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of its environment and to maintain its water homeostasis, 
nature has molded skin into an excellent barrier with 
a unique histological and molecular organization (1). 
It is equally adept in limiting molecular transport both 
from and into the body. Overcoming this barrier, for 
the purpose of (trans)dermal drug delivery, has been a 
challenge for the pharmaceutical scientist (2). Various 
approaches such as chemical penetration enhancers 
(3,4), iontophoresis (5,6), electroporation (7,8), and 
sonophoresis (9) have been tried in order to overcome 
the skin barrier. Apart from these widely reported 
approaches, various novel formulation methodologies 
such as microspheres (10,11), nanoparticles (12,13), 
hydrogels (14,15), liposomes (16-18), and nanoemulsions 
(19-21) were also employed to enhance the transdermal 
or dermal delivery of drugs. 

1.1. Dermal delivery vis-à-vis oral delivery

From the drug delivery point of view, skin differs 
from the gastro-intestinal tract (GIT) both structurally 
and functionally. It imposes a formidable challenge 
in the form of a very impermeable, lipophilic, and 
highly tortuous barrier, unlike GIT, which is much 
more permeable. Research has now established that 
the main barrier to cutaneous penetration lies in the 
outer most layer of skin, the stratum corneum (SC). 
The SC, consists of flat, hexagonal corneocytes which 
are tightly packed by intercellular cement consisting of 
primarily ceramides, and is approximately 0.3 μm thick 
(22). Immediately below the SC lies the viable dermis, 
followed by the dermis. The confluence of the lipidic 
epidermis and predominantly aqueous dermis makes the 
drug delivery of molecules at both extremes in terms of 
their lipophilicity index difficult. While the lipidic SC 
determines the rate of permeation of hydrophilic solutes, 
the dermis limits the transdermal transport of lipophilic 
molecules. Furthermore, immunogenicity of the organ, 
by virtue of its status as the first line of immunological 
defense, will limit the deliverability of proteins and 
peptides. On the other hand, skin also provides drug 
delivery scientists with distinctive opportunities. It is 
the only organ, apart from oral route, which has been 
found to provide zero-order delivery for up to a week 
(2). In addition, the skin has been widely explored 
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The recent advances in formulation and drug discovery 
programs have brought an increased number of molecules 
within the purview of (trans)dermal delivery. This review 
critically analyzes the challenges and opportunities 
offered by (trans)dermal drug delivery for the delivery of 
lipophilic molecules and genes as well as polypeptides. 
It also addresses the issue of skin localization of drugs 
with respect to systemic delivery, where systemic escape 
of a drug is not desirable. Finally, a survey of clinical 
trials on  psoriasis and melanoma therapy by localized 
administration of drugs is presented as an example of the 
recent enhanced interest in (trans)dermal delivery.

1. Skin: an efficient barrier 

In order to physically protect an organism from the rigors 
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for the delivery of potent molecules with high hepatic 
extraction due to its relatively subtle enzymatic activity. 
Moreover, formulation of delivery systems should be 
easier given the vast repertoire of excipients approved 
for topical or transdermal use. Quite uniquely, the 
existence of the stem cell compartment in the epidermis 
(23,24) has provided an exclusive opportunity for 
delivery of genes and anti-sense nucleotides. Further, 
lipophilic molecules that are otherwise potent but are 
orally non-deliverable due to poor aqueous solubility 
(anti-fungals, anti-psoriatics, anti-neoplastics, etc.) can 
be delivered to their site of action inside skin layers and 
thereby considerably reduce the systemic drug burden. 
Moreover, up to 95% of pathogens cross epithelial 
barriers, so attempts to manipulate specific immune 
responses at inductive sites (25) such as skin could lead 
to development of new vaccines against established and 
emerging diseases.

1.2. Dermal delivery is as difficult as transdermal 
delivery

Primary objective of transdermal delivery is to deliver 
a drug into systemic circulation while minimizing the 
local drug concentration in the skin. However, the 
objective of dermal delivery is to maximize the drug 
concentration in the desired skin layer with a minimal 
net drug transport across the skin into the blood, or in 
other words, to minimize 'systemic escape' of the drug. 
More often than not, in many pathological situations 
involving skin the target skin layer is not known and, 
furthermore, the target within the skin layer is seldom 
known (26). Therefore, contrary to general belief, the 
development of dermal products is more complex than 
that for transdermal products. Apart from the uncertainty 
in target location, the required local concentrations in 
the biophase at the tissue level is seldom known, mainly 
because required local drug concentrations can vary 
with the state of a disease. In the case of transdermal 
delivery, drug pharmacokinetics is modeled based on 
systemic drug concentrations by compartment or non-
compartment-based modeling. In localized delivery, 
though, systemic drug pharmacokinetics are limited 
only to assessment of drug leakage from the target site. 
However, some recent attempts were made to model 
regional pharmacokinetics of drug absorption into 
various skin layers using multi-compartment models 
(27-29). Unlike the enhanced permeation and retention 
effect observed in tumors as facilitates local targeting, 
such phenomena do not prevail in the case of non-
malignant diseases such as psoriasis. Bucks et al. have 
proposed that specific interaction with skin components 
may be required for long-term skin reservoir formation 
(30). Hence, the delivery technologies must mature 
far beyond their current level in order to enhance the 
local targeting of drugs to skin layers with greater 
reproducibility and reliability. Delivery is further 

complicated by the lack of knowledge on how a drug 
redistributes amongst different layers of skin and then 
into blood.

Contrary to accepted beliefs, blood supply to 
the dermis is not capable of resorbing certain drugs 
proportionate to their penetration through the epidermis. 
High lipophilicity, and molecular weight (MW), 
together with a slow rate of dissolution, or a rapid 
intake by dermatological tissues such as keratinocytes 
could be responsible for this preferential distribution 
of drug into these high-perfusion tissues. Due to 
this restricted systemic distribution of drugs applied 
dermally via systemic circulation (27-29,31), new 
avenues have opened up in the area of localized drug 
delivery via the skin. Therapeutically, localized dermal 
delivery can achieve two goals: delivery to superficial 
skin layers, i.e., the SC and epidermis, and delivery to 
deeper layers such as the dermis, subcutaneous tissue, 
and finally into muscles directly beneath the area of 
application.

1.3. Factors affecting molecular transport across skin

Although the histological and molecular organization of 
skin is highly complex and heterogeneous, the transport 
of molecules across this barrier is surprisingly Fickian 
(32). The passive flux (J) of a drug across the skin is 
a function of diffusivity (D), its partition coefficient 
(K), and the concentration gradient (C/h) prevailing 
across the barrier with a diffusion path length (h) and is 
governed by equation 1.

                J = DKC/h ----------- Equation 1

Thus, the permeability of drugs can be enhanced 
by altering K, D and C of a drug with an appropriate 
choice of a solvent system, penetration enhancers, 
or by means of super saturation of a vehicle with the 
drug. According to lipid-protein-partitioning (LPP) 
theory (33), the penetration enhancers act by alteration 
of intercellular lipids or intracellular protein domains 
or by enhancing partitioning of a drug into the skin. 
Thus, permeation of drugs within the lipid bilayer can 
be enhanced by targeting the hydrophilic head groups 
or lipophilic fatty acyl chains of the lipid bilayer or by 
enhancing the partitioning of the drug into the aqueous 
space between the polar heads by the appropriate 
choice of a vehicle. At the current point in time, bilayer 
disruption by azone (34,35), terpenes (36-39), and fatty 
acids (40-42) has been reported to increase the flux 
of hydrophilic and lipophilic drugs of different MW 
varying from 200 to 500 Da. However, few studies 
reported using permeants with MWs above 500 Da and 
instead used chemical penetration enhancement such 
as insulin (5,43,44) and FITC-dextrans (45,46). As the 
MW exceeds 500 Da, the penetration characteristics 
of normal skin decrease significantly (47). According 



www.ddtjournal.com

Drug Discov Ther 2008; 2(2):64-73. 66

drug localization and vice versa.
Although several studies have dealt with the 

influence of penetration enhancers on transdermal 
delivery, few have actually focused on dermatological 
drug localization in skin. In the case of dermal 
penetration enhancers, a desirable trait would be to 
promote penetration, and thus drug localization, while 
decreasing drug permeation. Chemical substances 
that break the SC barrier may enhance both events 
simultaneously while those enhancers that act purely 
by enhancing the partitioning of the drug into the SC 
subsequent to the alteration of the microenvironment 
may help in maximizing penetration and form a depot 
of the drug.

In transdermal delivery literature, the terms 
"penetration" and "permeation" are often used 
interchangeably. However, these are two distinct 
events, essentially separated at the level of the main 
barrier to molecular transport, the SC. "Penetration"
specifically describes the entry of molecules into the 
SC, and "permeation" describes the mass transfer from 
the SC across different layers of skin into the systemic 
circulation. However, since these events overlap 
during permeation studies, they may not be quantified 
separately, but dermal and transdermal delivery can 
be delineated by the penetration/permeation balance, 
which in turn is a complex function of the MW and 
the lipophilicity of a drug and is further influenced by 
the extent of enhancement provided by a formulation 
strategy (Figure 1). If a drug is hydrophilic (log P < 
1) and its MW < 500 Da, it can be made to penetrate 
into skin using a penetration enhancer, as in the case of 
zidovudine (52), but its localization in vivo is difficult 
due to the hydrophilic environment existing after the 
dermo-epidermal junction. In contrast, a lipophilic 
molecule with a lower MW, such as naloxone, can 
easily be made to penetrate as well as permeate, thus 
enabling transdermal delivery (53,54). However, a 
permeation retardant or depot former such as propylene 
glycol is needed for retention in the skin (55). In 
contrast, a hydrophilic molecule with a high MW, 
such as insulin, can be made to penetrate with a high 
degree of penetration enhancement (5,43,44) but is 
very difficult to localize inside the skin. Similarly, a 
lipophilic molecule with a high MW, such as paclitaxel 
(PCL), can be made to penetrate using formulation 
strategies (3); due to its high lipophilicity, it would not 
require any permeation retardant for its localization, 
and therapeutically effective concentrations could be 
built up in the biophase (56).

Rapid advances in drug discovery with the advent 
of combinatorial chemistry and receptor-based 
drug design, enabled by high-throughput screening 
methodologies and further accelerated by genomics 
and proteomics, have lead to discovery of millions 
of molecules that have been pharmacodynamically 
optimized. However, drug optimization is not complete 

to free volume theory for molecular transport across 
a membrane (48), there exists an inverse relationship 
between the diffusion coefficient (D) and MW, and D of 
a molecule decreases exponentially with MW (Equation 
2)

D = DO. EXP(-β.MW) ----------- Equation 2

where, DO → Diffusivity of molecule at zero
molecular volume; β → Constant

Similar to other biological lipid membranes, in 
the SC diffusivity also decreases exponentially with 
increasing MW (49). Further, the skin permeation of 
molecules is also dependent on lipophilicity along with 
MW; based on these physicochemical properties, a 
model was proposed to predict the skin permeability of 
molecules (50).

1.4. Penetration-permeation balance

Many predictive approaches were tried to describe 
molecular transport across the skin (27-29,50,51) based 
on the various physicochemical properties of solutes, 
such as octanol-water partition coefficient (log P), MW, 
melting point, and concentration of unbound drug in the 
skin. Despite the variety of approaches employed, they 
shared an emphasis on the importance of lipophilicity 
and MW as the primary determinants of solute transport 
across skin.

A generally accepted precept is the larger the MW, 
the lesser drug permeation due to the slower diffusion 
coefficient. However, based on permeation data 
obtained from a series of alkanols, Behl et al. proposed 
that lipophilicity may play a larger role than MW (26). 
In the current authors' opinion, this trend may be valid 
for molecules less than 500 Da, upon which the analysis 
by Behl et al. was based. At higher MWs, which factor 
plays a predominant role is unclear since an increase in 
carbon chain length leads to both MW and lipophilicity 
enhancement. Thus, interaction between these two 
factors and their individual as well as cumulative 
influence on skin penetration and permeation has to 
be explored. This will help to better understand the 
influence of physico-chemical properties of molecules 
on dermal-transdermal delivery. Apart from this, 
the manner in which vehicles influence transdermal 
delivery differs from the way they affect local delivery 
to the skin. The vehicle can move into skin layers and 
alter skin integrity as well as the microenvironment, 
thus affecting drug uptake dramatically without 
significantly influencing transdermal permeation. Under 
these circumstances, studying the efficacy of vehicles 
and penetration enhancers on drug penetration and 
localization into skin using conventional transdermal 
permeation experiments is problematic since drug 
permeation into the receptor phase does not guarantee 



www.ddtjournal.com

Drug Discov Ther 2008; 2(2):64-73. 67

without drug development essentially consisting of 
biopharmaceutic and pharmacokinetic optimization. 
Although this later aspect was initially neglected, 
biopharmaceutic and pharmacokinetic optimization 
has assumed renewed importance with the review 
of the causes of the failure of preclinical candidates 
indicating their poor biopharmaceutic properties (57). 
Further, choice of delivery system is as important as 
the drug itself, since even the best biopharmaceutically 
optimized drug cannot deliver itself (58); hence, it 
has to be developed with its delivery characteristics 
incorporating excipients in mind, ultimately yielding 
a dosage form that  is  administrable.  This has 
ultimately led to the evolution of BCS for peroral drug 
candidates. Such a unified classification is warranted 
for other routes of delivery but is rather difficult if 
not impossible, primarily due to the difference in the 
role of physicochemical properties influencing each 
route. Another problem with modern drug discovery 
technologies is their inherent bias towards more 
lipophilic, and thus orally difficult-to-deliver, molecules, 
necessitating the search for non-peroral drug delivery 
strategies. The cutaneous route is correctly positioned 
to provide unique opportunities for delivery of class 
II and IV drugs and genes and localized delivery of 
dermatopharmaceuticals.

2. Dermal delivery of genes and antisense nucleotides 
(ANs)

Although genomics have opened up many avenues 
for therapeutic intervention, the full potential of these 
therapies cannot be realized until an understanding of the 
choice of vector and delivery strategies has matured (59). 
There is currently no practical method, either viral or 
non-viral, available to allow safe and efficient delivery 
in most clinical situations. Broad applicability of gene 
therapy will invariably require diversity in formulation 
and routes of administration. Although the oral route 
of delivery has been explored (60,61), significant 
success has yet to be achieved. Skin, by virtue of its 
ready accessibility and non-invasiveness, is an obvious 
target for both systemic and local delivery. Advances in 
delivery methods are increasing the feasibility of this 
delivery route (62). Dermal formulations can modulate 
gene expression within the skin, an application that 
would be useful for the inhibition of viral genes in skin 
lesions or inhibition of genes associated with ongoing 
pathology in the skin. Further, transdermal delivery for 
systemic administration can provide reliable sustained 
release, reduced enzymatic and first-pass metabolism, 
and improved patient compliance. Moreover, skin is 
the anatomical site where most exogenous antigens are 
encountered first, so in vivo transfection of epidermal 
or dermal cells by DNA would be expected to provide 
an efficient route to gene immunization that mimics a 
physiological response to an infection (63).

ANs mainly permeate through intra-appendageal 
route through hair follicles. Approximately 0.5% of the 
applied dose of a 22-25-base oligomer was observed 
to be delivered to the hair bulbs and deeper strata (64). 
Keratinocytes are particularly sensitive to ANs and 
provide an excellent target for dermal administration. 
These cells can internalize ANs very rapidly in 
30-60 min after exposure (65), and uptake of these 
molecules proceeds without cell surface accumulation 
or endosomal sequestration (66). Internalization of ANs 
is dependent upon molecular size and sequence (67). 
Furthermore, uptake is also influenced by concentration, 
exposure time, and temperature (68). Once a drug 
passes through viable epidermis, it reaches the 
vascular and lymphatic systems for potential systemic 
availability. However, this systemic escape is preceded 
by keratinocyte internalization, and an inverse relation 
between transdermal permeation of phosphorothioate 
ANs and internalization by keratinocytes has been 
observed. This presents the possibility that ANs may 
be designed to treat skin diseases with little systemic 
availability, and conversely that ANs may also be 
designed for systemic treatment with little local 
interaction in the skin. Vlassov et al. were the first to 
report the transdermal permeation of ANs (69), in which 
they described systemic availability of a 32P-labelled 
oligonucleotide following application of a lotion of 
AN to mouse ear helices. Further, they reported the 
iontophoretic delivery of oligonucleotides and noted 
accumulation of intact AN in mouse tumors (70). Other 

Figure 1. Schematic representation of penetration-permeation balance 
and its correlation with physicochemical properties. Dermal and 
transdermal delivery can be delineated by the penetration/permeation 
balance, which in turn is a complex function of lipophilicity and 
MW. A small hydrophilic molecule like zidovudine can be made to 
penetrate the skin easily using penetration enhancers, and from there 
it quickly permeates to produce systemic levels due to its small MW 
and the aqueous environment in deeper skin layers. A small lipophilic 
molecule like naloxone can be made to localize in skin using a 
skin depot former like propylene glycol or systemic therapeutic 
concentrations can be effected using oleic acid as a permeation 
enhancer. However, delivery of a hydrophilic macromolecule such as 
insulin would be diffi cult since it has trouble penetrating the lipophilic 
SC despite enhancement by iontophoresis and/or penetration 
enhancers. Further, a lipophilic drug with a high molecular weight 
such as paclitaxel can penetrate into deeper skin layers and form a 
depot through use of a proper formulation strategy.
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physical enhancement strategies like electroporation 
(71), gold micro projectiles (72), gene guns (73), and 
microprojection patches (74) have also been explored 
to deliver genes into the skin.

Gillardon et al. reported a complete blockade of 
c-fos gene expression in a UV-irradiated rat upon 
topical application of an AN to c-fos to tape-stripped 
skin and further suggested its applicability to intact 
skin (75). The ability of an AN to TGF-β1 to control 
the healing of incisional wounds in mice was tested 
by applying an AN to the site, and the AN was 
observed to decrease scarring (76). A chimeric AN 
(TYR-A) designed to correct a point mutation in the 
tyrosinase gene was able to restore melanin synthesis 
by topical and intradermal administrations for at least 
3 months after application (77). Topical delivery of 
a cream consisting of AN to intercellular adhesion 
molecule-1 (ICAM-1) effectively inhibited 66% mRNA 
synthesis in the skin of human skin-transplanted 
immunodeficient mice. Upon topical administration, 
local concentrations were 3 times as high in the 
epidermis and 2 times as high in the dermis than with 
intravenous (i.v.) administration. AN metabolism was 
also considerably lower upon topical administration 
(78). However, few studies have been performed to 
study the in vivo efficacy of chemical enhancement as 
a means to achieve transdermal delivery. Brand et al. 
have reported a modified backbone AN transdermal 
delivery in rats using propylene glycol and linoleic acid 
as enhancers (79). Zhang et al. reported the application 
of pressure-mediated electroporation to deliver a LacZ 
reporter gene in vivo into hairless mouse skin, and gene 
expression was observed up to a depth of 370 μm (80).

3. Dermal delivery of class II and IV drugs

Dermal delivery is an attractive option for the 
molecules of classes II and IV of the Biopharmaceutic 
Classification System (BCS) as they are otherwise 
very difficult to deliver orally (Figure 1). By virtue 
of their high lipophilicity, they will readily partition 
into and permeate through skin, rendering themselves 
deliverable by this route. Delivery across and into 
skin would be the more natural route for drugs that 
are intended to act in the skin, such as anti-psoriatics, 
anti-fungals, anti-neoplastics, anti-leishmanials, and 
antibiotics. This would give the delivery strategy an 
element of passive targeting together with a reduction 
in non-target organ toxicity (Figure 2).

Methotrexate, which is normally given systemically 
by i.v. or orally, has been developed for topical 
application for the treatment of psoriasis. Alvarez-
Figueroa et al. reported on the topical delivery of 
methotrexate by both iontophoresis and passive 
delivery using microemulsions (21,81). Enhanced 
transdermal delivery of methotrexate was also reported 
using penetration enhancers (82). PCL, an effective 

antineoplastic agent given by i.v., is being explored for 
use in psoriasis therapy via dermal application (3,56,83). 
5-fluorouracil via dermal application has been used to 
treat epidermal dysplasia (84) and pre-malignant actinic 
keratoses (85). Topical therapy using paromomycin 
ointment was reported to be effective against cutaneous 
leishmaniasis without any local or systemic side 
effects (86). Amphotericin B, an antibiotic with several 
systemic side effects, was delivered effectively to the 
skin in order to treat cutaneous leishmaniasis. Vardy et 
al. reported the effectiveness of a lipidic formulation 
of amphotericin B for cutaneous leishmaniasis in a 
prospective placebo-controlled clinical study (87). 
Topical and transdermal delivery of cyclosporin is 
being explored as a therapy for various inflammatory 
skin diseases such as psoriasis, atopic dermatitis, and 
diseases of hair follicles like alopecia areata (88,89). 
Tacrolimus, a cyclosporine-like inhibitor of T-cell 
activation, is currently available for the treatment 

Figure 2. An illustration of the regional pharmacokinetic advantage 
offered by (A) Localized (Dermal) delivery over (B) Systemic 
(Oral) delivery for a lipophilic drug. The thickness of arrows 
schematically represents the local concentrations of drug. When 
a drug with a therapeutic target lying in skin layers is given by 
the systemic route (situation B), the local concentrations decrease 
exponentially (assuming passive diffusion with first-order kinetics) 
as the drug crosses each barrier. Under these circumstances, final 
concentrations achievable at the target will be a small fraction of the 
dose administered. Such severe pharmacokinetic limitations lead to 
the failure of drugs that are proven to be effective against the disease 
in pharmacological screening. Alternatively, if the same drug is 
administered locally (situation A), much higher concentrations are 
achievable at the biophase, while considerably reducing the non-
target organ concentration. The regional pharmacokinetic advantage 
of dermal delivery of dermatopharmaceuticals is shown here as an 
illustration and is not drawn to scale.
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of atopic dermatitis (90). Steroids and non-steroidal 
anti-inflammatory drugs (NSAIDs) by far comprise 
the largest group of topical medications. The dermal 
delivery of triamcinolone acetonide was found to 
improve upon administration as transfersomes in 
comparison to its gel formulations (91). NSAIDS such 
as diclofenac (92,93), piroxicam (94), ketoprofen (95), 
and flurbiprofen (96) are actively being studied for use 
in in vivo dermal delivery.

4. Dermal delivery systems in clinical trials

The past few years have witnessed a dramatic 
increase in therapies aimed at the treatment of many 
dermatological disorders, with special emphasis on 
psoriasis and melanoma. Unlike previous approaches 
that were mainly symptomatic, recent therapies have 
essentially focused on the cause of the disease.

4.1. Psoriasis

Psoriasis is a chronic, hyperproliferative, inflammatory 
disease of the skin that affects 1-3% of the world's 
population. The annual cost of psoriasis outpatient care 
in the US is estimated to be between US$1.6 billion 
and US$3.2 billion (www.angiotech.com accessed 
on 23.08.2005). A comprehensive survey of various 
treatments for psoriasis and psoriatic arthritis in the 
development stage or late development stage (updated 
until May 2005) can be found at http://www.psoriasis.
org/research/pipeline/.

Since the disease's pathogenesis involves a complex 
series of molecular events, various molecular targets 
are being targeted to treat psoriasis. The delivery 
approaches are mainly concentrating on localized 
dermal delivery in comparison to oral and other 
systemic routes.

Vitamin D analogs were found to be efficacious in 
the treatment of psoriasis, but their therapy is limited 
by the development of hypocalcaemia. Becocalcidiol, 
a vitamin D analog without this adverse effect, has 
recently completed phase IIB clinical trials for the 
topical treatment of mild to moderate psoriasis (www.
quatrx.com). Ligands of nuclear hormone receptors 
such as glucocorticoids, retinoids, and vitamin D are 
useful antipsoriatic drugs. Peroxisome proliferator-
activated receptors (PPARs), which also belong to 
the nuclear hormone receptor super family, were also 
reported to be effective in vitro against psoriasis. 
However, a pilot in vivo study found their efficacy 
to be inadequate (97). The marketed PPAR-γ agonist 
rosiglitazone was found not to be efficacious against 
psoriasis in phase III clinical trials (http://science.gsk.
com/pipeline/index.htm). A novel class of drugs called 
Retinoic Acid Metabolism Blocking Agents (RAMBA) 
uses the body's own endogenous retinoic acid to provide 
a therapeutic effect against ichthyosis, psoriasis, and 

acne. RAMBAs have been shown to be safer than 
retinoids. Rambazole, a second generation RAMBA, 
has completed early Phase II testing in topical clinical 
studies (http://khandekar.com accessed on 22.08.2005). 
Stimulation of epidermal keratinocytes by insulin-like 
growth factor I (IGF-I) is essential for cell division, 
and increased sensitivity to IGF-I occurs in psoriasis. 
A second-generation antisense drug (ATL1101) was 
designed by Antisense Therapeutics to silence or 
suppress the gene for the insulin-like growth factor-I 
receptor (IGF-Ir). IGF-Ir's pivotal role in the regulation 
of cell over-growth in psoriasis was previously 
established (98-100). ATL1101 is being developed 
by Antisense Therapeutics as a cream for treatment 
of mild-to-moderate cases of psoriasis. In a novel 
extension to its established activity as antineoplastic, 
paclitaxel is being developed as an anti-psoriatic by 
Angiotech Pharmaceuticals (www.angiotech.com). 
The topical gel has completed phase I clinical trials 
for mild to moderate psoriasis. Micellar paclitaxel for 
treatment of rheumatoid arthritis and severe psoriasis is 
in phase II clinical trials. Selectins are the cell surface 
proteins involved in the recruitment of leucocytes 
during inflammation. A new topical formulation of the 
small molecule pan-selectin antagonist bimosiamose 
was recently found to be effective in the treatment 
of psoriasis during a phase IIa clinical trial (101). 
Tacrolimus and pimecrolimus, immunosuppressant 
calcineurin inhibitors, are approved in the US for the 
treatment of atopic dermatitis by topical application 
and are in a phase IIIb clinical trial for the treatment of 
inverse psoriasis (www.novartisclinicaltrials.com).

4.2. Melanoma

Melanoma is a skin cancer involving melanocytes. 
According to the Melanoma Research Foundation 
(www.melanoma.org), this is the fastest growing cancer 
in the US and worldwide, with its incidence increasing 
at the rate of 3% every year. Various innovative 
approaches are being explored for the treatment of 
melanoma including gene therapy, immunological 
intervention using vaccines, and molecular targeting-
based therapies.

Appreciative of the skin's function as a barrier, 
many clinical trials involving macromolecules such as 
vaccines oligonucleotides, genes, and large proteins 
have been performed using either an intradermal or 
subcutaneous route. Vaccine-based preparations were 
mainly prepared as emulsions in montanide ISA-51 
(mannide oleate), which itself can act as an immuno 
adjuvant. However, delivery approaches must still 
mature in order to harness the full therapeutic potential 
of these novel molecules.

Recently, the National Cancer Institute (NCI) 
started a phase II clinical trial on vaccine therapy using 
melanoma peptides for cytotoxic T cells and helper T 
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cells by a dermal/subcutaneous route. In another phase 
I/II clinical trial, the multiple synthetic melanoma 
peptide sargramostim is being evaluated for stage III/IV 
melanoma involving the eye. The biological response 
modifier imiquimod is also being tried in a phase I 
clinical trial as an adjuvant to enhance the response 
of transdermal vaccines consisting of multi-epitope 
melanoma peptides. Subcutaneous Interferon-β is in 
a phase II clinical trial for the treatment of metastatic 
cutaneous melanoma or ocular melanoma.

5. Conclusion

Despite the toughness and complexity of the skin 
barrier, (trans)dermal delivery remains an innovative 
and successful route of drug administration. Recent 
developments in drug discovery technologies coupled 
with high-throughput screening have lead to discovery 
of highly lipophilic and poorly permeating drugs. 
Further, biopharmaceuticals arising from genomics 
and proteomics research may not be amenable to 
oral delivery due to the abundance of enzymes in 
GIT. Due to the poor peroral bioavailability of such 
poorly soluble and permeating molecules and given 
the unique advantages offered by skin with respect 
to localized delivery, this route has received renewed 
attention. With the likelihood of an imminent increase 
in biopharmaceuticals and vaccines, (trans)dermal 
delivery has come into its own.

References

1.  Blank IH. Cutaneous barriers. J Invest Dermatol 1965; 
45:249-256.

2.  Naik A, Kalia YN, Guy RH. Transdermal drug delivery:
overcoming the skin's barrier function. PSTT 2000; 
3:318-326.

3.  Panchagnula R, Desu H, Jain A, Khandavilli S. Effect 
of lipid bilayer alteration on transdermal delivery of 
high molecular weight and lipophilic drug: studies with 
paclitaxel. J Pharm Sci 2004; 93:2177-2183.

4.  Narishetty STK, Panchagnula R. Transdermal delivery 
of zidovudine: effect of terpenes and their mechanism of 
action. J Control Release 2004; 95:367-379.

5.  Pillai O, Panchagnula R. Transdermal delivery of insulin 
from poloxamer gel: ex vivo and in vivo skin permeation 
studies in rat using iontophoresis and chemical 
enhancers. J Control Release 2003; 89:127-140.

6.  Nair VB, Panchagnula R. Effect of iontophoresis and 
fatty acids on permeation of arginine vasopressin through 
rat skin. Pharmacol Res 2003; 47:563-569.

7.  Prausnitz MR. The effects of electric current applied to 
skin: A review for transdermal drug delivery. Adv Drug 
Del Rev 1996; 18:395-425.

8.  Prausnitz MR, Lee CS, Liu CH, Pang JC, Tej Preet S, 
Langer R, Weaver JC. Transdermal transport efficiency 
during skin electroporation and iontophoresis. J Control 
Release 1996; 38:205-217.

9.  Mitragotri S, Farrell J, Tang H, Terahara T, Kost J, 
Langer R. Determination of threshold energy dose for 

ultrasound-induced transdermal drug transport. J Control 
Release 2000; 63:41-52.

10.  Perugini P, Genta I, Pavanetto F, Conti B, Scalia S, 
Baruffini A. Study on glycolic acid delivery by liposomes 
and microspheres. Int J Pharm 2000; 196:51-61.

11.  Giandalia G, De Caro V, Cordone L, Giannola LI. 
Trehalose-hydroxyethylcel lulose microspheres 
containing vancomycin for topical drug delivery. Eur J 
Pharm Biopharm 2001; 52:83-89.

12.  Lippacher A, Muller RH, Mader K. Preparation of 
semisolid drug carriers for topical application based on 
solid lipid nanoparticles. Int J Pharm 2001; 214:9-12.

13.  Langer K, Mutschler E, Lambrecht G, Mayer D, 
Troschau G, Stieneker F, Kreuter J. Methylmethacrylate 
sulfopropylmethacrylate copolymer nanoparticles for 
drug delivery: Part III: Evaluation as drug delivery 
system for ophthalmic applications. Int J Pharm 1997; 
158:219-231.

14.  Walters KA, Brain KR, Green DM, James VJ, Watkinson 
AC, Sands RH. Comparison of the transdermal delivery 
of estradiol from two gel formulations. Maturitas 1998; 
29:189-195.

15.  Sateesh K Sharma P, Panchagnula R. Stabi l i ty, 
biophysical, and in vivo toxicity evaluation of a novel 
naloxone transdermal gel formulation. Fifth International 
Symposium on Advances in Technology and Business 
Potential of New Drug Delivery Systems. Mumbai, 
India, 2004.

16.  Touitou E, Levi Schaffer F, Dayan N, Alhaique F, 
Riccieri F. Modulation of caffeine skin delivery by 
carrier design: liposomes versus permeation enhancers. 
Int J Pharm 1994; 103:131-136.

17.  Hwang BY, Jung BH, Chung SJ, Lee MH, Shim CK. In 
vitro skin permeation of nicotine from proliposomes. J 
Control Release 1997; 49:177-184.

18.  Dayan N, Touitou E. Carriers for skin delivery of 
trihexyphenidyl HCl: Ethosomes vs . l iposomes. 
Biomaterials 2000; 21:1879-1885.

19.  Wu H, Ramachandran C, Weiner ND, Roessler BJ. 
Topical transport of hydrophilic compounds using water-
in-oil nanoemulsions. Int J Pharm 2001; 220:63-75.

20.  Rhee YS, Choi JG, Park ES, Chi SC. Transdermal 
delivery of ketoprofen using microemulsions. Int J 
Pharm 2001; 228:161-170.

21.  Alvarez-Figueroa MJ, Delgado-Charro MB, Blanco-
Méndez J. Transdermal delivery of methotrexate: 
iontophoretic delivery from hydrogels and passive 
delivery from microemulsions. Int J Pharm 2001; 
215:57-65.

22.  Asbill CS, Michniak BB. Percutaneous penetration 
enhancers: local versus transdermal activity. PSTT 2000; 
3:36-41.

23.  Lako M, Armstrong L, Cairns PM, Harris S, Hole N, 
Jahoda CAB. Hair follicle dermal cells repopulate 
the mouse haematopoietic system. J Cell Sci 2002; 
115:3967-3974.

24.  Frye M, Gardner C, Li ER, Arnold I, Watt FM.  Evidence 
that Myc activation depletes the epidermal stem cell 
compartment by modulating adhesive interactions 
with the local microenvironment. Development 2003; 
130:2793-2808.

25.  Brayden DJ, Jepson MA, Baird AW. Intestinal peyers 
patch M cells and oral vaccine targeting. Drug Discov 
Today 2005; 10:1145-1157.

26.  Behl C, Char H, Patel S, Mehta D, Piemontere D, Malick 

70



www.ddtjournal.com

Drug Discov Ther 2008; 2(2):64-73. 

A. In vivo and in vitro skin uptake and permeation 
studies: critical considerations and factors which affect 
them. In: Topical Drug Bioavailability, Bioequivalence, 
and Penetration (Shah VP, Maibach HI, eds.) Plenum 
Press, New York, 1993; pp. 225-259.

27.  Higaki K, Asai M, Suyama T, Nakayama K, Ogiwara K, 
Kimura T. Estimation of intradermal disposition kinetics 
of drugs: II. Factors determining penetration of drugs 
from viable skin to muscular layer. Int J Pharm 2002; 
239:129-141.

28.  Nakayama K, Matsuura H, Asai M, Ogawara K, Higaki K, 
Kimura T. Estimation of intradermal disposition kinetics 
of drugs: I. Analysis by compartmental model with 
contralateral tissues. Pharm Res 2002; 16:302-308.

29.  Singh P, Roberts M. Local deep tissue penetration of 
compounds after dermal application: Structure-tissue 
penetration relationships. J Pharmacol Exp Ther 1996; 
279:908-917.

30.  Bucks D, McMaster J, Maibach HI, Guy RH. Prolonged 
residence of topically applied chemicals in the stratum 
corneum. J Pharm Sci 1987; 76:S125.

31.  Guy RH, Maibach HI . Drug de l ive ry to loca l 
subcutaneous structures following topical administration. 
J Pharm Sci 1983; 72:1375-1380.

32.  Kalia Y, Guy RH. Modeling transdermal drug release. 
Adv Drug Del Rev 2001; 48:159-172.

33.  Barry BW. Lipid-protein-partition theory of skin 
penetration enhancement. J Control Release 1991; 
15:237-248.

34.  Ito Y, Ogiso T, Iwaki M. Thermodynamic study on 
enhancement of percutaneous penetration of drugs by 
Azone. J Pharmacobiodyn 1988; 11:749-757.

35.  Afouna M, Fincher T, Zaghloul A, Reddy I. Effect of 
Azone upon the in vivo antiviral efficacy of cidofovir or 
acyclovir topical formulations in treatment/prevention of 
cutaneous HSV-1 infections and its correlation with skin 
target site free drug concentration in hairless mice. Int J 
Pharm 2003; 253:159-168.

36.  Yamane MA, Will iams AC, Barry BW. Terpene 
penetration enhancers in propylene glycol/water co-
solvent systems: effectiveness and mechanism of action. 
J Pharm Pharmacol 1995; 47:978-989.

37.  Moghimi HR, Williams AC, Barry BW. A lamellar 
matrix model for stratum corneum intercellular lipids. V. 
Effects of terpene penetration enhancers on the structure 
and thermal behaviour of the matrix. Int J Pharm 1997; 
146:41-54.

38.  Cornwell PA, Barry BW. The routes of penetration 
of ions and 5-fluorouracil across human skin and 
the mechanism of action of terpene skin penetration 
enhancers. Int J Pharm 1993; 94:189-194.

39.  Jain AK, Thomas NS, Panchagnula R. Transdermal 
drug delivery of imipramine hydrochloride: I. Effect of 
terpenes. J Control Release 2002; 79:93-101.

40.  Tanojo H, Boelsma E, Junginger HE, Ponec M, Bodde 
HE. In vivo human skin barrier modulation by topical 
application of fatty acids. Skin Pharmacol Appl Skin 
Physiol 1998; 11:87-97.

41.  Santoyo S, Ygartua P. Effect of skin pretreatment with 
fatty acids on percutaneous absorption and skin retention 
of piroxicam after its topical application. Eur J Pharm 
Biopharm 2000; 50:245-250.

42.  Aungst BJ, Rogers NJ, Shefter E. Enhancement of 
naloxone penetration through human skin in vitro using 
fatty acids, fatty alcohols, surfactants, sulfoxides and 

amides. Int J Pharm 1986; 33:225-234.
43.  Pillai O, Borkute SD, Sivaprasad N, Panchagnula R. 

Transdermal iontophoresis of insulin: II. Physicochemical 
considerations. Int J Pharm 2003; 254:271-280.

44.  Pillai O, Panchagnula R. Transdermal iontophoresis of 
insulin: V. Effect of terpenes. J Control Release 2003; 
88:287-296.

45.  Ogiso T, Paku T, Iwaki M, Tanino T. Mechanism of the 
enhancement effect of n-octyl-beta-D-thioglucoside on 
the transdermal penetration of fluorescein isothiocyanate-
labeled dextrans and the molecular weight dependence of 
water-soluble penetrants through stripped skin. J Pharm 
Sci 1994; 83:1676-1681.

46.  Ogiso T, Paku T, Iwaki M, Tanino T. Percutaneous 
penetration of fluorescein isothiocyanate-dextrans and 
the mechanism for enhancement effect of enhancers 
on the intercellular penetration. Biol Pharm Bull 1995; 
18:1566-1571.

47.  Bos JD, Meinardi MMHM. The 500 Dalton rule for the 
skin penetration of chemical compounds and drugs. Exp 
Dermatol 2000; 9:165-169.

48.  Cohen MH, Turnbull D. Molecular transport in liquids 
and gases. J Chem Phys 1959; 31:1164-1169.

49.  Kasting GB, Smith RL, Cooper ER. Effect of lipid 
solubility and molecular size on percutaneous absorption. 
In: Skin Pharmacokinetics (Shroot B, Schaefer H, eds.) 
Karger, Basel, 1987; pp. 138-153.

50.  Potts RO, Guy RH. Predicting skin permeability. Pharm 
Res 1992; 9:663-669.

51.  Magnusson B, Anissimov Y, Cross S, Roberts M. 
Molecular size as the main determinant of solute 
maximum flux across the skin. J Invest Dermatol 2004; 
122:993-999.

52.  Thomas NS, Panchagnula R. Transdermal delivery of 
zidovudine: effect of vehicles on permeation across rat 
skin and their mechanism of action. Eur J Pharm Sci 
2003; 18:71-79.

53.  Panchagnula R, Khandavilli S. In vitro and in vivo 
evaluation of gel formulation for the transdermal 
delivery of naloxone. Pharm Ind 2004; 66:228-233.

54.  Panchagnula R, Bokalial R, Sharma P, Khandavilli S. 
Transdermal delivery of naloxone: skin permeation, 
pharmacokinetic, irritancy and stability studies. Int J 
Pharm 2005; 293:213-223.

55.  Jaiswal J, Poduri R, Panchagnula R. Transdermal 
delivery of naloxone: ex vivo permeation studies. Int J 
Pharm 1999; 179:129-134.

56.  Kandavilli S, Panchagnula R. Trans(Dermal) delivery 
of high molecular weight and lipophilic drug Paclitaxel: 
Influence of lipidic vehicles and penetration enhancers. 
American Association for Pharmaceutical Scientists 
(AAPS) Conference. Baltimore, USA, 2004.

57.  Prentis R, Lis Y, Walker S. Pharmaceutical innovation 
by the seven UK-owned pharmaceutical companies 
(1964-1985). Br J Clin Pharmacol 1988; 25:387-396.

58.  Davis S, Illum L. Drug delivery systems for challenging 
molecules. Int J Pharm 1998; 176:1-8.

59.  Anderson W. Human gene therapy. Nature 1998; 
392:25-30.

60.  Agrawal S, Zhang X, Lu Z, Zhao H, Tamburin JM, Yan J, 
Cai H, Diasia RB. Absorption,tissue distribution and in 
vivo stability in rats of a hybrid antisense oligonucleotide 
following oral administration. Biochem Pharmacol 2005; 
50:571-576.

61.  Beck GR, Irwin WJ, Nicklin PL, Akhtar S. Interactions 

71



www.ddtjournal.com

Drug Discov Ther 2008; 2(2):64-73. 

of phosphodiester and phosphothiolate oligonucleotides 
with intestinal epithelial Caco-2 cells. Pharm Res 2005; 
13:1028-1037.

62.  Luo D, Saltzman WM. Synthetic DNA delivery systems. 
Nat Biotechnol 2000; 18:33-37.

63.  Raz E, Carson DA, Parker SE, Parr TB, Abai AM. 
Intradermal gene immunization: The possible role of 
DNA uptake in the induction of cellular immunity to 
viruses. Proc Natl Acad Sci USA 1994; 91:9519-9523.

64.  Lieb LM, Liimatta AP, Bryan RN, Brown BD, Krueger 
GG. Description of the intrafollicular delivery of large 
molecular weight molecules to follicles of human scalp 
skin in vitro. J Pharm Sci 1997; 86:1022-1029.

65.  Nestle F O, Mitra RS, Bennett CF, Chan H, Nickoloff 
BJ. Cationic lipid is not required for uptake and selective 
inhibitory activity of ICAM-1 phosphorothiolate 
antisense oligonucleotides in keratinocytes. J Invest 
Dermatol 1994; 103:569-575.

66.  Noonberg SB, Garovoy MR, Hunt CA. Characteristics of 
oligonucleotide uptake in human keratinocyte cultures. J 
Invest Dermatol 1993; 101:727-731.

67.  Brand RM, Haase K, Hannah TL, Iversen PL. An 
experimental model for interpreting percutaneous 
penetration of oligonucleotides that incorporates the role 
of keratinocytes. J Invest Dermatol 1998; 111:1166-1171.

68.  Wigens M, vanHooijdonk CA, deJongh DJ, Schalkwijk 
J , vanErp PE. Flowcytometric and microscopic 
character izat ion of the uptake and distr ibut ion 
of phosphorothiolate oligonucleotides in human 
keratinocytes. Arch Dematol Res 1998; 290:119-125.

69.  Vlassov VV, Karamyshev VN, Yakubov LA. Penetration 
of oligonucleotides into mouse organism through mucosa 
and skin. FEBS Lett 1993; 327:271-274.

70.  Vlassov VV, Nechaeva MV, Karamyshev VN, Yakubov 
LA. Iontophoetic delivery of oligonucleotide derivatives 
into mouse tumour. Antisense Res Dev 1994; 4:291-293.

71.  Zever t TE, Pl iquet t UF, Langer R, Weaver JC. 
Transdermal transport of DNA antisense oligonucleotides 
by electroporation. Biochem Biophys Res Commun 
1995; 212:286-292.

72.  Tang DC, DeVit M, Johnston SA. Genetic immunization 
is a simple method for eliciting an immune response. 
Nature 1992; 356:152-154.

73.  Fynan EF, Webster RG, Fuller DH, Haynes JR, 
Santoro JC, Robinson HL. DNA vaccines: protective 
immunizations by parenteral, mucosal, and gene-
gun inoculations. Proc Natl Acad Sci USA 1993; 
90:11478-11482.

74.  Lin W, Cormier M, Samiee A, Griffin A, Johnson B, 
Teng CL, Hardee GE, Daddona PE. Transdermal delivery 
of antisense oligonucleotides with microprojection patch 
(Macroflux) technology. Pharm Res 2001; 18:1789-1793.

75.  Gillardon F, Mill I, Uhlmann E. Inhibition of c-fos 
expression in the UV-irradiated epidermis by topical 
application of antisense oligodeoxynucleotides 
suppresses activation of proliferating cell nuclear 
antigen. Carcinogenesis 1995; 16:1853-1856.

76.  Choi BM, Kwak HJ, Jun CD, Park SD, Kim KY. Control 
of scarring in adult wounds using antisense transforming 
growth factor-B1 oligodeoxynucleotides. Immunol Cell 
Biol 1996; 174:144-150.

77.  Alexeev VIO, Domashenko A, Cotsarelis G, Yoon 
K. Localized in vivo genotypic and phenotypic 
correction of the albino mutation in skin by RNA-DNA 
oligonucleotide. Nat Biotechnol 2000; 18:43-47.

78.  Mehta RC, Stecker KK, Cooper SR, Templin MV, Tsai 
YJ. Intercellular adhesion molecule-1 suppression in 
skin by topical delivery of antisense oligonucleotides. J 
Invest Dermatol 2000; 115:805-812.

79.  Brand RM, Hannah TL, Nor r i s J , Ive r sen PL. 
Transdermal delivery of antisense oligonucleotides can 
induce changes in gene expression in vivo. Antisense 
Nucleic Acid Drug Dev 2001; 11:1-6.

80.  Zhang L, Li L. An Z, Hoffman RM, Hofmann GA. In 
vivo transdermal delivery of large molecules by pressure-
mediated electroincorporation and electroporation: a 
novel method for drug and gene delivery. Bioelectrochem 
Bioenerg 1997; 42:283-292.

81.  Alvarez-Figueroa MJ, Delgado-Charro MB, Blanco-
Méndez J. Passive and iontophoretic transdermal 
penetrat ion of methotrexate. Int J Pharm 2001; 
212:101-107.

82.  Matsuyama K, Nakashima M, Nakaboh Y, Ichikawa M, 
Yano T, Satoh S. Application of in vivo microdialysis to 
transdermal absorption of methotrexate in rats. Pharm 
Res 1994; 11:684-686.

83.  Panchagnula R, Desu H, Jain A, Khandavil l i S. 
Feasibility studies of dermal delivery of paclitaxelwith 
binary combinations of ethanol and isopropyl myristate: 
role of solubili ty, parti t ioning and lipid bilayer 
perturbation. IL Farmaco 2005; 59:839-842.

84.  Simeonova M, Velichkova R, Ivanova G, Enchev V, 
Abrahams I. Poly(butylcyanoacrylate) nanoparticles 
for topical delivery of 5-fluorouracil. Int J Pharm 2003; 
263:133-140.

85.  Pearlman DL. Weekly pulse dosing: effective and 
comfortable 5-fluorouracil treatment of multiple 
facial actinic keratoses. J Am Acad Dermatol 1991; 
25:665-667.

86.  Stanimirovic A, Stipic T, Skerlev M, Basta Juzbas 
A. Treatment of cutaneous leishmaniasis with 20% 
paromomycin ointment. J Eur Acad Dermatol Venereol 
1999; 13:214-217.

87.  Vardy D, Barenholz Y, Naftoliev N, Klaus S, Gilead 
L, Frankenburq S. Efficacious topical treatment for 
human cutaneous leishmaniasis with ethanolic lipid 
amphotericin B. Trans Royal Soc Trop Med Hygiene 
2001; 95:184-186.

88.  Wang S, Kara M, Krishnan TR. Transdermal delivery of 
cyclosporin-A using electroporation. J Control Release 
1998; 50:61-70.

89.  Verma DD, Fahr A. Synergistic penetration enhancement 
effect of ethanol and phospholipids on the topical 
delivery of cyclosporin A. J Control Release 2004; 
97:55-66.

90.  Russel JJ. Topical tacrolimus: A new therapy for atopic 
dermatitis. Am Fam Physician 2002; 66:1899-1902.

91.  Cevc G, Blume G. Biological activity and characteristics 
of triamcinolone-acetonide formulated with the self-
regulating drug carriers, Transfersomes. Biochim 
Biophys Acta 2003; 1614:156-164.

92.  Cevc G, Blume G. New, highly efficient formulation of 
diclofenac for the topical, transdermal administration in 
ultradeformable drug carriers, Transfersomes. Biochim 
Biophys Acta - Biomembranes 2001; 1514:191-205.

93.  Escribano E, Calpena AC, Queral t J , Obach R, 
Doménech J. Assessment of diclofenac permeation with 
different formulations: anti-inflammatory study of a 
selected formula. Eur J Pharm Sci 2003; 19:203-210.

94.  Curdy C, Kalia YN, Naik A, Guy RH. Piroxicam 

72



www.ddtjournal.com

Drug Discov Ther 2008; 2(2):64-73. 

del ivery in to human s t ra tum corneum in v ivo : 
iontophoresis versus passive diffusion. J Control Release 
2001; 76:73-79.

95.  Paolino D, Ventura CA, Nisticò S, Puglisi G, Fresta M. 
Lecithin microemulsions for the topical administration of 
ketoprofen: percutaneous adsorption through human skin 
and in vivo human skin tolerability. Int J Pharm 2002; 
244:21-31.

96.  Sugibayashi K, Yanagimoto G, Hayashi T, Seki T, Juni K, 
Morimoto Y. Analysis of skin disposition of flurbiprofen 
after topical application in hairless rats. J Control 
Release 1999; 62:193-200.

97.  Stéphane Kuenzli, Jean Hilaire Saurat. Effect of topical 
PPARb/d and PPARg agonists on plaque psoriasis: A 
pilot study. Dermatology 2003; 206:252-256.

98.  Wraight CJ, White PJ, McKean SC, Fogarty RD, 
Venables DJ, Liepe IJ, Edmondson SR, Werther GA. 
Reversal of epidermal hyperproliferation in psoriasis 
by insulin-like growth factor I receptor antisense 
oligonucleotides. Nat Biotechnol 2000; 18:521-526.

99.  Hodak E, Gottlieb AB, Anzilotti M, Krueger JG. The 
insulin-like growth factor 1 receptor is expressed by 
epithelial cells with proliferative potential in human 
epidermis and skin appendages: correlation of increased 
expression with epidermal hyperplasia. J Invest Dermatol 
1996; 106:564-570.

100.White PJ, Fogarty RD, Werther GA, Wraight CJ. 
Antisense inhibition of IGF receptor expression in 
HaCaT keratinocytes: a model for antisense strategies in 
keratinocytes. Antisense Nucleic Acid Drug Dev 2000; 
10:195-203.

101. M Friedrich, K Vollhardt, R Zahlten, W Sterry, G Wolff. 
Demonstration of antipsoriatic efficacy of a new topical 
formulation of the small molecule selectin antagonist 
bimosiamose. European Congress on Psoriasis 2004. 
Paris, France, 2004.

      (Received March 8, 2008; Revised March 27, 2008; 
Accepted April 7, 2008)

73


