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ABSTRACT
A topical drug-delivery system is the most accepted drug delivery system. One of the 
pre-requisites for a topical formulation is its ability to penetrate the skin membrane to 
elicit the intended action. Many in vitro skin permeation studies are reported by scientists 
to evaluate the penetration of the drug into human skin. Several direct methods including 
tape stripping, in vitro percutaneous studies measures skin tissue concentration. While 
indirect methods like plasma collection, micro-dialysis etc. the information produced is 
translated and transformed to offer details of skin tissue concentration. The present 
review focuses on various techniques in use for the estimation of topical drugs to assess 
skin permeation, along with their merits and demerits and challenges encountered in 
them. Additionally, this review also focus on limitations in topical drug development.
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INTRODUCTION 
The skin helps as a barrier which pre-
serves moisture in the body and prevents 
the invasion of  harmful exogenous sub-
stances such as irritants and allergens. The 
evidence reported suggesting that the ‘skin 
barrier’ have a role in the pathogenesis of  
a wide variety of  inflammatory skin disor-
ders, including contact dermatitis, psoriasis, 
atopic dermatitis and rosacea. Hence the 
current medicines in the treatment of  these 
disorders are typically the anti-inflammatory 
and anti-proliferative compounds.1-3 Skin 
has been the striking area for the pharma-
ceutical companies as it can offer the larger 
therapeutic window when compared to 
other forms of  drug delivery. Traditionally 
compounds have been applied to the skin to 
improve beauty and treat local conditions. 
In most cases these compounds applied 
topically are poorly absorbed probably due 
to the barrier effect of  skin, size and polar-
ity of  the drug molecule. Thus they are 

meant to remain on the skin surface (topi-
cal) such as sunscreens, insect repellents 
and antiseptics while others penetrate into 
the skin layers (transdermal) to target sites 
within the skin or just below it. To treat the 
conditions beyond the local site of  applica-
tion, transdermal delivery technology have 
been developed. By definition medications 
that are applied to the top of  the skin are 
referred as topical and here the drug pro-
duces a local effect by passive diffusion in 
the skin itself. While transdermal medica-
tions refer to medications that are applied 
to the skin but involve skin penetration 
enhancing technology that increase the 
amount of  drug that can cross the skin bar-
rier, often to the point that the drug can enter 
the systemic circulation and exert effects 
in areas other than the site of  application. 
The formulation of  dermal drugs started 
after 1950 with corticosteroids. Regard-
less of  impressive effectiveness, steroid use 
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restricted because of  the serious side effects witnessed 
when given systemically for a long period.4-6 The value 
of  topically delivered hydrocortisone flagged the way 
for additional developments of  steroid drugs. Over the 
years, the active development of  retinoid, Vitamin D3 
derivatives and immuno-suppressors have further dem-
onstrated the dermal potential for drug target classes 
with complicated safety profile. In the past fifteen years 
the drug companies have explored new mechanisms 
of  action of  drugs rather than using same old drug.7-9 
There are large number of  molecules despite having 
some potential advantages they cannot be used as drugs 
since they cause serious toxic effects when delivered 
systemically. Later, scientists have tried to be explored 
topical delivery for those drugs, but notable growth was 
not observed since the criteria for dermal drug delivery 
is far more different compared to oral or systemic drug 
delivery.10 Considering the necessity, patient compliance 
and ease of  drug delivery there as an ultimate need to 
develop topical drug candidates.

Why Topical Drug Delivery System
Topical delivery system is defined as the system which 
carries the drug into the contact with skin and through 
the skin.11 Topical drug delivery when compared with 
various other routes primarily with the oral approach, 
circumvents first pass metabolism along with other 
tediousness like effect of  pH, the occurrence of  
enzymes and gastric emptying time associated with the 
gastrointestinal tract.12-14 Additional benefits are: large 
area of  application in contrast with nasal or buccal cav-
ity, much better patient compliance and treatment ease 
and comfort of  application, chance of  self-medication, 
non-invasive administration, medicines with brief  bio-
logical half-life and narrow therapeutic window can be 
employed, easiness of  dose termination in the occur-
rence of  any negative responses, straight contact to 
desired site, acts as an alternative in conditions where 
oral dosing will not be possible.12,14,15 

Limitations in Development of Topical Drug 
Delivery Compared to Oral/Systemic Drug 
Delivery
The topical drug development is much more compli-
cated than the other types of  drug delivery like oral and 
systemic. In these types’ establishment of  desired (tar-
get) plasma concentration that is necessary for pharma-
cological effect in animal is possible. This concentration 
is further carried on to clinical trials 1 and 2 where the 
objective of  trial-1 would be to find a dose that will show 
pharmacological action in human volunteers if  this dose 
found to be secure in them then, it can be administered 
to the patients with self-confidence.10 Whereas in the 

topical drug development this desired plasma concen-
tration happens to be absent, this aspect complicates 
the development process since, there are no well-known 
methods to estimate the drug in dermal tissues, it 
enforces several queries during drug selection stage for 
instance 1) pharmacology of  drug 2) is enough drug 
reaching the desired site, these aspects further generate 
more questions on the proposed research concept.16 In 
the development process of  oral drugs scientists focus 
on key elements such as 1) whether the drug could be 
able to achieve high bioavailability to avoid subject to 
subject variation 2) is it possible to achieve the desired 
plasma concentration to show the pharmacological 
action. In order to understand these questions research-
ers must have an idea about physicochemical properties 
of  the drug.17-21 The so-called “rule of  5” has turned out 
to be popular as a rapid screen for compounds more 
likely to be poorly absorbed.21 Globally scientists have 
discovered four parameters that determine the solubil-
ity and permeability of  a molecule they are molecular 
weight, log P, number of  hydrogen bond donors and no: 
of  hydrogen bond acceptors. These parameters need to 
be set in a proper manner to get the desired solubility 
and permeability. Rigorous analysis was carried out to 
screen the molecules based on these four parameters, 
this has led to ‘rule of  5’. In the process of  analysis 
out of  these four parameters every parameter has cut-
off  score. Those scores has come close to 5 or mul-
tiples of  5 for high number of  molecules under analysis 
thus, this is mnemonically called as ‘rule of  5’.21 Vari-
ous other analysis has been also followed for screening 
of  compounds.22-26 Fascinatingly, in dermal medication 
development, this strategy is mostly unfinished. Cer-
tainly, experts Pugh et al. and Lipinsky has found some 
tools to identify the rate at which the molecule penetrates 
and flux towards the skin are enough for a molecule to 
provide enough skin concentrations.27,28 Considering the 
effectiveness, solubility and penetrability aspects but the 
absence of  data on the drug concentration in the skin 
tissue avoids such rules being recognized. Poor drug can-
didates are therefore, withdrawn from further develop-
ment with that strategy. The solitary tool continues to 
be in the usage is the use of  animal models. However, 
they show large differences in skin permeability across 
species. The other difficulty with topical drugs is their 
half-life inside the body. Currently, the idea of  half-life 
doesn’t exist in topical treatment yet. 
When there is a brand-new topical candidate for setting 
the clinical procedure frequently requires that a topi-
cal medication needs to be administered “twice a day”. 
Interestingly, this historical regimen was acknowledged 
by the patients. In case of  some topical medications 
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such as clobetasol propionate and fluticasone propio-
nate, this regimen proved incorrect since the administra-
tion of  drug for the single time have shown satisfactory 
efficacy. The circumstance of  the antifungal Lamisil® 
(terbinafine) happens to be impressive as single dose is 
as effective as once a day treatment for single week.29 
Nonetheless, the in-silico and PK/PD approaches have 
indicated exactly how they could be utilized to enhance 
or possibly predict pharmacology and turn into an 
important attribute to consider for the succeeding topi-
cal drug candidate.30

Challenges Encountered in Development Topical 
Drug Delivery

Membrane Integrity 

Now a days mostly the skin permeation studies are per-
formed using franz diffusion cell by means of  human 
skin epidermis.31 Thus, it is compulsory to identify the 
integrity of  that skin membrane under use because mem-
branes with poor integrity are likely to give false infor-
mation about drug penetration. The membrane integrity, 
is measured by electrical resistance and Trans Epidermal 
Water Loss (TEWL).32

Source of Skin
The permeation is also dependent on the skin source. 
Because the histology of  skin is different in every spe-
cies. Thus, the interchangeability of  skin penetration was 
observed in skin from different sources was found.33

Storage of Skin 
The skin is stored in a solution containing saline and 
glycerol because the salt increases the freezing point of  
the glycerol and do not encourage the formation of  ice 
crystals hence it protects the skin cells from disruption. 
It is a hygroscopic viscous liquid which is odor less and 
colorless with three hydroxyl groups and thus enhances 
water absorption. Glycerol has an excellent antibacte-
rial, antifungal and antiviral properties, as well as acts 
as a cry protectant for frozen tissue storage, because of  
its dehydrating properties resulting from strong binding 
to water which prevents the formation of  ice crystals 
which otherwise may cause damage to tissues.

Penetration
Literature states that, for a topical drug to elicit its phar-
macological action the primary criteria are to pass the 
skin barrier (stratum corneum) composed of  ceramides, 
free fatty acids and of  cholesterol as the main com-
ponents, its comportment is unlike other biological 
membranes.34 Till the present day many several meth-
ods and models are reported by the researchers to 
overcome the issue of  permeation to skin and enhance 

the drug permeation to the skin.35-37 However not all 
molecules suffer with the problem of  penetration. 
Only moderately lipophilic molecules of  weight <500 
Da and log P value 1-4 are probable to penetrate the 
skin well. Drugs which do not possess these physico-
chemical properties passive drug penetration becomes 
difficult. Suitable penetration improvement strategies 
could be used which include physical methods such as 
microneedles and iontophoresis or chemical methods 
such as use of  penetration enhancers.38-40 These strate-
gies focus on two components 1) to weaken the barrier 
properties 2) to vigorously drive the molecule across the 
skin. Penetration enhancers have occasionally been used 
synergistically.41-44A study performed by Martin et al., on 
the range of  gabapentin formulations e.g. hydrogels and 
creams revealed that the chemical penetration enhance-
ment method deployed has produced remarkable 
improvement in penetration when ethanol and dimethyl 
sulfoxide used as penetration enhancers and carbopol® 
was used as base in hydrogels, gabapentin compounded 
with the proprietary Lipoderm®.43 It is also reported 
that there is significant penetration enhancement of  
minoxidil nanoemulsion with chemical penetration 
strategy using the oleic acid and eucalyptol as penetra-
tion enhancers.44 However, Montenegro et al. describes 
that enhancement of  penetration is not always desirable 
in case of  sunscreens UV filters are used which may be 
toxic if  they reach the systemic circulation.45 He formu-
lated different formulations with UV filters, have shown 
penetration into the skin which is undesirable since they 
cause toxic effects. Hence one should be cautious while 
selecting the excipients for topical formulations.

Estimation of Drug Concentration in Skin
Estimation of  drug in the skin layers turn out to be 
very challenging job. Subsequently it involves skilled 
personnel to perform the task. Drug estimation in skin 
comprises of  many stages while performing the experi-
ment which needs to be handled carefully to evade the 
incorrect results. To assess the pharmacokinetics of  a 
drug in the skin, numerous methods are described by 
the experts. At this point we discuss about the meth-
ods which are accepted and used globally for day-to-day 
analysis along with their pros and cons. These methods 
are classified as direct methods which are often in vitro/
ex vivo methods and indirect methods which are often 
referred as in vivo methods. 

Direct Methods 

Tape stripping 

This method is extensively utilized for the determina-
tion of  drug concentration inside the Stratum corneum for 
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the drug applied topically. There is FDA guidance on 
this method and the method is beneficial to demonstrate 
the bioequivalence among two topical formulations. It is 
conducted by mounting skin on the cells of  Franz dif-
fusion apparatus subsequently drug is applied and the 
residual drug is eliminated by rubbing or washing then 
the drug present on the Stratum corneum is removed by 
sequential tape strips of  adhesive tape. Finally, the drug 
content of  those strips is determined. 
As Stratum corneum being the very first layer of  the skin, 
it is easy to sample and estimate the drug through an 
analytical method since higher concentrations of  the 
drug are present in upper layers. The technique has been 
used over the years because the quantification of  the 
level of  drug in Stratum corneum drastically improves the 
quality of  the data produced and this strategy can be 
used in vitro and is comparatively non-invasive. However, 
there are several questionable issues associated with this 
method which are discussed in the following section. 
Stratum corneum is the target of  drug delivery just in the 
case of  sunscreens and antifungals the debatable issue of  
cleansing procedure (skin surface contamination issue) 
which is an important issue which will be addressed 
later in the review. Accounting the first strip or not is 
yet another concern with the method, the literature 
reveals the inconsistency of  tape stripping method in 
the establishment of  bioequivalence and that questions 
the information produced from tape stripping.46 Adopt-
ing the conflicting information from the two expert 
laboratories on bioequivalence, the FDA removed the 
draft guidance on tape stripping in the year 2002 which 
had been published in 1998.47,48 The evidence shows 
that the microdialysis technique draws diverse conclu-
sions for bioequivalence as compared to tape stripping. 
Microdialysis is a cumbersome method with limitations, 
although the contamination challenges are certainly not 
found and the data generated is of  good quality.49-52 Skin 
contamination issue occur in this method as the device 
utilized for the skin biopsy may possibly carry a little 
drug which is unremoved during surface washing. Some 
inconsistencies of  data is reported by Surber et al. The 
other problem with this procedure is it determines the 
skin concentration of  both bound and unbound drug 
despite the fact we need only the unbound drug con-
centration.53,54

In vitro Percutaneous Studies

The process involves determining drug concentration 
inside the different skin tissues after topical drug appli-
cation in vitro. Usually, after elimination of  the analyzed 
topical formulation from the skin surface, the Stratum 
corneum is tape stripped, the epidermis as well as der-

mis are subsequently detached. Concentration in the 
three distinct tissues is exposed at that point. This can 
be performed effortlessly in vitro and offers in vitro drug 
concentration in all skin tissues. But skin contamination 
issue is found and it determines the concentration of  
both bound and unbound drug 

Challenges Encountered in the Performance of Direct 
Methods 

The most significant concern is “ Skin contamination 
issue” it takes place in the circumstances like, when 
the drug is applied on the skin the magnitude of  drug 
which penetrates is quite less to that of  the quantity of  
medicine which stays on the skin surface so, to get rid 
of  that drug appropriate cleaning procedure needs to 
be established to precisely quantify the portion of  drug 
penetrated in to the skin tissue.55 This task is attainable 
theoretically on a surface that is smooth, impermeable 
and hard but this happens significantly less with the 
human skin, which is porous, robust and soft. The small 
amount of  drug applied on the skin dries up entirely 
during the experiment and from the situation mentioned 
previously, we can realize that there must be a validated 
cleaning procedure to eliminate the drug applied on the 
skin. From the table shown (Table 1) we can see that 
only 0.24 % of  drug is permeated from the formulation, 
hence there is a need of  effective washing procedure 
such that one can find sureness in reporting the dose 
recovered inside the skin tissue. Therefore the difficulty 
is that it is not feasible to validate the washing procedure 
protocol as validation of  the protocol could often hap-
pens at time t0 period of  formulation application which 
is considered as option 1 or perhaps at later time t which 
is considered as option 2 as shown in Figure 1. 
With option 1, the formulation is still a semi-solid, 
for this reason it is practically too easy to sample and 
remove which is considered to be less difficult than to 
sample after the formulation has dried as in option 2. 
Even though the sampling in case of  option 1 is less 
difficult the results of  samples analysis shows inconsis-
tent results because human skin is porous and smooth 
making the validation of  the cleaning procedure dif-
ficult. Whereas in case of  option 2 sampling cannot 
be performed once the formulation had become dry 

Table 1: Percentage of dose crossing the skin on ap-
plication of a 2% w/w topical formulation.

Amount of formulation applied (mg/cm2) 20

 Drug applied (μg/cm2) 200

Average flux through skin over 24 h(ng/cm2/h) 20

Quantity permeated in 24 h/cm2 (μg) 0.48

Dose permeated vs dose applied (%) 0.24
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tion. This brings up a bit of  discomfort and occasionally, 
absence of  self  confidence in such methods and data as 
a result of  the struggle in their interpretation. In case 
they are considerably more bothersome to understand, 
they don’t possess the skin surface contamination issue 
and consequently, these are distinctive related to direct 
methods. Various other advantages of  this specific tech-
niques are concentration obtained is only of  unbound 
drug while in direct ways, solely total tissue concentra-
tion is attained.

Plasma Collection

By this method the bioavailability of  the drug can be 
assessed through collection of  plasma. One can know 
about the total percutaneous flux of  the drug provided 
the systemic clearance of  the drug is already estab-
lished.56 If  excreta samples are used to identify the 
concentration of  the drug, then the drug applied must 
be radiolabeled or larger amount of  the drug must be 
eliminated in unchanged form and this proportion must 
be well defined. The advantage of  this method is that 
it can be employed in the advancement of  oral drugs 
since it is a relatively non-invasive and most importantly 
the skin contamination issue is not associated with this 
technique. Nevertheless, the proportionality between 
drug in plasma or excreta with respect to drug present 
in different layers of  the skin is not well established. 
Generally, concentrations of  the topically applied drugs 
in the plasma or excreta are very low. Hence very sensi-
tive analytical techniques are necessary for the quantifi-
cation. The other potential limitation with this method 
is while performing preclinical studies on rats, contami-
nation of  blood samples might occur since the drugs 
are applied on the skin. The other aspect is rats are 
frequently involved in grooming behavior which may 
remove the drug from the site of  application

Microdialysis

Through this technique the concentration of  drug in 
the extracellular space of  the skin can be measured. It 
involves insertion of  microdialyis fibers into the skin. 
Subsequently the fiber is perfused with physiological 

Figure 1: Efforts made to validate the washing procedure.

Figure 2: Tape stripping of the Stratum corneum.

into a thin matrix in the Stratum corneum because by 
that time some drug material would have penetrated 
the skin. This makes validation impossible to perform 
as the dose recovery will be difficult. This makes any 
validation, impossible to perform. As a result of  these 
limitations these direct procedures often face with the 
problem of  overestimation of  the drug. In order to 
minimize this skin contamination issue, one can con-
sider not to count the stratum corneum. This might be 
achieved by tape stripping as this ought to eliminate the 
drug stuck on the skin surface. The limitation with this 
method is removal of  Stratum corneum cannot performed 
homogeneously. The appearence of  a glistening layer 
confirms the complete removal of  Stratum corneum and 
counting the number of  tapes is not a reliable method 
to confirm the complete removal of  stratum corneum. 
This is difficult to observe the appearance of  glistening 
layer in vitro and is better noticeable in vivo. Moreover, 
there is no uniformity in this technique as shown in the 
Figure 2 where part of  the Stratum corneum could remain 
existing which could overestimate the epidermis con-
centration. The other problem that could encounter is 
to establish a proportionality between percutaneous flux 
and concentration in the skin. Knowing the fact that 
retention of  drug in the viable epidermis and dermis is 
not possible, proportionality should exist between flux 
and skin concentration. When this does not happen, a 
strong suspicion needs to point towards a contamina-
tion of  the epidermis tissue sampled.

Indirect M�ethods
These techniques are much less convenient in compari-
son with direct processes. Certainly, they usually require 
a lot of  more subtle bio analysis techniques and the 
information produced need to be translated and trans-
formed to offer details on your skin tissue concentra-
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fluid which gathers tiny molecules around the fiber. The 
sample recovered from the fiber is protein free. This is 
used to decrease the inflammation caused due to inser-
tion of  fiber. Later drug is applied above the area where 
fiber was inserted. Afterwards a little amount of  sample 
is collected.57 Holmgaard et al. have specified the method 
evidently (Figure 3). The perfusate is pumped through 
the fiber at a predetermined low flow rate. The perfus-
ate passes through the membranaceous portion, which 
is 1 to 4 cm long during which the dispersion of  small 
molecules across the membrane takes place. The per-
fusate here is termed as dialysate.58 There happens to 
be two cases in this method first case includes simply 
measuring the concentration of  fluid collected, which 
is proportional to concentration in the dermis and in 
this case critical parameter to be established is recovery 
from the microdialysis fibers (micro dialysis fiber recov-
ery factor) which is needed to define the extracellular 
concentration of  drug. The latter case is following no 
net flux method (NNF). In this method 4-6 fibers are 
infused each fiber cover individual concentration the 
range prescribed. Final recovery from dermis corre-
sponds to infused concentration i.e. there is no change 
in concentration infused and recovered. 
This method is in vivo and there is zero “contamination 
issue” provided that the factors of  entrance and exit 
of  the fiber in and out of  your skin are well separated 
from the spot where the topical drug is applied. Another 
advantage of  this method is this method uses a small 
area which limits the exposure and therefore the tox-
icity issues. However, this is somewhat tricky method 
and invasive method to set up. The drug concentration 
within the samples is usually low, particularly with lipo-
philic permeants. Measurement of  such low levels will 
require the use of  competent analytical techniques typi-
cally. Validity of  the concentration defined is determined 
by the “microdialysis fibre recovery factor” used, which 
is established beyond the in vivo quality and is typically 

poorly estimated.59-61 However the retrodialysis technique 
when utilized in vivo as discussed by Stahle et al. is recog-
nized as a right way of  estimating in vivo restoration and 
it is being used by an expanding number of  microdialysis 
groups as an abbreviated technique of  the NNF strategy 
as it doesn’t need equilibration.62 It also involves lengthy 
equilibration time and dependable microdialysis fibres 
(that don’t block over time).63 Although this method has 
some limitations in the drug discovery stage this method 
is well suited for bioequivalence studies.

CONCLUSION 
The success of  a topical formulation depends on its 
ability to penetrate the skin membrane to elicit the 
intended action. Although many in vitro skin permeation 
studies like direct and indirect methods are available to 
the scientists to evaluate the penetration of  the drug 
through the human skin. Indirect methods like micro-
dialysis technique was found to be the best as it gives all 
possible information. However tough analytical issues 
do not make the microdialysis as appropriate technique 
during dermal drug development process especially 
at drug discovery stage. The other techniques give the 
required information regarding the tissue concentration 
but there are reported limitations as we have discussed 
in this review. The only method other than microdialysis 
not having skin contamination issue is plasma collection 
and in vitro percutaneous study. However, in percutane-
ous study also the link between tissue concentration 
and plasma concentration is not known. Totally, it gives 
the impression that none of  the presently existing tech-
niques assist in quantifying the concentration of  drug in 
the skin after the topical application. All the methods are 
either defective with the skin contamination issue com-
bined with concentration determination issue attributed 
due to determination of  both unbound and bound drug 
levels but not the desired unbound drug or they are very 
complex to use as tools during the drug discovery stage 
or per se they do not effectively determine the skin con-
centration. Looking at these challenges one should be 
very cautious while selecting the drug candidate for the 
topical drug delivery.
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Figure 3: Principle of microdialysis sampling by a linear fiber.



Gadde, et al.: Challenges in Skin Penetration and Assessment of Topical Formulations

S472� Indian Journal of Pharmaceutical Education and Research | Vol 53 | Issue 4 (Suppl) | Oct-Dec, 2019

ABBREVIATIONS
PK/PD: Pharmacokinetics/Pharmacodynamics; 
TEWL: Trans Epidermal Water Loss; FDA: Food and 
Drug Administration; NNF: Net Flux Method.
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SUMMARY
•	 The topical drug development is very difficult 

process since there are lot of  critical parameters 
such as drug penetration, estimation which still 
need to be developed in a way to overcome the 
challenges such that the data produced is reliable 
and confident.

•	 Hence development of  a better, low cost pen-
etration enhancement strategies and validated 
method to determine the concentration of  drug 
in skin would be helpful in future of  topical drug 
development.
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