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Abstract
Objective: Transdermal hormonal drugs without protective covering may pose a risk for skin-to-skin hormone transfer through 

contact from the dosed to undosed person. Currently, no in vitro methodologies are available to assess the potential risk of skin-
to-skin drug transfer. This study aimed to develop an in vitro permeation test (IVPT) to evaluate the impact of use conditions (e.g., 
dosing duration and skin-to-skin contact time), on the potential risk of skin-to skin transfer of hormonal drugs.  

Method: The risk of hormone transfer from the dosed skin to undosed skin was evaluated by employing human cadaver 
dermatomed skin mounted on vertical diffusion cells under various use conditions. Testosterone and estradiol transdermal 
hormonal gels were used as model hormonal products.  

Results: Extent of hormone permeation through dosed skin was found directly proportional to the dosing duration of the 
formulation. Following dosing duration of 0.5-2 h, drug transfer from the dosed to undosed skin approached equilibrium after 24 h 
of skin-to-skin contact time. Following dosing duration of 8 h, drug transfer from dosed to undosed skin increased proportionally 
and significantly (p<0.05) after skin-to-skin contact times of 0.5-8 h.  

Conclusion: A validated IVPT method may be used as a predictive tool to evaluate how dosing duration and contact time may 
affect the potential for skin-to-skin transfer of a hormonal drug.  This IVPT tool could ultimately be utilized to develop drug products 
with a lower risk of skin-to-skin transfer and assess or mitigate skin-to-skin transfer risk of existing hormonal transdermal drugs.

Keywords: In Vitro Permeation Test (IVPT); Skin-to-skin transfer; Dosing duration; Topically applied drug products; Hormonal 
replacement therapy

Introduction
Hormonal drugs for replacement therapy are commonly ad-

ministered via a transdermal route of drug administration. Hor-
mone administration via a transdermal route has the advantage 
of by-passing the first-pass metabolism and minimizing the side 
effects that may be associated with peak plasma drug concentra-
tions as is the case in oral administration [1]. Various topical drug  
products such as gels, creams, emulsions, sprays, or patches are 
employed for transdermal hormonal drug delivery. Although gels, 
creams, emulsions, or sprays are generally preferred over patches 
due to their lower skin irritability [2], a disadvantage of these topical  

 
products is their lack of protective covering without which residual 
hormonal products could pose a potential risk of drug transfer to 
others who may inadvertently come in direct skin-to-skin contact 
with the dosed skin. For instance, a small fraction of testosterone 
has been demonstrated to be systemically absorbed through the 
stratum corneum while most of the hormone remained unabsorbed 
on the skin surface of a patient for a longer period of time [3,4]. This 
unabsorbed hormone on the skin surface of a patient poses a risk of 
drug transfer via skin-to-skin contact to a non-patient. While trans-
dermal testosterone and estradiol may provide substantial clinical 
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benefit to a patient, these hormones may also lead to serious side 
effects to non-patients if transferred via inadvertent skin-to-skin 
contact such as hormonal imbalance. This risk has been described 
via several case reports in which children suffered pronounced vi-
rilization, early puberty, and premature epiphyseal closure of the 
bones due to secondary exposure to testosterone gel through skin-
to-skin contacts with male patients [5-9]. Additionally, children also 
experienced nipple swelling or breast enlargement due to transder-
mal estradiol exposure through contacts with female patients [10]. 
Skin-to-skin transfer of testosterone gel to women through male 
contacts has been reported to result in hirsutism, acne, coarsening 
of the voice, clitoral hypertrophy and male pattern alopecia [11,12]. 
Importantly, clothing has been shown to decrease the transfer of 
testosterone by preventing direct skin-to-skin contact [13,14] and 
washing of testosterone gel from the skin has been shown to signifi-
cantly reduce the risk of skin-to-skin drug transfer [15].  

The potential of drug transfer via skin contact with non-pa-
tients has been investigated in several pharmacokinetic clinical 
studies. In these studies, volunteers made physical contact of their 
dosed skin with the undosed skin of non-patients for a certain du-
ration [4,15-17]. These studies were performed under a variety 
of occlusive or non-occlusive conditions [15,18]. However, these 
studies do not necessarily replicate the natural states of patients 
in which skin contact may be prolonged due to, for instance, inti-
mate contact. Duplicating such studies with prolonged contact to a 
high degree of fidelity would be challenging. Moreover, conducting 
studies that expose non-patients to potentially toxic doses of drugs 
with their deleterious side effects for extended periods of time is 
not ethically appropriate. This is rendered even more challenging 
as in vivo animal studies are not considered suitable to extrapolate 
to human subjects because the animal skin (or fur) is structurally 
not similar to human skin. This leaves only in vitro approach for 
assessing the potential risk of drug transfer through skin contact, 
which to our knowledge has not yet been investigated. 

The objective of the present study was to develop an in vitro 
permeation test (IVPT) to assess the potential of skin-to-skin drug 
transfer by exposing human cadaver dermatomed skin to various 
hormonal drug products. This study evaluated the effect of various 
experimental conditions, such as different formulations, formula-
tion residence or wear time, and duration of skin-to-skin contact, 
on drug transfer. The formulation residence or wear time has been 
termed as dosing duration in this paper. Two model hormonal 
drug products were selected: AndroGel® (Testosterone 1.62%) and 
EstroGel® (Estradiol 0.06%). These two drug products were con-
sidered suitable for this study because there is a body of evidence 
establishing the clinically meaningful transfer of testosterone or es-
tradiol from dosed to un-dosed subjects [3,4,19].

AndroGel® and EstroGel® are hydroalcoholic gels. Androgel® 
contains 1.62% of testosterone. Other excipients include carbopol 
980, isopropyl myristate, sodium hydroxide, ethyl alcohol, and pu-
rified water. AndroGel® is indicated for the treatment of adult males 
with testosterone deficiency. One actuation of the pump delivers 
1.25 g of gel which is equivalent to 20.25 mg of testosterone. Andro-
Gel® is applied to the maximum surface area of the skin of the shoul-

ders and upper arms once daily [20]. EstroGel® contains 0.06% of 
estradiol (17β-estradiol). Other excipients include carbomer 934P, 
triethanolamine, alcohol, and purified water. EstroGel® is indicated 
for the treatment of moderate to severe symptoms of vulvar and 
vaginal atrophy due to menopause in women. One actuation of the 
pump delivers 1.25 g of gel which is the single approved dose and is 
equivalent to 0.75 mg of estradiol. EstroGel® is applied over a large 
area (750 cm2) of arm skin, from the wrist to shoulder in a thin 
layer [21]. 

Materials and Methods 

Materials
 AndroGel® (Testosterone gel 1.62%), lot # D90024A, exp. date 

03/2021 and EstroGel® (Estradiol gel 0.06%), lot # NHCR, exp. date 
08/20, and lot # PDBT, exp. date 03/2021 were purchased from 
Brookville Pharmacy (Rockville, MD). Testosterone and estradi-
ol USP reference standards were purchased from Sigma Aldrich 
Chemicals (St. Louis, MO). Acetonitrile and Methanol were pur-
chased from VWR International (Radnor, PA). All other solvents and 
materials used in the study were of analytical grade.

Skin Samples
The human cadaver dermatomed skin of 600 ± 200 µm thick-

ness obtained from shoulder and or thigh of donors of 40-60 years 
of age and free of any dermal diseases was purchased from Science 
Care (Phoenix, AZ USA) and stored at -80 °C.

Instrumentation
 The HPLC system consisted of an Agilent-1260 series (Agilent 

technologies, Santa Clara, CA, USA) equipped with a diode array de-
tector (DAD). Separation was achieved on a Phenomenex Luna C18 
column (4.6 mm × 150 mm, 5 µm packing) fitted with a Phenome-
nex Luna C18 (2) guard column. In vitro permeation experiments 
were performed by using Vision Microette 18-cell system (Teledyne 
Hanson Research, Chatsworth, CA).

Methods
IVPT method development 

An IVPT method was developed employing vertical diffusion 
cells to study the potential of drug transfer from a dosed skin to 
undosed skin through skin-to-skin contact. The diffusion cells, 
methodologies and study conditions utilized in the IVPT study were 
validated as per draft guidance for acyclovir topical cream 5% [22]. 
Briefly, vertical diffusion cells, consisting of a donor cell with cap 
(occlusive condition) or an open top (non-occlusive condition), and 
receiver cells of 12 mL capacity were used. The skin was thawed 
at room temperature and immersed in deionized water for hydra-
tion. The hydration medium was replaced with fresh medium three 
times every 10 minutes. The hydrated skin was dried with Kim 
wipes, cut into pieces of about 2.9 cm² to cover the exposure area 
of the receiver cell and examined visually for any surface damage 
with magnifying glass. The cut skin pieces were mounted onto the 
receiver cell orifices (1.72 cm2 diameter) with the stratum corneum 
side of the skin facing air and the dermal side in contact with the re-
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ceiver medium. The receiver medium consisted of phosphate buffer 
saline of pH 7.4 for testosterone and phosphate buffer saline with 
30% propylene glycol of pH 7.4 for estradiol. The receiver cham-
bers were examined to ensure the absence of air bubbles below the 
dermal side of the skin. The receiver medium was maintained at 32 
± 1ºC by circulating water to mimic physiological temperature of 
the human skin surface and stirred at 600 ± 50 rpm. The skin integ-
rity was tested by measuring trans-epidermal water loss (TEWL) 
with the help of a Vapometer. TEWL reading of 10 g/m2/h or lower 
ensured adequate hydration of skin. 

Approximately 280 ± 20 mg of testosterone gel equivalent to 
4.54 ± 0.324 mg of testosterone; or estradiol gel equivalent to 0.168 
± 0.012 mg of estradiol was applied on 1.766 cm2 of skin mounted 
on diffusion cell respectively. The gel was applied on the skin using 
a 1 mL positive displacement pipette and spread evenly over the 
entire skin surface with the help of a round-ended glass and then 

permeation experiment was started. The samples were withdrawn 
from the receiver medium at predetermined intervals throughout 
the course of permeation test for experiments A-C, described in the 
next subsection. The volume of receiver medium withdrawn was 
replaced by the fresh medium for maintaining the sink conditions. 
The drug permeated into the receiver medium, and drug recovered 
from dosed and undosed skins were quantified using validated 
HPLC methods.  

Investigations on the effect of use conditions on skin-to-
skin transfer

Three separate experiments (A, B, C) were carried out to study 
the effects of various use conditions to determine the potential for 
skin-to-skin drug transfer, as described in Table 1. Each experiment 
was replicated either four or six times based on the availability of 
skin. 

Table 1: Experimental design to investigate the effect of dosing duration and skin-to-skin contact time on the in vitro drug transfer.

Use conditions
*Experiment A **Experiment B ***Experiment C

A1 A2 A3 B1 B2 B3 C1 C2 C3 C4 C5

Dosing duration on the dosed skin (h) 0.5 1 2 0.5 1 2 8 8 8 8 8

Permeation time through dosed skin to receiver medium (h) 24 24 24 0.5 1 2 8 8 8 8 8

Skin-to-skin contact time (h) N/A 24 24 24 0.5 1 2 4 8

Permeation time through undosed skin to receiver medium (h) N/A 24 24 24 0.5 1 2 4 8

*Experiment A: Effect of dosing duration on drug permeation across dosed skin.
**Experiment B: Effect of dosing duration on skin-to-skin drug transfer to undosed skin.
***Experiment C: Effect of skin-to-skin contact time on drug transfer to undosed skin.

In the first experiment (A), the effect of dosing duration on the 
rate and extent of drug permeation from the dosed skin to the re-
ceiver medium in diffusion cell was investigated. For this purpose, 
the dosing duration for the dosed skin was varied from 0.5 to 2 h. 
while permeation was continued up to 24 h. in all cases. Briefly, the 
formulation was applied on the skin and after the specified dosing 
duration, the residual formulation was carefully removed from the 
dosed skin with the help of cotton swabs without interrupting the 
permeation experiment. For this purpose, three dry and three wet 
(water) cotton swabs were used. All experiments were performed 
under non-occlusive conditions (n=6) by leaving the donor cell ex-
posed to air. A control in vitro permeation test (n=6) under occlu-
sive condition was also performed where the donor cell was cov-
ered by a cap after applying the formulation and no formulation 
was removed from the skin surface. 

In the second experiment (B), the effect of dosing duration on 
drug transfer from the dosed to the undosed skin and subsequent 
permeation into the receiver medium was investigated. For this 
purpose, skin was dosed with the formulation exactly in the same 
fashion as in experiment A, where skin mounted on a diffusion 
cell was dosed for a specified dosing duration of either 0.5, 1 or 2 
h and permeation allowed into receiver medium under non-occlu-
sive condition. At the end of dosing duration, the experiment was 
stopped, and residual formulation was removed and cleaned from 

the dosed skin as described previously. Then the cleaned dosed 
skin was placed on an undosed skin that was already mounted on 
a diffusion cell containing fresh receiver medium. The dosed skins 
were placed on each other in such a way that the stratum corneum 
of both skins were in close contact with each other. A glass disc was 
carefully placed on the dosed skin and the cell was closed with a 
clamp to ensure intimate contact between the dosed and undosed 
skin. The permeation test was initiated to allow the skin-to-skin 
drug transfer for 24 h. The 24 h of skin-to-skin contact time is not 
likely to occur in real life. A longer contact time of 24 h of skin-to-
skin contact time was selected as a worst-case scenario to under-
stand the fate of drug retained by the dosed skin and its transfer 
to undosed skin which, in turn, helped us to design experiment C.

In the third experiment (C), the effect of various skin-to-skin 
contact time on drug transfer from the dosed to the undosed skin 
was studied. In this experiment the dosing duration of the dosed 
skin was kept constant for 8 h prior to bringing it in contact with 
the undosed skin. The cleaned dosed skin was then flipped over 
the undosed skin and secured to ensure skin-to-skin contact in the 
same way as previously described in experiment B. The dosed and 
undosed skins were then removed after a specified skin-to-skin 
contact time of either 0.5,1, 2, 4 or 8 h and permeation also stopped 
at the same time.  The schematic presentation of the experiments 
A-C is shown in (Figure 1).
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Figure 1: Upper panel: schematic presentation of experiments A-C employing vertical diffusion cells. Lower panel: a) image of 
residual gel on the dosed skin, b) clean dosed skin after washing off residual gel, c) undosed/fresh skin mounted on the diffusion 
cell with fresh medium underneath, d) dosed skin flipped over the undosed skin to enable skin-to skin contact, and e) removing 
skin at the end of the contact time for quantifying drug transfer.

Skin drug recovery

The dosed and undosed skins after removal from the diffusion 
cells were grounded into small pieces and then immersed in 5 mL of 
mobile phase. The skin in mobile phase was sonicated for 99 mins 
at 32 ± 0.5°C using a bath sonicator. The above skin samples were 
then centrifugated at 5000 rpm for 30 mins at 32 ± 0.5°C, followed 
by filtration. The filtrate was then analyzed by HPLC. 

Analytical method 

A reversed-phase HPLC method, adopted from literature, was 
used for the analysis of testosterone [23] and estradiol [24] contents 
in skin and receiver medium samples. Both methods were validated 
as per ICH Q2(R1) guidelines for specificity, linearity, accuracy, pre-
cision, range, limit of quantitation (LOQ), limit of detection (LOD) 
and system suitability [25]. Chromatographic separation of testos-
terone and estradiol were achieved on a Phenomenex Luna column 
using a methanol-water (70:30 v/v) mobile phase for testosterone 
and an acetonitrile-methanol-water (45:05:50 v/v) mobile phase 
for estradiol. Both compounds were eluted isocratically at a flow 
rate of 1 mL/min. Testosterone was analyzed with UV detection at 
254 nm. Estradiol was analyzed with UV detection at 280 nm. The 
injection volume was 10 µL. The calibration range for testosterone 
was from 5-100 µg/mL with limit of detection (LOD) of 0.1 µg/mL 

with an acceptable precision (< 10%). The estradiol peak was de-
tected by using DAD UV detector at 280 nm. The calibration range 
for estradiol was from 0.5-100 µg/mL with limit of detection (LOD) 
of 0.1 µg/mL with an acceptable precision (< 10%).  

Data and Statistical Analysis

The permeation parameters such as cumulative drug permeat-
ed (Eq. 1), steady state flux (Eq. 2) and percent drug permeated (Eq. 
3) were calculated per square centimeter (cm2) of the skin from 
the obtained AUC data using Eq. 1, 2 or 3, respectively [23,26,27]. 
The drug retention in the skin was normalized to a constant skin 
thickness of 373.33 µm for testosterone and 283.33 µm for estradi-
ol based on the original skin sample thickness. The drug concentra-
tion in each receiver medium sample was calculated by correcting 
the sampling effect according to the equation described by Hayton 
and Chen [26]. 

                                 dQ PAC t=                                                       Eq. 1

where Q is the cumulative amount of drug permeating through 
the skin, A is the surface area of permeation at a given time t, Cd is 
the amount of drug in donor chamber and P is the permeability co-
efficient obtained from the slope of a plot of cumulative permeation 
of drug across skin samples against square root of time.
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( ) ( )/c t donor receptorFlux J Dd d P C C= − = × −

        
 Eq. 2

where J is the flux of drug from donor to receiver chambers in 
µg/cm2/h, dc/dt is the concentration gradient, D is diffusion co-
efficient, P is the permeability coefficient of the skin tissue to the 
drug, Cdonor is the amount of drug in the donor chamber, and Cre-
ceptor is amount of the drug in the receiver chamber at the end of 
the study.              

                                                                                                                      Eq. 3

In case of experiment B and C, the amount of drug retained by 

the dosed skin following various dosing duration were back calcu-
lated using Eq. 4 below. The obtained total amount retained by the 
dosed skin was then considered as 100% loading amount of drug 
on the undosed skin during skin-to-skin drug transfer studies. All 
data were expressed as mean ± standard deviations, with either 
four or six experimental replicates. Statistical significance for each 
experiment was determined using one-way analysis of variance 
(ANOVA). A p-value of less than 0.05 was considered statistically 
significant. 

             Eq. 4

Results and Discussions

Effect of dosing duration on drug permeation 

Figure 2: Effect of dosing duration (0.5, 1 and 2 h) on testosterone permeation (mean ± SD of n=6). A) cumulative amount of drug 
permeated as a function of permeation time, B) percent testosterone permeation after 24 h, C) Flux of testosterone.

The results in Figure 2A show the effect of dosing duration 
0.5, 1, or 2 h on the cumulative amount of testosterone permeated 
through the dosed skin into the receiver medium. At dosing dura-
tion of 0.5, 1 and 2 h, the cumulative amount of testosterone that 
permeated through the unit surface area of skin following 24 h of 
permeation was found to be 3.63 ± 1.81, 5.0 ±3.52 and 5.6 ± 2.27 
μg/mL/cm2, respectively, under non-occlusive condition. Figure 2B 
shows the percent testosterone permeated through the dosed skin 
into the receiver medium was 2.3 ± 1.19, 2.7 ± 1.8 and 2.9 ± 1.17 % 
after 24 h of permeation when dosing duration was set at 0.5, 1 or 2 
h, respectively. Figure 2C shows the steady state flux of testosterone 

was 2.3 ± 0.16, 2.75 ±1.30 and 3.1±1.12 μg/mL/cm2/h for dosing 
duration of 0.5, 1, and 2 h, respectively. These permeation results 
clearly indicate that increase in the dosing duration from 0.5 to 2 
h exhibited an increase in testosterone permeation across the skin. 
However, the cumulative permeation or percent permeation was 
not statistically significant (p>0.05) at various dosing durations 
which may be attributed to close proximity of dosing durations to 
each other (0.5, 1 and 2 h). Notably, for the dosing durations of 0.5, 
1, or 2 h studied, the retention of testosterone in the skin after al-
lowing permeation for 24 h was found below the LOD.
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Contrary to the extent of testosterone permeation, the estradiol 
permeation in receiver medium was found below the LOD even af-
ter 24 h of permeation for all dosing durations (0.5, 1 and 2 h). This 
observation may be explained by assuming very slow permeation 
of estradiol. Therefore, estradiol could not permeate in detectable 
amounts into the receiver medium during the shorter dosing du-
ration of 0.5 to 2 h. On the other hand, in case of the control run, 

where the dosing duration was long enough (24 h) at occlusive con-
dition, estradiol permeated into receiver medium in measurable 
quantities, as shown in Table 2. The results in Table 2 for control 
show the percent estradiol permeated, cumulative estradiol perme-
ated, and estradiol flux were 34.37 ± 2.21, 2.63 ± 0.17 and 1.72 ± 
0.11, respectively. 

Table 2: In vitro permeation data of estradiol as control under occlusive conditions, (n=6).

Permeation parameters, Control
Estradiol

Mean ±SD

Percentage drug permeated after 24 h 34.374 2.213

Cumulative drug permeated after 24 h (µg/mL/cm2) 2.637 0.169

Flux (µg/mL/cm2/h) 1.719 0.110

The results in Figure 3 show that the retention of estradiol by 
the dosed skin was found to be 12.07 ± 1.63, 13.70 ± 3.16 and 22.78 
± 4.06 µg/cm2 when dosing duration was 0.5, 1 or 2 h, respective-
ly, after continuous permeation for 24 h. The retention of estradiol 
by skin clearly exhibited an increase in drug absorption when the 
dosing duration was increased from 0.5 to 2 h. However, the skin 
retention of estradiol was not statistically significant (p>0.05) for 

different dosing durations which may be attributed to the selected 
dosing durations (0.5, 1 and 2 h) being close in time to each other. 
The low permeation results of estradiol may be due to hormone 
accumulation in the subcutaneous region or due to estradiol’s rela-
tively high affinity for the lipophilic and hydrophilic interface of the 
stratum corneum and epidermis from where the drug may perme-
ate slowly into the circulation [27,28]. 

Figure 3: Estradiol retained by the skin (mean ± SD) after 24 h of permeation when dosing duration was varied from 0.5 – 2 h, (n=6).

Effect of dosing duration on skin-to-skin drug transfer 
The results in Table 3 show the effect of dosing duration on the 

testosterone transfer through skin-to-skin contact to undosed skin 
and into the receiver medium in contact with undosed skin. The 
testosterone recovered from the dosed skins following skin-to-skin 
contact of 24 h with undosed skins was 463.60 ± 60.28, 509.39 ± 
22.44 and 565.99 ± 100.09 µg/cm2 for dosing duration of 0.5, 1 
or 2 h, respectively. Testosterone absorbed and retained by the un-

dosed skin following the same skin-to-skin contact time and dosing 
durations was 426.35 ±83.69, 449.41 ± 66.32 and 455.31 ± 42.15 
µg/cm2, respectively. The cumulative amount of testosterone that 
finally reached into the receiver medium from the dosed through 
undosed skins was observed to be 5.19, 4.51 and 7.82 µg/cm2 after 
0.5, 1, or 2 h of dosing duration, respectively. These results indi-
cated that testosterone recovered from dosed skin, undosed skin 
or cumulative amount in the receiver medium all exhibited an in-
crease in drug transfer with increase in dosing duration. 

Table 3: Testosterone amount recovered from dosed skin, undosed skin and receiver medium after 24 h of skin-to-skin contact time 
(n=6).

Dosing Duration (h) 0.5 1 2

Testosterone recovered from dosed skin ± SD (µg/cm2) 463.60 ± 60.20 509.39 ± 22.44 565.99 ± 100.09

Testosterone transferred to undosed skin ± SD (µg/cm2) 426.35 ± 83.69 449.41 ± 66.32 455.31 ± 42.14

Cumulative testosterone transferred to the receiver medium across undosed skin ± SD
(μg/cm2) 5.19 ± 0.31 4.51 ± 1.75 7.82 ± 1.57
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After 24 h of skin-to-skin drug transfer, most of the retained 
drug was assumed to be transferred from the dosed to undosed 
skin after this duration of skin-to-skin contact time. Surprisingly, 
we did not observe such results. Instead, the amount of testoster-
one retained by both dosed and undosed skins were approaching 
close to each other for all dosing durations evaluated. 

The plot in Figure 4 shows that the ratio of testosterone distri-
bution between the dosed and undosed skin after 24 h of skin-to-
skin contact increased with increasing dosing duration. The testos-
terone distribution ratios between dosed and undosed skin were 
relatively close but the difference was statistically significant (p = 
0.0262, regression (R2) = 0.9983). The smaller ratio of testosterone 
distribution after 24 h of permeation may be attributed to the drug 
content in dosed or undosed skin which may be slowly approaching 

equilibrium. On the other hand, the amount of estradiol recovered 
from the dosed skin or undosed skin or from the receiver medium 
in contact with undosed skin following the same skin-to-skin con-
tact time after specified dosing duration were found below LOD for 
most of the cells (n=6). The possible reason for observing unde-
tectable lower estradiol retention by both dosed and undosed skins 
could be attributed to the equilibrium distribution of the estradiol 
in both dosed and undosed skins which further lowered the sen-
sitivity of the estradiol detection. Notably, the percent drug recov-
ered from the skin wash after each dosing period (0.5 to 2 h) were 
95- 98%. The cumulative estradiol permeation results for control 
formulation revealed that estradiol starts to appear in the receiver 
medium after 4 h during 24 h of permeation test study even though 
the estradiol formulation was kept on the skin intact for 24 h at 
occlusive conditions (Figure 5). 

Figure 4: Ratios of testosterone distribution or transfer between the dosed and undosed skin following 0.5, 1 or 2 h of dosing 
duration and 24 h of skin-to-skin contact (n=4).

Figure 5: Cumulative amount of drug permeated per unit surface area of the skin (μg/mL/cm2).

Effect of contact time on skin-to-skin drug transfer
The results in Figure 6  and 7 show the effect of changing skin-

to-skin contact time on drug transfer from the dosed skin to the 
undosed skin and into the receiver medium. The dosing duration 
was kept constant at 8 h for all dosed skins while the skin-to-skin 
contact time of dosed skin with undosed skin was varied from 0.5 
to 8 h. The percent testosterone recovered from the undosed skin 
after the specified skin-to-skin contact times, as shown in Figure 
6, were 15.50, 16.03, 21.81, 19.12 and 23.86%. The testosterone 
recovered from the receiver mediums in contact with the undosed 

skin were below LOD after up to 2 h of skin-to skin contact time and 
6.92 and 6.70% after 4 and 8 h of skin-to skin contact time, respec-
tively. The overall testosterone transfer from the dosed to undosed 
skin showed that testosterone transfer increased linearly and sig-
nificantly (p=0.000785, R2 = 0.985) with increasing skin-to-skin 
contact time. The testosterone content in the receiver medium after 
0.5 to 2 h of skin-to skin contact was found below the LOD because 
of shorter permeation time. Importantly, most of the results of the 
testosterone drug transfer did not exceed 50% of % relative stan-
dard deviation (RSD). The variability in these experiments was at-
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tributed to the inherent variability from differences in the donors’ 
race, age, sex, skin thickness and site of the skin source on the body 
and the pairing of two stratum corneum together. The results in Fig-
ure 7 show the effect of 0.5 to 8 h of skin-to-skin contact time on 
the estradiol transfer from the dosed to undosed skin and into the 
receiver medium following same dosing duration of 8 h. The per-
cent estradiol recovered from the undosed skins were 11.31, 15.62, 

19.58, 27.25 or 37.06%, as shown in Figure 7 for the respective 
contact times. In all cases, the permeated amount in the receiver 
medium via the undosed skins were found below LOD. Overall, the 
results clearly show a linear transfer of estradiol that significantly 
increased when the duration of skin-to-skin contact was increased 
(p= 0.00223, R2 of 0.9699). 

Figure 6: Effect of skin-to-skin contact time on the percent testosterone transfer from the dosed skin (after 8 h of dosing) to the 
undosed skin and into the receiver medium in contact with undosed skin after 0.5, 1, 2, 4 and 8 h of skin-to-skin contact time. The 

total drug retained by the dosed skin after 8 hr of dosing duration was back calculated by employing Eq. 4.

Figure 7: Effect of skin-to-skin contact time on the percent estradiol transfer from the dosed skin (after 8 h of dosing duration) 
to the undosed skin (including receiver medium containing undosed skin) after 0.5, 1, 2, 4 and 8 h of skin-to-skin contact time 
(obtained from Eq. 1). The total drug retention by the dosed skin after 8 hr of dosing duration was considered as 100% loading 

dose on the undosed skin for skin-to-skin contact study.

Conclusions 
The data provided by this work demonstrated that the poten-

tial risk of transdermal hormonal drug transfer to undosed persons 
through skin-to-skin contact with a dosed skin may be assessed 
by employing an in vitro permeation testing method. The extent 
of drug transfer to an undosed skin through skin-to-skin contact 

with a dosed skin may depend on the dosing duration of dosed skin 
and its duration of contact with undosed skin. An adequately de-
veloped and validated IVPT method may serve as a tool to quanti-
fy the extent of drug transfer from the dosed skin to undosed skin 
for product development of transdermal hormonal drugs or other 
transdermal drugs. 
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