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Evaluate potential in vitro percutaneous absorption and 
penetration differences of human dermatomed skin and 
dermis-only skin following topical application of two 
model compounds under conditions with different flow 
rates and receptor phase compositions used with the 
Bronaugh Flow-Through Diffusion Cell system.   
Clotrimazole and hydrocortisone, both at 1% in a cream 
emulsion formulation, were selected as model  
compounds1 based upon their clinical topical use as 
antifungal and steroidal anti-inflammatory agents, 
differences in partition coefficient (Log Ko/w

2 6.26 and 
1.62), but comparable molecular weights3 (344.8 and 
362.5 g/mol), respectively.  Skin penetration of the 
model compounds should inversely correlate with 
relative saturation of compound in the receptor phases 
after exceeding sink conditions.  Relative saturation 
(dependent upon skin permeability, model compound 
solubility in receptor phase, and receptor phase flow 
rate) will be characterized to assess whether sink 
conditions are met under the various experimental test 
situations.

Dermatomed Skin (Donor 1) 0.836 +/- 0.112
Dermatomed Skin (Donor 2) 0.828 +/- 0.101
Dermatomed Skin (Donor 3) 0.678 +/- 0.108

Dermis-Only (Donor 1) 1.488 +/- 0.304
Dermis-Only (Donor 2) 1.124 +/- 0.194
Dermis-Only (Donor 3) 1.549 +/- 0.202

Tissue Thickness (mm), Mean +/- SD

Clotrimazole and hydrocortisone emulsion creams1 (10% 
Stearyl alcohol, 5% Glycerin, 2% Isopropyl Myristate, 1% 
API, q.s. deionized water) were manufactured with  
1µCi/dose of 3H-clotrimazole or 3H-hydrocortisone.  3H- 
Clotrimazole or 3H-hydrocortisone were added to the oil 
phase along with sufficient unlabeled API to achieve 1% 
API in the two emulsion creams.  

All tissues were mounted in Bronaugh Flow-Through  
Diffusion Cells at 32oC and dosed with a clinically  
relevant amount (5mg/cm2) of either 1% 3H-clotrimazole 
or 1% 3H-hydrocortisone emulsion cream.  Degassed  
receptor phase (Phosphate Buffered Saline with 0.1%  
Sodium Azide and 1.5% Oleth-20 (Oleth), pH 7.4, or  
Phosphate Buffered Saline with 0.1% Sodium Azide and 
4% Bovine Serum Albumin (BSA), pH 7.4) was pumped 
across the underside of the tissue at three flow rates  
(0.25, 0.5 and 1.0 mL/hr).  

Human dermatomed and dermis-only skin from 3 donors 
and polysulfone filter (0.45µm pore size) controls were 
evaluated over a 24-hour duration following topical  
application of cream.  

3H-Clotrimazole - 24 Hour Exposure 

3H-Clotrimazole Permeation in Polysulfone Membrane
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0.25 mL/Hr - BSA
0.5 mL/Hr - BSA
1.0 mL/Hr - BSA
0.25 mL/Hr - Oleth
0.5 mL/Hr - Oleth
1.0 mL/Hr - Oleth

5.6 µg

7.2 µg

7.2 µg

9.1 µg

8.1 µg

12 µg

1.9 µg

1.7 µg
1.3 µg
1.4 µg
0.92 µg
0.81 µg

Solubility of API in 
Receptor Phase
BSA = 2.7 µg/mL
Oleth = 6.7 µg/mL

3H-Clotrimazole Permeation in Dermatomed Skin
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3H-Clotrimazole Permeation in Dermis-Only Tissue
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Cumulative Permeation of 3H-Clotrimazole acrossed Dermatomed Skin at 24 Hours
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3H-Hydrocortisone - 24 Hour Exposure

3H-Hydrocortisone Permeation in Polysulfone Membrane
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3H-Hydrocortisone Permeation in Dermatomed Skin
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3H-Hydrocortisone Permeation in Dermis-Only Tissue

0

5

10

15

20

25

30

0 6 12 18 24

Time (hours)

Pe
rc

en
t S

at
ur

at
io

n

0.25 mL/Hr - BSA
0.5 mL/Hr - BSA
1.0 mL/Hr - BSA
0.25 mL/Hr - Oleth
0.5 mL/Hr - Oleth
1.0 mL/Hr - Oleth

8.3 µg

7.2 µg

7.6 µg

5.2 µg
9.0 µg

8.4 µg

1.2 µg

0.67 - 1.5 µg
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Proper tissue procurement and thickness 
demonstrated to be the key component of consistent 
study results in a successful in vitro permeation 
study.  Tissue thickness illustrated to be much more 
important than flow rates or receptor phase type.  
Preparation of the tissue as well as mounting of the 
tissue onto the cells are key factors for tissue 
structure to remain intact.

Appropriate sink conditions for drug permeation were 
observed when API saturation levels were below  
30% with both receptor phase compositions. 
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Results

Objective 

Tissue Source and Preparation
Human abdominal skin was obtained and prepared  
within 24 hours following elective surgery from three  
donors.  The epidermis along with approximately the 
upper quarter to a third of the dermis was collected by 
dermatoming the skin at a setting of 0.813mm thickness 
(0.032”) on a Padgett Model-B dermatome.  The  
remaining dermis-only tissue was also collected for  
study as a model for wounded skin.  Tissues were then 
stored frozen at -20 ºC in vacuum-sealed packages  
prior to use.  Tissue thickness was measured using a 
snap gauge micrometer.

Experimental Details

Methods

Polysulfone Membrane
Contrary to Skelly, who postulated that flow rates with 
saturation above 10% will not maintain favorable  
environment for sink conditions7, the result s 
demonstrated in this study show that the amount of API 
delivered was comparable across flow rates when the 
API saturation levels stayed at or below 30%.
(3H)-Clotrimazole: 
Penetration at the 0 - 6 hour time point with the BSA 
receptor phase at 0.25 mL/hr flow rate resulted in more 
than 100% saturation in the receptor phase.  This  
demonstrates the potential for co-eluding formulation 
excipients to increase drug solubility in the receptor  
phase.  In addition, the amount of API released was 
lower with the higher percent saturation, demonstrating 
that flow rates and API saturation in receptors have an 
inverse relationship.  
(3H)-Hydrocortisone: 
Penetration based on mass of hydrocortisone delivered 
remained relatively the same across flow rates and the 
two receptor phases at all time points.  

Dermatomed Skin
Appropriate sink conditions were maintained under all 
experimental test conditions.  Skin permeation of the 
drug was observed to be sensitive to the tissue 
thickness per donor.  The amount of API penetration 
after 24 hours was comparable across flow rates with 
donors of similar thickness.  Tissue thickness of  
~0.8mm appears to be the ideal thickness for  
dermatomed skin.  Hydrocortisone penetration through 
dermatomed skin was more variable donor to donor  
than Clotrimazole, but API penetration was more  
variable with the thinner donor.  This observation  
indicates the importance of using the proper tissue 
thickness in addition to source of tissue used for in vitro 
percutaneous absorption studies.

Dermis-Only Skin
Appropriate sink conditions were maintained under all 
experimental test conditions.  Tissue thickness of 1.5 
mm appears to be the ideal thickness for dermis-only 
tissue.  As seen with dermatomed skin, flow rates and 
receptor variations were similar in the thicker tissue and 
were more variable in the thinner donors.  Penetration 
of the dermis-only skin was greater than the much 
thinner dermatomed skin, showing the significant role 
that the stratum corneum has in skin barrier function.  
Proper tissue procurement and preparations matter 
more than flow rates and receptor types.  Appropriately- 
sized arch punches must be used in order for the tissue 
to remain in its natural, unstretched form.  
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Conclusion
Discussion

Flow rates used in in vitro studies have been  
documented to vary from 1.5 to 5 mL/hr 4-5; this study 
was designed to investigate if drug penetration is  
affected by flow rates ranging from 0.25 to 1.0 mL/hr 
and if sink conditions could be maintained based on API 
solubility in each receptor phase.  Comparable mass of 
API was observed in the receptor phase at flow rates of 
0.5 mL/hr and 1.0 mL/hr.  Whereas, with 0.25 mL/hr, a 
slight decrease in drug permeability was observed,  
most likely due to API increased saturation in the 
receptor phase.

This demonstrates that lower flow rates can be used 
depending on the solubility of the API in the receptor 
phase and penetration rate of the API. A lower flow rate 
may be advantageous when receptor phase is to be 
analyzed for API content by HPLC, LC/MS/MS or  
LC/UV because decreasing the flow rate increases 
receptor phase concentration of API.  The BSA receptor 
phase (the more physiologically relevant composition) 
had lower solubility for both API’s than the respective 
Oleth receptor phase. Consistent with previous work6, 
the BSA and Oleth receptor phases demonstrated 
comparable API skin permeation results despite API  
solubility differences.  

Discussion, cont.
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