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Comparison of skin permeability of drugs in mice and human cadaver skin 
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In vitro percutaneous absorption of four anti hypertensive drugs were carried out acros.> the mice and human cavader 
skin in order to compare thei r ski n permeabi lity. An interesting trend was noticed in these experiments. Poorly water so luble 
drug prazosin hydrochloride showed 13 times en hanced flu x in the mice sk in whereas the steady-state ll ux or the water 
soluble drug propranolol hydroch loride was almost same in both human cadaver and mice sk in . The permeat ion rate of 
prazosin hydrochloride and propranolol hydrochloride th rough the human cadaver skin lluctuatcd widely over time. hut in · 
mice skin , dist inct trends were noti ced. The study indicates that the overall permeation rate in mice skin is high.:r than that 
in the cadaver skin and the meeting of the target-flu x in mice skin docs not guarantee its good permeabilit y in hum.m skir1. 

With the renewed interest in the transdermal therapy, 
more and more researchers are trying to develop 

1-4 
systems suitable for dermal deli very . The first step 
of every transdermal screening is to conduct in vitro 
skin permeation experiments to find out , whether a 
drug has got the requ ired sk in-permeability . These 
experiments can lead to erroneous conclus ions, if the 
models used for such studies fail to offer res istance, 
comparable to the human skin . Since the barrier 
function of the skin vary widely from spec ies to 
species, it is customary to use of molecule of known 
penetration kinetics to assess the barrier function of 
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skin . This troublesome and lengthy assessment can 
be much simplified if the barrier properties of the skin 
belonging to different species could be studied and 

5 
correlated . 

In India, hairy mice are routinely used for 
transdermal screening because of their ava ilability , 
viability and reproducibility. In west, researchers 
normally use human cadaver skin as substitute for 
viable epidermis to study the penetration kinetics of 
the drugs. 

The aim of the present study is to investigate 
whether the resistance offered by human cadaver skin 
can be directly correlated to that of the mice skin with 
respect to four antihypertensive agents of different 
water solubility. 

Materials and Methods 
Drugs used in the study were Prazosin hydrochloride 

(Sun Pharmaceutical Industries, Gujarat) minox idil 
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Technology, Jadavpur University. Calcutt a 700 032. India 

(Dr. Reddy's Laboratories Ltd ., Hydembad), Atenolol 
(Parke-Davis Ltd ., Hyderabad) and propranolol 
hydrochloride (Cipla Ltd ., Mumbai). All the drugs 
were received as contributory sample. Chemica ls used 
include methanol (Quali gens), Octanol (Rolex Lab .) 
and gentamicin sulphate (Nicholas Piramal India 
Ltd. ). The cadaver abdominal sk in wa:-. obtained from 
23-35 years old ma les (Civ il Hospital , Raichur). 
Swiss albino mice were purchased from ational 
Institute of Nutrition, Hydcrabad . 

Solubility measuremellfs 
The solubility determinations were carri ed out by 

(• 

the meth od of Okumara et a/ . An excess amount of 
the drug was taken and di ssolved in measured amoun t 
of di stilled water in a glass vial to t:e t a saturated 
solution. The system was kept at res t for 24 hr at ?.7°C 
to assis t the attainment of equilibrium. The 
supernatant was filtered and assay d spectrophoto­
metricall y (Hitachi U-2000, Japan) at the suitable 
wavelengths. 

Partition coefficient determination. 
The octanol-water partition coefficient of the drugs 
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were determined by the method described by Wells . 
Ten ml of octanol was added to eq ual vo lume of 
aqueous solution of the drug of known concent rat ion 
in a separating funnel. The system was kept for 24 hr 
at 37°C with intermittent shaking. Finall y, the 
aqueous layer was separated, clarified by 
centrifugation and assayed. 

Skin permeation procedure (mice skin ) 
The in vitro diffusion experiment of the drugs were 

carried out using 6-8 week oil Swiss albino mi ce (Mus 
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musculus). Vertical type diffusion cells (Neutron 
Scientific, Calcutta) having a downstream volume of 
20 ml were used. The excised hairy skin was mounted 
as such on the diffusion cell and receiver 
compartment was filled with 20 ml of normal saline 
containing 0.016% gentamicin sulphate to preserve 
the skin from deterioration. 5 ml of aqueous drug 
solution ( I mg/ml) was pl aced in the donor 
compartment and the temperature was maintained at 
37°C. The sample from the receiver compartment 
were withdrawn at regul ar intervals and assayed. 

Skin permeation procedure (cadaver skin) 
Cadaver skin of 23-25 years old males were used 

for the permeation studies and the experiments were 
8 

done according to the procedure of Roy et al . 
Samples of skin were removed from the abdomen of 
cadavers within 48 hr afte r death . Epidermal layers 
were separated from the remaining skin by immersing 
each skin section in water at 60°C for 30 sec. 

The epidermis was teased from the dermis using 
forceps . The separated epidermal layer was used as 
such for the skin permeation studies . The epidermal 
layers were cut into small c ircular patches and 
checked immediately for any leaks before application 
of the drug solution. Each membrane was carefully 
mounted on the diffusion cell and permeation 
experiments were performed as per mice sk in . 

Data analysis 
The cumulati ve amount of the drugs ermeated per 
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unit skin surface area was plotted aga inst time and the 
slope of the linear portion of the plot was estimated as 

'J 

the steady-state flux (Jss) . The permeabi lity 
coefficient was calculated as , 

Kp=~ 
Cv 

where Cv ts the total donor concentration of the 
solute. 

In experiments, where steady-state could not be 
achieved the average permeati on rate was calcul ated 
by dividing the cumulati ve amount permeated wit h 
the duration of the experiment. 

Results and Discussion 
Transdermal literature abounds in data obtained 

from permeati on ex periments carried ou t with vari ous 
animal skins. Permeation studies carried out in such 
models have generated a pl ethora of information 
about the behaviour of drugs within phys iologicall y 
active viable skin systems. However. data obtained 
from different skin models va ry widely and any 

Table I - Physicochemical parameters or the cand idate drugs 

Drugs 

Prazosin hydrochloride 
Minoxidil 
Atenolol 
Propranolol hydrochloride 

5 6 7 8 

Hours 

Molecu lar A4 ueous 

9 

wt so lubili ty ~ ll 

37°C mg/m l 

4 19.91 I .00 
209.25 X.79 
266.34 3 1.2 
295 .X4 I 04.2 

10 

Octanol/ 
water 

partition 
coeflicicnt 

0. 17:. 
O.X I5 
0.374 
0.041 

Fig. I-Cumul ative penetration or prazosin hyd rochloride th rough excised mice skin ( + )and human cadaver skin ( ). In case or 
mice each data-point represents the mean of three ex periments which in case or human cadaver is the average o l two ex perimems. 
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actual evaluation is possible, only if these models 
could be graded accordi ng to the resistance, they offer 
towards the various penetrants. 

In our study we have observed that all the 
candidate drugs have got hi gher permeation rate in the 
mice skin th an in the human cadaver skin . Prazosin 
hydrochloride, a poorly water soluble drug had 
steady-state flux 13 times higher in the mice skin in 
compari son to its steady-state flux in the cadaver skin 
(Fig. I , Table 2). Minoxidil and atenolol also show 
considerab le hi gher permeation (3-4 times) in the 
mice skin (Figs 2&3). However, the freely water 
soluble drug propranolol hydrochl oride has onl y 
slightly higher permeation rate in the mice sk in than 
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Fig.2-Cumulative penetration profile of minoxidil through the 
excised mice sk in ( +) and human cadaver sk in ( ). In case of 
mice each data-point represents the mean of three experiments 
which in case of human cadaver is the average of two experiments. 
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Fig.3-Cumulati ve penetrati on profile or atenolol through the 
excised mi ce sk in ( + ) and human cadaver skin ( ). In case of 
mice each data-point represents the mean or three experiments 
wh ich in case or human cadaver is the average or two experiments. 

in the cadaver skin (Fig. 4). This contradicts the 
popular perception that water so luble drugs wou ld 
show enhance permeation in the hai ry sk in . the main 
argument against the use of hairy spec tes 111 

transdermal screening. In a recent in v~st i ga ti o n also, 
researchers have observed that hairless guinea pig 
skin was much more permeable to ret ino ic acid than 

10 

haired guineapig skin . 

Previously, drug permeation was thought to take 

Table 2-Stcady-state ll xes (Jss ) and perme.tbi lity cocflicient 
(kr) of candidate drugs through mice and hunan cttbver ski n 

Drugs Skin type Steady sta:e Permeahi I i 1 y 
llu x co-ell 

- ~ - I 
pg/c m hr em hr 

Prazosin Mice IJ:I.(l() lJ .:I X 10 
hydrochl oride 

7''' 
_ _, 

7.0 X 10 Prazosin Human cadaver 
hydrochloride 

3X.29 -~ 

:u X I 0 Minoxid il Mice 

12.2 7 - 2 
1.2 X I() Minoxidil Human cadaver 

27X .7X - I 
2.X x l0 Atenolol Mice 

Ateno lol Human cadaver 62. 1 (l 6.2 X 10 
75.06 . 2 

7.5 x l0 Propranolol Mice 
hydrochl oride 

7 1.24 
-2 

7. 1 X I() Propranolol Human cad a vcr 
hydrochloride 

*Represents average permeati on rate. 
Values are mean or three experiments in case or mi ce and 
average or two experiment s in case or human cadave r s ~in . 
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Fig. 4-Cumulati vc penetration profile or propmnolol hydrochloride 
through the excised mi ce skin ( + )and human Clld<lVer skin ( ). In 
case or mice each data-point represents the mean or three ex peri mcnts 
which in case of human cadaver is the average or two ex peri ments. 
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place through two parallel pathways only (lipid and 
II 

pore pathway) . It was suggested that very hydrophilic 
compounds diffuse through the aqueous pore 
pathways as well as through the lipid bilayers. 
However, a recent study about the mechani sm of drug 
permeation through the human skin revealed that 
lateral bilayer diffusion is the primary transport 
mechani sm of solute permeation through the human 

12 
stratum corneum . In the lateral diffusion, the drugs 
of low molecul ar weight travel through the narrow 
lipid slits that laterall y separate the keratinocytes . 
Hence, lateral diffusion shows a strong size 
dependence for small solutes ( <300 Da). Therefore, 
the good permeability of the atenolol, minoxidil and 
propranolol hydrochloride in the cadaver skin could 
be attributed to their ease of movement thro.ugh the 
lipid bilayers because of their small size. Similarly, 
the poor permeability of prazosin hyd rochl oride in 
human cadaver skin could be related with their 
comparatively higher molecular weight. 

It can be concluded from the study, that overall 
permeation rate of the drugs through the mice skin is 
higher than that through the cadaver skin and in spite 
of the influence of various physicochemical parameters 
(water solubility, partition co-effi cient etc) on the 
drug permeation, a 3 to 4 times flux enhancement in 
the mice skin is not unexpected. This study al so 

13 
confirms the hypothesis of Zesch that data from 
animals are not transferabl e to man and also nullifies 

the perception that hairy skin favours the permeation 
of water soluble drugs. 

Finally, the high permeability co-efficient of the 
propranolol hydrochl oride throu gh the human cadaver 
skin indicates it has a strong poss ibility to be 
successfully developed with a transdermal dosage 
form. 
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