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lflTRODUCTJON - STAITHENT Of rHE PROOLEM 

It is only through a sound knowledge and understanding of U,e 
basic physical chemistry of the processes of drug delivery and 
skin penneation that it will be possible to optimi1e topical 

dosage fonns . This very recent conclusion by leading scientists 
I 

in the field of percutaneous absorption, rei~erated th~ need for 

more systematic work on the basic physico-chemlcal aspects of per= 
cutaneous absorption (Hadgraft. 1983:52). 

Studying the different layers of the skin, the natu,·e of their 

biochemical and physiological activities and the interactions 

between barrier elements and penetrants, should inrli cate how lo 

manipulate the structure of drugs and the phannac.eulica 1 fonaila = 

tion to cause selective and effective permeability . With increa = 

sed understanding of percutaneous absorption. the artven l of si nqu = 

larly effective new topical drugs can be expected - drugs which 

are incorporated into precisely designed delivery sys tems wh ic:h 

fully exploit the potential Hies of the drug for treatn1cnt or 

specific disease states. 

Much work has been done to eluc ictate sk in structure. physiol ogy . 

barr ier properties and the mechanism by which substa nce~ en te~ 
and cross the skin. In the past two decades the sci entific s tudy 

of percutaneous absorption has moved from emphasis i11y cfescri pt ive 

detail to the correlation of physico-chemical facto, ·s with skin 

permeation in attempts to understand which mol ecule~ may be ex= 

pected to breach the skin (Hadgraft, 1983:52). 
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fl major f)f'o blem in the study of percutaneous absorption is the 

interpreta t ion of results of previous investigators, since the 

permeabil i ty of mammalian skin has interested scientists from 
different disciplines. It is difficult and dangerous to draw 
conclusi ons and comparisons due to the use of various test sys= 

teins. in vitro and in vivo models, various times and modes of ap= 
plication of material, and several species from mice to humans . 

The resu lts have been expressed in many diff P.rent ways and each 
researcher has been anxious to express the data so as to eluci= 
date his or her own problem without making assumptions about the 

mechanic;ni ( ldson, 1975:902). 

It is therefore essential to further the understanding of the 

processes of percutaneous absorption by the systematic charac= 

terizati oo of the various factors involved in skin permeation. 

The peroieation of a membrane by chemicals is determined by the 

physico- chemical nature of the permeant, the physico-chemical 

nature of the medium of application and the physico-chemical na= 

ture, or1anization and the dimensions of the phases of the mem= 
brane. hese factors influence the partitioning of the permeant 

between the solution phases external to the membrane and the 
phases of the membrane. 

Partitioning was recognized as a factor in absorption by Meyer 

(1899:109) and Overton (1901:l). In recent years partitioning was 

even fur ther generalized as an activity detenninin9 factor through 



the empirical correlations of Hansch (1963:2817) . Since positive 

correlations between hydrophobicity and the percutaneous ahsorp= 
tion of many series of compounds have been reported, the pennea = 
bi lity characteristics of skin have often been t"e9arrled as those 
of a simple 1 ipoidal barrier (Valette et al .• 1954:241; Treherne, 

1956:171; Lien and Tong, 1973:371; Smith, ,982:158). A need 

existed for a study that would include compounds over a wide range 
of hydrophobicities to test the validity of such conclusions. 
If a direct relationship between hydrophobicity and percutaneous 

absorption should be found in such a study, it will support the 
view that the behaviour of skin approximates that of a simple li = 

poidal barrier. Otherwise the view that the skin behaves like a 

complex membrane where different peni1eation mechani5111s for com= 

pounds of different hydrophobicities should be proposed, will be 

supported. 

A base of data on the percutaneous absorption of a series of al = 

kanols (Diirrheim et al . , 1980:781) a11d hydrocortisone and its 
21-n-alkyl esters (Smith, 1982:100} derived frOIII in vitro t,ork on 

hairless mouse skin already exists. Hydrocortisone and its 

21-n-alkyl esters and the alkanols are two series of compound s 
that display relative little hydrophili city. Therefore dilta on 

the percutaneous absorption of hydrophilic compounds would coo, ,. 

plement the existing data very well . 

Therefore the first objective of this study was to inquire into 

the percutaneous absorption of selected hydrophilic compounds and 

the relationship between their hydrophobicity and percutaneous 
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absorption in order to supplement existing data. Froin the to ta l 
base of data general conclusions may then be made about the rela= 

tionshi p between hydrophobicity and percutaneous absorption . 

The work of Treherne (1956:171) on the relationshi p between the 

ether-water partition coefficient and percutaneous absorption of a 
few polar nonelectrolytes has been cited much in the literature 

and was ta ken as a point of departure. He used radio-labelled 

ethyl iodide, methanol, ethanol, thiourea , glycerol, urea and 

glucose in percutaneous absorption studies on rabbit skin in vitro. 

Ethyl iodide was found to be unstable in the isotonic sodium 

chloride solution that was to be used in the diffusion cells and 
sufficien t data on methanol and ethanol already existed. There= 
fore only urea , thiourea, glycerol and glucose were selected to 
provide a starting point in the systenatic characterization of 
the percutaneous absorption of hyd rophilic compou nds. 

Since Treherne (1956 :171) used othe r techniques , diffusion cells 

and rabbi t skin, his data did not fit into the existing data base , 
which was obtained using modern techniques, other diffusion cells 
and hairless mouse skin. Therefore percutaneous absorption 
studies of the selected hydrophilic compounas through hairless 

mouse ski n had to be done in order to reach the goal of the study . 

In the course of the permeability studies, a very slow but gra= 

dually accelerating permeation of the hydrophilic compounds was 

noted, a phenomenon that became very noticeable when the pennea= 

tion profile was observed over longer periods, e .g. 100 hours in= 

stead of the conventional 6-12 hours. 

4 



It was th~refore decided to do ~nneillion 5tudies with one of the 

hydrophilic compounds under various condit.ions to t,·y and find the 

cause of the increa;;ing per111eabil ity . Urea seemed lo be a good 

choice becavs~: reproducible results were obtained in the prel I= 

minilry study with urea; the increase in pcnneabil ity as a func = 

tion of time was the 110st pronounced in the iease of urea in the 

preliminary study; and urea is used 1n man.v prepariltions for 

application to the skin, so that its effects on skin are interes= 

ting in their own right. 

The objectives of this study may thus be sun11111rized as: 

1 . to contribute to a current data base in order- to obtain a 

set of data on the ether-water partition coefficients and 

penneabi I ity coefficients of a variety of compoum.ls rang Ing 

from very hydrophobic to very hydrophylic in order to assess 

the relationship between hydrophobicity and percu = 

taneous absorption; and 

the validity of the view that the skin can be dif= 

fusionally characterized as a si•nple 1 ipoidal 

barrier. 

2. to systematically search for the cause of the increasing per= 

meation as a function of time of urea in vitro through 

hairless mouse skin. 

5 
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CIIAPTER 1 PERCUTANEOUS ABSORPTION 

J • 1 INTRODUCTION 

Until the turn of the century the intact skin of man was gene= 

rally regarded as impermeable to all suhstances except possibly 

to gasses (Fleischer, 1877:81). By 1904 Schwenkenbacker and 
others had done enough systerniltic work in order to be able to 

generalize on the comparatively greater skin pen11eability of 
lipid-soluble substances and the relative impenaeability of the 
skin to water and electrolytes . The fanciful idea of the com= 

plete impermeability of the skin was dispelled and a great deal 

of research has been done duriO!J the past 80 years in the area 
of percutaneous absorption. However, the research has been l~r= 

gely dominated by the dennatologist and biologist and neglected 

by the phannacist and phannacologist. Thus much work was clini= 
r.ally orientated and contained very little basic physico-ch~mical 
data of such a nature as to aid in the interpretati on of the pro= 

cess of percutaneous absorption (Scheuplein and Blank, 1971:702). 

Anyone who wants to do research in the field of percutaneous ab= 
sorption has to assess the relevance of such researLh and Must 

have a proper knowledge of the factors that influence percuta= 

neous absorption and of the skin as a penneability harrier. 

1.2 STRUCTURE OF THE SKIN AS A PERMEABILITY MRRIER 

Only through the mechanistic understanding of the barrier pro= 

perties of skin and particularly those of the stratum corneum 

will it. become possible to adequately interpret experimental and 
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clinical results related to percutaneous absorption (Smith, 

1982 :25). a point reiterated by Hadgraft (1983 :52). 

Skin is an example of a structurally complex. thick mefllbrane. 
Molecules moving from the environment across the intact skin of 
living man must first penetrate the stratum corneum and any mate= 

rial of endogenous or exogenous origin which may be on its sur= 
face, then the viable epidermis, the papillary dermis. the capil= 
lary walls into the blood stream. or into the lymph channels, 

whereupon they will be removed from the skin by the flow of blood 

or lymph. In order to move. molecules will have to overcome a 
different resistance in each tissue (Blank & Scheuplein, 1969:4). 

See f igure 1-l for a schematic cross section of the skin. 

1.2.1 STRATUM C0RNEUM 

The stratum corneum is the outermost layer of the skin and part 
of the epidermis. It is composed of metabolically inactive, 

I 

fully keratinized, flattened cells which are stratified in ten 
to thirty layers. The strati.n corneum varies in thickness ·over 
the body and even at given anatomical sites between individuals 

{Elias et al .• 1981:300). The flattened cells at the surface of 
the skin are continually shed as the forces holding these dead 
cells together progressively weaken towards the surface of the 

skin (Scheuplein and Blank. 1971:707). 

The cell structure of the stratum corne1.111 has much resistance to 

~nvirormental insult. a characteristic which is provided by the 

thickened cell membranes and the amorphous cell matrix which con= 

tains keratin and other sulphur-rich proteins with many disulphide 

8 
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Figure 1- i A schematic diagram of the cross section of skin (Flynn, 1979:267). 



linkages and lipids (Mershon, 1975:44}. 

The ultrastructure of the stratum corne1.m is not fully known at 
this stage, although much progress has been made in this field in 
recent years. Very comprehensive reviews of the ultrastructural 

as pects of skin have been presented by Mershon (1975:41) and 

Smith (1982:36). The following aspects should be mentioned be= 

cause of their possible relevance to the barrier properties of 
the stratum corneum. 

The membranes of most cells are similar, being composed of pro= 

teins and fatty substances. Internal membranes are mainly 
phosopholipid, while cytoplasmic meni>ranes contain large fractions 

of glycolipids and neutral lipids. Lipids account for about half 
of the mass of most cell membranes. The model of the arrange= 
ment of lipids in membranes is that of a bilayer about 50 ang= 

stroms thick with the hydrophobic chains orientated towards the 

membrane interior and the polar headgroups projected into the 

aqueous media of the cytoplasm and the external space (see fi.gure 

l-2)(0ouglas & Zuckermann. 1976:23). It is suspected that a good 
deal of this organization is maint;Jined in the stratum corneum 

but there are no definite studies which demonstrate this mole= 
cular organization. As a result of the highly specialized func= 

tion of the stratum cornetD, the membranes of the stratum cor= 

neU111 cells merge with the intercellular substance to form a pos= 

sible hydrophobic medium for passive diffusion (Elias et al . , 

1979:339). 

The arrangement and cellular structures of the stratum corneum 

show similarities in different species (Christophers, 1971:1~9). 
I 

The cells have a columnar arrangement, are roughly hexagonal in 
I 
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Figure 1-2 A 110dern model of asymnetrical fluid 1 ipid­
globular protein mosaic m~nbrilne (Douglas & 
Zuckennann, 1976 :23). 
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shape and overlap slightly at the edges (Mershon, 1975:44) . 

The studies of Elias et al. (1981:297) indicate that lipid is 
deposited between and on the cells of the stratum corneum. That 
would explain the hydrophobic nature of the skin surface and the 

impermeability of the stratum cornelMll to hydrophilic substances 
{Treherne, 1956:178; Scheuplein & Blank, 1971 :709). 

There appear to be different water binding regions in the stratum 

corne1J11 and the various polar regions on the surface and the in= 
side of the proteinaceous fibrils composing the strattn corneum 

cell matrix may be hydrated to different extents and more polar 

regions may become accessible with continued hydration. Differen= 
tial thermal analysis of the epidermal structures has indicated 
that three types of water in terms of the degree of binding are 

found in the stratum corneum (Van Duzee, 1975:406). 

Elias & Friend (1975:180) found that water soluble tracers placed 
on either side of the-stratum corneum of whole neonatal mouse skin 

would not penetrate the stratum corneum because of the presence 

of lamellar bodies in the intercellular space. The thickness of 
the intercellular space var ied widely from place to place, but 

the dense zone containing these bodies formed an uninterrupted 

sheet of 16 to 20 rm in thickness. This supports the earlier 

speculation of Brody (1966:472) that the variable penetration 
rates of chemicals and solvents through the skin might be due to 
the varying amounts of this intercellular component. 

Although no two investigators present exactly the same picture 

on the ultrastructure of the strat1111 corneum, there are indica= 

tions that polar and nonpolar regions exist in the strattn cor= 
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neum. These likely have very different densities a11d lhererore 

110lecular diffusion can be expected to be very diff~• ·ent between 

domains. From the apparent nature of t he cell matri x . a wide 

range of partitioninq dependencies might be expected , depending 

on the nature of the penneating substance. Thus, a r -:essabil ily 

and mobility within various regions in the stratum corncum may 

be dP.pendent on molecular size and molecular formula . A very 

polar molecule may selectively partition primarily into a polar 

region, a nonpolar molecule into a very hydrophobic region but 

the diffusional relationship between the skin and a simple lipoi~ 

dal barrier has not been systematically assessed. Small pola1· 

1101 ecul es ( 1 i ke some of the se I ected hydroph i 1 i c sub~ lances in 

this study) wil 1 not easily diffuse through the 1 ipiil rich intP.r " 

cellular spaces but will more readily partition into the polar ,.; 

regions provided by the polar headgroups of the bilayer cell me111= 

brane structures. Here they may be soluble but pos s ibly also 

highly irrmobile, limiting the diffusion through the protein-rich .,._ 

domain. The h,Y-drophobic inner part of the bilayer largely prevent 

the polar molecules from entering the intracellular area. lhat 

leaves a very restricted area for diffusion of the rolur molecules . ,~, 

which might explain why these molecules have low difrusivities in 

the stratum cornelAll. Scheuplein & Blank ( 1971 :719) fou11d lhal 

the average, apparent diffusion coefficient for the nnnrolar al= 

cohols and water in the stratum r:ornetn is approxiir.at.ely constant. 
-10 2 

at a value of S x 10 cm /sec and conc luded that this value 

may be considered typical of the skin diffusivity of many simple 

nonelectrolytes through hydrated skin. 

13 



1.2.2 VIABLE EPIDERMIS 

The stratum genninativum, the innennost layer of the epidermis, 
is a single mitotic layer of basal cells which divide constantly 
to produce a gradual outer displacement of cells towards the sur,: 

face of the skin . While in residence in the strat1JT1 germinativum 
the cells produce strands of protein which are woven into a pro= 

teinac:eous end product called keratin during the movement of 
these cells toward the skin surface (Smith 1982:28). The cells 
exchange their columnar appearance for a more rounded appearance 
in the stratum spinosum or prickle cell layer. Enzymes are pre= 

sent in this layer and cell respiration and metabolism are very 
active (Smith 1982:46). The stratt.M granulosum is about 12 to 
15 layers above the stratum germinativum and consists of more 
flattened cells with a granular appearance. These cells are con~ 
s i dered to be in the last stages of viable existanr.e (Flynn, 
1979: 269). 

All of /the above layers constitute the Malpighian layer of the 

epidermis or the layer of living. metabolitically active cells. 

This is often referred to in total as simply the viable epidermis. 
The viable epidermis is primarily an aqueous solution of proteins 
encapsulated into cellular compartments by their cell membranes. 
The cells are tied together by tonofibrils. The density of the 
cell contents is close to one. thus very similar to that of water 
(Flynn, 1979:269). 

The self-diffusion of water is about ten times greater than the 
diffusion of water through the cellular mass of the epidermis. 

By means of experiments where the stratum corne1n was stripped to 

different extents, it became clear that the viable epidermis is 
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an inferior barrier to the penetration of all compounds (Flynn 

ct al .• 1981:52). One would thus expect a diffusion coefficient 
-- -6 2 
of about 1 x 10 ca /sec for the small polar nonelectrolytes in 
the viable epiderais. The viable epidennis is thus not regarded 

as a rate-detennining barrier in percutaneous absorption through 

full thickness skin. 

1. 2. 3 DERMIS 

The ~ennis is a much thicker layer than the epidennis. The 
thickness varies from 1 to 5 nm, which is 5 to 30 tinics the 
thickne'ss of the epidemis (Smith, 1982:31). The surface of the 

dennis contains pappillae which contain capillary loops and nerve 
endings and help to form a finn adhesion between the dermis and 
epider111is. The dennis has a rich blood supply, it contains 

lymphatic channels and is interrupted by appendages of epidermal 

origin (hair follicles. nail plate and sweat glands). It also 

contains the reticulo-endothelial system which plays a significant 

ro 1 e in i nfl a:mia tion and disease. The base of the dermis joins 

the subcutaneous fatty region. lhe dermis is a dense network of 

structural protein fibers (collagen. retikulum, elastin) embedded 
in a semiqel matrix of 111Ucopolisaccharide ground substances 

(Flynn, 1979:270). 

The dermis has been diffusionally characterized as being functio= 

nally an aqueous gel with no significant amount of cellular struc= 

lure or lipid content. It contains up to 70 per cent water and 

offers little more than the diffusional resistance of an equiva= 
lent thickness of water (Durrheim et al., 1980:784) . Generally, 

if a substance penetrates the stratum cornetn and the viahle 
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epidermis into the demis and hypodermis, it is readily ~hsorbed 

into the circulation. 

1.2.4 THE APPENDAGES 

Hair follicles, sebaceous glands, nails, eccrine and apocrine 
glands are skin appendages of epidennal origin which originate 

in or beneath the dermis and extend to the surface of the skin 
and thus fonn channels through the skin which circumvent passage 

through the stratum corneum. Usually only the hair follicles 
are regarded as a possible significant diffusional pathway, es= 

pecially for the pre-steady state permeation of hydrophobic mole= 
cules li ke the steroids (Scheuplein et al., 1969:63). Very recent= 

ly Scheuplein has presented results suggesting that for highly 

polar sub-stances the shunt mechanism was important (Hadgraft, 
1983:52). 

1.3 FACTORS INFLUENCING PERCUTANEOUS ABSORPTION 

Percutaneous absorption involves the movement of molecules across 

epidermal cellular structures. Therefore the factors that in= 

fluence percutaneous absorption are essentially the same as those 

that influence gastro-intestinal absorption. Additional variables 
are the condition of the skin, the skin age, the area of sk in, 

the thickness of the barrier phase, species variation and the 

moisture content of the skin. The primary factors that detennine 

the rate of diffusion through the skin are the physico-chemical 

properties of the drug. Secondary factors are the nature of the 
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vehicle, the pH. the concentration of the drug and tNperature 

(ldson, 1975:909). 

Excellent reviews of the differend factors affecting percutr1neous 

absorption can be found in recent literature (Katz and Poulson, 

1971:117; Idson, 1975:909; DUrrheim, 1977:40). Nol all the 

factors \'fill be discussed here hut since the hydrophobic ity of 

the permeating compound and the hydration of 'the skin are impor= 

tant factors in this particular study, they wi 11 Le discussed 

' briefly in the subsequent sections. 

1.3.1 HYDROPHOBICITY 

The sol ubility characteristics of a substance greatly influence 

its aLility to penet:r ate biologi cal membranes. The rartit:ion 

coefficient of a compound has long been recognized ac; having some 

definite relation to its permeation through skin (Valetle el ;il . • 

1954:241; Treherne, 1956:171; Katz and Shaikh, 1965:29 1; Lien 

and Tong. 1973:371). 

Realistically the only partition coefficie11t R>easurement for a 

penetrant that can be exactly related to its rate of diffusion 

through the skin is the value detennined for the equilibrium 

distribu tion of the penetrilnt between the vehicle and the stratum 

corne1J11. However. even experimental value s detennined between 

stratum corneum and water are not that reliable. Since parti tfon 

coefficients are equilibrium values, apprec iable periods of time 

may be required in laboratory experiments where the penetrant is 

distributed between strips of stratum corneum and the bathing 

fluid. It the bathing fluid is wate r, the stra tum corneum may 
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achieve an abnonnally high degree of hydration . It must also be 
kept in mind that experimentally detennined partition coefficients 

will reflect not only the relative solubility of the penetrant in 

the strat\JII corneum but also interactions between penetrant and 
skin components such as physical binding or complexation (Katz 

and Poulson, 1971:137). These are some of the reasons why many 

researchers chose other lipophilic solvents to simulate the 
lypophilicity of the stratum corneum in partition coefficient/ 

permeability correlations. 

Un fortunately the unique. encompassing solubi l ity characteristics 

of the stratum corneum cou_ld not be duplicated over the ful 1 range 
of polarity by any lipophilic solvent. For this reason previous 
attempts to predict permeability coefficients. generally from 

limited correlations found with olive oil-water or ether -water 
partiliQ/1 coefficients. have proven unsuccessful (Treherne , 

1956:171; Cronin and Stoughton, 1963:81; Scheuplein et al., 
1969:63). 

However. no systematic study of the corn?lation between ether­

water partition coefficients and percutaneous absorption of sub= 

stances over the full range of polarity has been conducted so far. 

Such a stucy may lead to significant structuring of data and 
contribute to the overall objective of all percutaneous absorp= 

tion studies. namely to predict the permeability of structura lly 
unre lated compounds from their physico-chemical properties only 

(Ando et al., 1983:1). 
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1.3.2 HYDRATION 

Hydral ion of thE' stratt111 corne~ results fro1n water diffusing 

from unr1erlying epidermal layers or fro111 perspiration accumula: 

ting after applicat ion of an occlusive vehicle or covering on the 

surface. Under occlusive conditions, thP stratum r.orneum is 

changed fr001 a tissue that nonaally contains very 1 il.tle water 

(5-15 per cent) to one that 111ay contain as m~ch as 50 per cent 

water (Idson, 1975 :910). The water-binding properties of the 

stratum cornet.an appear to res~lt from the presence of certain 

hygroscopic substances in the horny layer (Smeenk and Rijnb£ek, 

1969:476). 

When the stratum cornet.111 is il!Jllersed in water in vitro , it is not --- -
i11111ediately hydrated. Although 111aceration may be detected in a 

few minutes, swelling continues for fully three days . The tissue 

can absorb 5-6 times its weight when fully hydrated 11nd this water 

is strongly bound within the intracellular keratin (Scheuplein, 

1966:1) . The filament-11\il trix ultrastructure is prese rved under 

hydration and the water appears first to enter betwe,,n the fila : 

ments and only later to diffuse within them. The separation 

between the lipid and protein components of the tissue is probably 

increased on hydration since the water would tend to build up 

irregular multilayers on the fibrous protein and help screen it 

from the lipid. At the macrcrnolecular level the intracel lular 

keratin appears to be a stable, continuous, wate1·- rich polar 

region intermingled with a network of nonpolar lipid . 

Hydration of the stratum corneum is amorig the most important 

factors in skin penetration because it appears to increas~ the 

rate of permeation of all substances that penetrate the skin 
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(ldson. 1975 :910). Hydration of the epidermis has been shown to 

increase the percutaneous absorption of nicotinic acid (Cronin 

and Stoughton, 1962:265), esters of salicylic acid {Wurster and 
Kramer, 1961:288), steroids (McKenzie and Stoughton, 1962 :608) 

and alkanols (Behl et al., 1980:346). These compounds were affec= 

ted to different degrees by hydration - as little as a two-fold 

increase in permeability of butanol and hexanol to a hundred-fold 
increase in the permeation of corticosteroids. Scheuplein and 

Blank (1971:719) however. have shown that even hydrated stratum 
corneum is still an enormously effective diffusion barrier with 

a diffusional resistance almost 10 000 times greater than an 

equivalent layer of water. 

One would expect the rate of penetration of water-soluble com: 

pounds to be faster through hydrated than non-hydrated stratum 

corneum, but the low diffusion coefficients and high activation 

energy obtained for water and polar alcohols and the selective 

diffusion exhibited by molecules of varying polar character sug= 
gest that extensive hydration does not drastically affect the 

barrier function of the stratum corneLat (Scheuplein and Blank, 
1971:719). 

The work of Wurster and Kramer (1961:588) and Yotsuanagi and 

Higuchi (1972:934) showed that the permeability behaviour of 

fully hydrated stratUIII corne1.111 showed a reasonable correlation 

between experimental penneability coefficients and lipid-water 
partition coefficients. 

In a study of the influence of hydration on alkanol permeation. 

the same techniques and hairless mouse skin as in this study were 

used. It was found that hydration with normal saline for up to 
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JU h~urs did not significantly affect the penn ahilities of water. 

metha nol and ethanol (Behl et a l ., 1980:346) . Tho11Qti the effect 

of hydration on the percutaneous absorption of other polar non= 

electrolytes has not been !.tudied systematically, one would not 

expect a great hyclration effect because of the very si111i lar pene= 

t ration characteristir.s (Schr.uplein and Bl ank, 1971 : 716) of water 

and other polar nonelectrolyles . 

1.4 CONCLUSIONS 

The ultrastructure of skin is not adequately known at this stage 

to enable predictions about the molecular interactions of the 

skin with penetrating substances . On a macroscopic level h~ever, 

different strata with different structures and resi~tances to 

diffusion can be distinguised. Solubility and permPability data 

obtained in the. past support the postulate that. polar and non= 

polar solutes diffuse through the stratum corneum h, different 

molecular mechanisms. The membrane partition coefficients for 

highly water soluble compounds are all near unity, ~uggesting 

that they dissolve into hydrated regions of the keratin. Enle= 

ring water molecules and other highly polar moleculPs would 

therefore tend to diffuse within these aqueous regions, located 

probably near the outer surface of the filaments rather than 

deep within their semicrystalline interiors. In contrast, non= 

polar lipid-soluble molecules would tend to dissolvP and diffuse 

within the lipid network between the filaments . /\ r1J111TI011 fe.itu,·e 

of both mechanisms is the substantially higher free energy of 

activation for diffusion within the str;itum corneum U1,rn for the 

same mol ecules in solution. This is the underlying reason why 
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diffusion for all solutes occurs so slo~,Jy and implicates a 

strong solute-tissue interaction and a semi-solid structure for 

the stratum corneum. The topicality of knowled9e of the phys'ico­
chemical properties of the permeant, permeant/skin interactions 
and the ultrastructure of the skin and particularly the stratum 

corneum as a means to explain the permeability behaviour of skin 
has been emphasized by leading scientists in the recent past 

(Elias et al., 1981:297; Briggaman, 1982:1; Grayson and Elias, 
1982:128; Smith et al., 1982:7; Hadgraft , 1983:52) . lt is clear 
from the literature search that much infonnation on these aspects 

is still needed for the optimization of topically applied prepara= 
lions. The correlation of the physico-chemical propert ies of the 

penneant with its percutaneous absorption is still very relevant 
in this field and it will stay relevant until the ideal biophysi= 
cal mod~l has been developed. 
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Virtually all in vitro methods include the use of s~ne type of 
diffusion cell in which animal or human skin is fastened to a 

holder and the pemeation fron the epidennill surfac<> to a fluid 
b11th is measured. The percutaneous absorption can he quantita= 

tively measured and the simplicity of the equi1~11ent has prompted 

widespread use of In vitro techniques. The di sadvan t.age or. In 

vitro techniques is that it does not reflect the role of the skin 

in vivo . But the passive nature of skin perineability is entirely 

consistent with the location of the n~jor diffusion barrier in 
the stratum corneum. which consists of kerat

1
inized metabolically 

inactive cells. No active transport process across the skin has 

been demonstrated so far. Thus the usual diffusion laws of 
physics pertaining to passive diffusion processes can therefore 
be applied to skin permeability phenomena and greatly aid in its 
description (Scheuplein, 1971:706). The large amount of in vitro 
resea rch on skin penaeability testifies to the widespread accep= 

tance of this view . This view is supported by solid experimental 

results (Ainsworth, 1960:69; Blank et al., 1967:582; Sch':!uplein 
et al., 1969 :63; DUrrheim et al., 1980:781). 

2.2.2 HUMAN SKIN 

Human skin would seem to be the natural choice for any study of 

percutaneous absorption aimed at defining the properties of the 

stratum corneum in tenns of clinical or therapeutic $ituations. 

However, there are several problems associated with the use of 

human skin in an in vitro experimental situation . Sources are 
no t reliable in that they are subject to the availability of 
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2 . 2 EXPERIMENTAL METHODS /\NO TIIE RELEVANCE OF 111' IRLESS MOUSE 

SKIN AS A MODEL FOR PERCUTANEOUS ABSORPTION 

2.2.l IN VITRO VERSUS IN VIVO TECHNIQUES 

The experimental methods can be divided into in vitro and in vivo 
procedures involving two general types of test systems. The in 
vitro methods involve excised skin in diffusion chambers and the 
in vivo methods employ the skins of the living animal or human 

subject in situ. 

It is generally accepted that in vitro data cannot be direc tly 
extrapolated to in vivo or clinical situations and that in vitro 
and in vivo data should rather complement each other (Blank & 
Scheuplein, 1969:4; Marzulli et al.. 1969:76) . Both in vivo and 

i n vitro measurements for a given agent are highly desirable 

(Marzull i et al., 1969:82). Correlations between in vivo and in 

vitro percutaheous absorption have been observed for water (Baker 

& Kligman, 1967:450), ions (Spruit & Malten,. 1968:11) and non­
electrolytes (Scheuplein et al., 1969:63). The major in vivo 

methods involve histological studies (Calman, 1970:26), use of 

tracers (Malkinson and Ferguson, 1955:281), elicitation of bio= 

logical responses after topical application (Stoughton, 1969:753) 

and analysis of body fluids or tissues (Ackennann & Dreyer, 

1982:28). The main objection to the use of the living animal or 
human subjects is that this method measures percutaneous absorp= 
tion by indirect means and results are difficult to quantify 
(Idson, 1975:902). 
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CHAPTER 2 METIIODS AND PROCEDURES FUR MEASURING ANU ANALYSING 

PERCUTANEOUS ABSORPTION 

2 .1 INTRODUCTION 

During the past decade or two the basic concepts of membrane 

transport have been applied specifically to transport through 

the skin. Better techniques have been developed and more 

sophisticated experiments have been designed:. Huch of the recent 

data has been obtained from experiments on excised skin under 

laboratory conditions, because of the difficulty in obtaining 

quantitative in vivo data. 

Numerous methods for studying percutaneous absorption have ap= 

peared (Treherne, 1956:171; Cronin & Stoughton, 1963:81 ; 

Halprin & Ohkawara, 1967:561; Harzulli et al., 1969:76; 

Scheuplein & Blank, 1973:286; Foreman et al .• 1977 : 108; 

Schaeffer et al., 1978:80; Epstein et al., 197g:207; OUrrheim 

..... 

et al., 1980:781; Nemanic & Elias, 1980:573; Wedig & Maibach, ,. 

1981:433; Wohlrab & Hassler, 1981:277; Pitman & Downes, -

1982:63). No attempt will be made to cataloque the extensive 

1 iterature but rather to motivate the use of certain methods amt 

procedures in this study. 

The methods and procedures for measuring and analysing percutane­

ous absorption include the experimental tec~niciues, the mathemati ­

cal analysi s of penneab i lity data and modelisti c approaches. These 

aspects are usually employed in conj un ction with ear h other in 

percutaneous absorption studies in orde r to contribute towards the 

improvement of techniques and t he ref i nement of mathemati cal model s . 
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cadaver donors. Thus it is not available on demand and must be 

stored frozen for variable periods (Scheuplein, 1965:335), a 
condition that n~y induce physico-chemical alterations of the 

skin. Preparation of excised human skin membranes for pennea= 
bility studies is relat ively complicated. Much of the underlying 

fatty tissue must be removed and it requires special equipment 
and skill to prepare a membrane of uniform thickness and free 
from holes and other defects (Katz & Poulson, 1971:103). 

Thus human skin is not procured as easily as an animal membrane 

and its properties vary from sample to sample due to differences 

in the age, sex, race and health of the donor, even if it is 

removed frOIII the same anatomical site (Tregear , 1966 :44) . 

2.2.3 ANIMAL SKIN 

Since in vivo studies on human subjects are costly and time­

consuming due to the necessary safeguards, the only alternative 

left to either of these approaches is the in vitro studies with 
animal skin. An animal membrane that is easily obtainable and 

relative ly invariant from animal to animal could simplify the 
process of screening topical drugs. But no animal skin suf= 

ficiently resembles h1J11an skin to serve as a general model 
(Montagna, 1971 :577). 

However, certain animal skins may resemble human skin in certain 

properties and may be suitable for a particular type of study. 

In tenns of anatomical features that contribute to the unique 

barrier properties of htJRan skin, such as sparse hair distribu= 

tion and a thickened epidermis with a highly cornified stratum 
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comP,tmt, the skins of esscnti;illy nude -.,un.11i,1n sp1•,: ies have 

been suggested as suit;ihle approximat.ion s . Of the pig, minipi~1 

and hairles s mouse, only the hairless muse i s suH icicntl_y smal 1 

and inexpensive to make animal sa c rifice for individual experi:e 

ments practical. For the reasons 9f availabilil_y an,i convenience, 

the past decade hils seen a dramiltic incrP.ase in Lhr. 11se of nude 

<1nd h<1irle ss mice in dermatoloqico l resea rch (Jain F. Wrc1y, 

1978 : 1 ?.94) . 

Hairless mice are easy to keep under stri ct environr11Pntal and 

nutritional conditions and are always available for r.xpcrinu~nta = 

lion. Damaged skin can be avoided by selecti vrly rcjectinq any 

diseased or mutilated animals. Animals of one sex ;ind age ra119e 

may be chosen. Another important experimcnta ll y expl o i Lah le fea " 

ture of the hairless mouse is that the skin over holh the dorsal 

and abdomina 1 surfaces is loose and nonadhering to t.he viscera. 

making it possible to remove skin membranes of unirr,nn thickness 

without recourse to mi crotomy (Diirrheim et a_!., 19R!l :784). Thus 

t~e hairless mouse has distinct advantages a s an expcr· imr nl.al 

animal for percutaneous absorption studiP.s in vilro . 

fhe skin is histologically similar to tltat of Lhe h11man, bul 

lacks the fatty subcutaneous laye r at the base of I.he dermi s . 

Hairless mouse skin has a stratum corneum which is one third 

thinner than that of h1m1an skin (Smith, 1982:25). Sto1J9hto11 

(1969:753) was able to show that penetration rates for seve ral 

anti-inflan111atory stei-oi<ls through human and h<1irlP ss mous e skin 

were mu r: h the Sillne . Hairless mouse skin has al so hren shown to 

be similar to human skin in its pPnneabil it.y lo thP homo lo~ous 

n-a lkanols (OUrrhei111 et a_l . , 19R0:71l l; Fl_ynn ~~~ - • 1911 1:!i?. ). 

Thouqh s imilar results fo r h;iirl pc; c; mousr skin ;i11tl h11m;H1 shn h;ive 
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Leen obtained for c~rtdin compounds. it does not guarantee that 

µermeability parallels will persist ovP.r thP full range of com= 

pounds of i11terest. Therefore constant care must be taken in ap= 

plying conclusions to human skin drawn from data derived from ani-: 

ma 1 experimentation . 

ln _vitro measuremP.nts of percutaneous absorption are invariably 

measuren,ents of ~teady-state rates because they are the most 

readily obtainable in the labora tory situation . Steady-state 

forms of the diffusion laws are the1-efore of major importance and 

interpretation-; of pi:!rmcabi I ity phqnomena in terms of steady-state 

l)<'lramct.ers ~,·e ma jor concerns (Schcuplein & blank, 1971:/06). 

2.3 H.~TH[MATICAL ANALYSIS OF PERMEABILITY DATA 

Any given membrane is composed of distinct macroscopic phases and 

the passive diffu~ive current across the total membrane barrier 

will be dependent on the organization and sequencing of all 

enr.uunlered phase: in the transport process. The process will be 

dependent on the physico-chemical natures of the phases and the 

i nteracti on between the permeant and the respective phases. The 

densities and viscosities of t he phases affect the rate of diffu= 

sive movement of the moler.11les, wh il e the pern:eant-membrane 

interactions are reflected in solu~ilities and vartition coef= 

ficients (Smith, 1982:48). 

All phases in a m~nbrane may be characterized in terms of a 

diffusional resi5tance. The phases can be arranged in series or 

in µar,1l lel. or they may appear as some form of dispersion i11 the 
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diffusional field. Fick (1855:59) recognized this analogy and 

formulated a set or diffus ion equations by direct analogy with 
the equations of heat conduction. lhe integral forn, of Fick' s 

diffusion law, which strictly applies to ii simple homogenous 

membrane only in the absence or complicating influences as caused 
by hydrodynamic layers, is expressed in equation 1 (Scheuplein & 
Blank, 1971:713). 

J = . .. ..... 'Equation 

where J = Steady-state flux of the solute 
-2 -1 

(moles an hr ) 
D = Average membrane diffusion coefficient for the 

2 -1 solute (on sec ) 
= AC = Concentration difference of solute 

-3 across membrane (moles cm ) 
h = Membrane thickness (cm) 

. ,. 

The diffusional resistance of a phase can be explicitly defined ~ 

in terms of the thickness of the phase, h, the penneant diffusion 
coefficient in the phase, 0, and the partition coefficient, K, 
which is equal to the concentration in the membrane phase divide 

by the concentration in the external phase. The pa r tition coef= 

ficient is brought into the equation because the stratum corneum 

is not simply an inert material, but one with an affinity for the 
applied solute . Thus the concentrations at the surfaces of ti~ 

membrane are not usually equal to the concentrations in the 

external solutions, but are related to them in accord with the 

sorption isotherm which is often linear in the dilu te concentra= 

tion range according to Henry's law (Scheuplein r. Blilnk, 1971 :713). 
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Equation 1 the n becomes 

J K D 6C 
= ~ .... . . . . . Equ~tion 2 

Accord ing to equation 1 the steady-slate flu x per unit area, J , 

should be pr-oport iona 1 to the concentration difference, i\C. The 
proportionality factor is the mass transfer coefficient or per= 

meability coefficient, P, and is: 

p K D 

" 
.......... Equation 3 

The individual penneability coefficient for an isolated phase, 
whether in series or parallel or otherw ise is the reci procal of 
the diffus ional resistance of that phase (Flynn et al., 1974 :479). 

Membrane characterization is a matter of systematically and 

select ively alter ing either phase thicknesses, diffusivities or 

phase affinities. This can be done by physico-chemical manipu= 

lation with resulting homologue partit ioning effects and permeant 

structural effects on solubility and diffusivity, variation of 

membrane or phase thickness, pH effects, techniques involving 
inhibition of membrane enzymes and solvent treatment of membranes 

(Smith, 1982:52). 

The membrane-external phase partition coefficient, the diffusivity 

in the membrane and even the thickness of the membrane in some 

instances must be obtained by indirect means from other experimen= 
tal data . Aguiar and Weiner (1969:210) derived equations for the 

penneability coefficient which contains experimentally measurable 
components. 
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In this study the steady-state phase of percutaneous absorption 
wil 1 be observed and ;ina lysed for which the abovenientioned equa= 

tions are valid. Thus the equations used to analyse the other 
data in the data base will also be used in this study -

see 4 .3.2.4 for the equations u~ed in this study. 

2 .4 HODEL ISTIC APPROACHES 

The percutaneous absorption of a cmpound depends on a c0111plex 
i 

series of processes involving parallel and sequential events 
which move the molecules from the point of application to the 
sites of biochemical or physical modulation of cellular activity 
and which at the same time remove the molecules from participa= 
tion in the biological processes via excretion or metabolic- al= 
teration. Every step in this cascade. whether blochetnical. 

chemical or physical. has structural dependency. The overall 

structure-activity relationship is a conposite of all the contri = 

buting factors. including structure-permeation dependencies. 

The lipophilicity of a permeating substance has long been recog= 

nized as an important factor in determining membrane penneabili= 

ty and has served as the basis of various modelistic approaches 

in percutaneous absorption (Treherne, 1956:178; SchP.uplein and 

Blank, 1971:718). Yet correlation between lipophilicity and per= 

meation rate need not always be observed as demonstrated in stu= 

dies on tape stripped skin (DUrrheim et al . • 1980:783) and human 

(Scheuplein et al .• 1969:63) and anim11l dermis (Di.irrheim et al .• 

1980:783). 
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~lhere permeability relationships fit into the structure-activity 
picture has remained an elusive aspect to define. Different ap= 

proaches to structure-activity relationships have been discussed 
by Smith (1982:9). It is clear from his discussion that the Free 

and Wilson (1964 :395) and Hansch (1963:2817) approaches do not 

present realistic biological activity models. at least when it 
comes to mass transfer processes. The model presented by Higuchi 

& Davis (1970:376) is more representative of an actual biological 
situation. but is also not applicable to any situation where 
structure-activity depends on kinetic events related to structure, 

because it is premised on the develoJJ11ent of a quasi-steady state 
between the drug concentration at or near the receptor and the 

concentration in the central cornpartment of the body (blood). 
Thus for the most part, the Higuchi & Davis model is inappropriate 
when it comes to considerations of percutaneous absorption. 

It seems as if only a model which takes into account every small 

detail of every event during the permeation of a substance throuyh 
the skin. will satisfy all the criteria for the ideal model. lt 

is not at present possible to cope with a totally comprehensive 
model as individual contributing factors are as yet themselves 

not fully understood. Therefore, the useful approach at this time 
should involve isolation and exhaustive characterization of single 

events in the overall mechanism of percutaneous absorption. Many 

scientists have taken this road and studied some of the physico­

chemical laws affecting mass transfer across membranes (Scheuplein 
& Blank, 1971:702; Flynn & Yalkowsky, 1972:838; OOrrheim et al., 

1980:7Rl; Flynn et al.• 1981 :52). 

With regard to the above, the following published works seem 

especially relevant. Yotsuyanagi and Higuchi (1972:934) examined 
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a two-phase series model tor the penneabilitl behaviour of the 

fully-hydrated stratt.111 corne1a1 using data on steroirts. The two 
phases represented the cytoplasm and cell walls respectively. 
In general, reasonable self-consistencies i'lmong the various expe= 
rime11ta 1 results and parameters of the 1110de 1 were found. But the 

absence of independent values for the partition coefricients of 

the two phases precludes a rigorous test of the theory. Stoughton 

et al. (1960:337) examined a series of nicotinic acid esters and 

correlated absorption with the oil-water partition coefficients 
of the molecules. Similar studies were carr:ied out by Treherne 

(1956:171), Katz & Shaikh (1965:591), Roberts et al. (197R:677) 

and 0Urrheim et al. (1980:781) for a series of non-electrolytes, -- . 
corticosteroids, phenols and alcohols respectively. Lien & Tong 
(1973:371) attempted to use aultiple regression analysis to corre= 
late absorption with steric factors, molar refraction. Taft's 
polar substituent constant and molecular weight. This approach 

gives the appearance of being able to relate the physico-chemical 

attributes of compounds to their absorption and is presented as 
being predictive. Unfortunately the correlations are trivial as 

the pr~nise of the analysis is totally in error. 

Scheuplein & Blank {1973:286) studied the penneation rates of a '!:_ 

homologous series of primary alcohols (C 1-c 10) through human skin 

in vitro. The alcohols were applied from aqueous solutions and 

al so as the pure 1 iquids. They found that rick's law holds as an 

approximation for both the aqueous and the liquid alcohol systems. 

They showed that with a knowledge of the solubility of the solute 
in the vehicle and in the tissue, they could predict the rate of 

~rcutaneous absorption of this series of compounds. ThesP 

workers were also first to note the remarki'lhle temp~rature 

sensitivity associi'lted with permeation of human epirlerma 1 sec = 
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tions. Activation energies up to and exceeding 15 kcal/mole were 

recorded for the n-alkanols, which are much greater than for dif= 
fusion through a l iquid-1 ike phase, suggesting marked thermal 
disruption of the fine structure of the stratum corneum, possibl_v 

by 'melting' of its proteolipid organization. The effect of tem= 

pera t1Jre on the pennea t ion of pheno 1 ic compounds from aqueous so= 

l u ti on through excised human skin has been examined by Roberts 

et al. (1978:486). FrCJ11 a thenoodynamic analysis of the data, 

they postulated a mechan ism by which these solutes penetrate 
through human skin . Diffusion of the more polar compounds through 

the stratum corneum appeared to depend on the breaking of hydrogen 

bonds in the desolvation of the solute and by the overall "visco= 
sity" of the stratum corneum. The lipid barriers in the s tratum 
corneum seemed to form the main resistance to the penetration of 
these compounds. The aqueous boundary layers appear to provide 
an additional barrier to the penetration of the non-polar pheno= 
lie conpounds . Michaels et al . (1975:985) have described a per= 

cutaneous absorption model in which the stratum corneum is concei= 

ved of as being proteinaceous bricks held together by interstitial 
lipid mortar. But since it is extremely difficult to unambi= 
guously discriminate structural pathways, this kind of model istic 

approach seems to be premature and inappropriate at the moment. 

A theoretical desr.ription of percutaneous absorption which inclu= 

ded interfacial barriers. allowed for the depletion of the sub= 

stance in the external phase and considered the transcellular and 
intercellular routes, has been derived by Albery and Hadgraft 

(1979:129). Since they had to use an idealized ge~netry for the 

cell structures involved. no change in the route of penetration 

with time could be indicated. This is in contrast with the pos= 

sible change in mechanism because of initial follicular penneation 
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os discussed by Scheuplein & Blank (1971:70S). The aalheinatical 

problem of simultaneous transport and metoboli!,111 in the skin and 

degradation in the receptor phase was solved by loftsson (1982: 
17}. lie found that his mdel was in good agreement with experi= 
mental data obtained for simultaneous diffusion and hy~lrolysis 

of acetylsalicylic acid in excised hairless mouse skin. Ando et 

!l_. (1983:28) developed a physical model where only the physical 

properties of the components are accounted for. The parameters 

that have been chosen are open to future VPrification and are 

only meant to represent the current state of knowledge. 

These are but a few examples of studies with a modelistic ap= 

proach. In most of these studies, however, ithe correlation be= 
tween the mode 1 and experimental data had to· be 1 imited to a se= 

ries of closely related compounds. The ideal would be to develop 
a model that can be used to predict human percutaneous absorption 

of any molecule fron only its physico-chemical properties. 

2.5 CONCLUSIONS 

Percutaneous absorption can be studied in many ways, but the 

various techniques may not give comparable quantitative data . 

With present technique and their stated range of application it 

has not been possible to determine the avenues of penetration 

and rarely has the ultimate deposition of the penetrating sub= 

stance been made clear. Progress in the area of percutaneous 

.ibsorption is still being retarded by the absence or good meth: 

odology . The literature allows one to conclude that : 
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I. in vivo percutaneous absorption studies in man present 

many problems of which the most important. is the difficulty of 

obtainin9 quantitative data. The main problems with in vitro 

studies on excised human skin are the preparation of the skin and 
the reprocluceab i 1 ity of results. It seems therefore that mecha= 
nism studies and studies on parameters affecting absorption must 

be explored, using anin~ls and in vitro techniques. For compounds 

studied to date the penneability of hair less mouse skin seems to 

tightly parallel that of human skin, seemingly making it ideally 
suited for in vitro studies; 

2. the advanta9e of in vitro procedures is the absolute con= 

trol one has over the environment, allowing the demonstration of 

the importance of individual factors in detenuining percutaneous 
absorption of~ particular substance. These in vitro results may 
point the way for further in vivo work. If the outcomes with in 

vitro permeation studies remain generally consistent with all 

other experimenta I findings. then they may have a useful place in 
the screening of new products without the difficulties usually 
involved in in vivo methods; 

3. it seens clear that the basic principles of Fick's law are 

~ppl icable in almost all instances of percutaneous absoq:,tion; and 

4. most of the modelistic approaches evolved from partitio= 

ning or solubility characteristics of the penetrants. Recent 

multiphasic concepts and compensation fo r me tabolism and degra= 
dation have served as refinements to the older models. 
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CHAPTER 3 PHYSICO-CH[HJCAL PROPERTIES AND TRANSMEMBRANE 
DIFFUSION or S£LECT£D HYDROPHILIC CCJ1POllHCJS 

3. l I NTROOUCTION 

Percutaneous absorption is considered as a process where the 

physico-chemical nature of the pemeant, of the medi~n of appli= 

cation and of the phases of the membrane play v it.al roles in the 

overall description of the process. Knowledge of th'? physir.o­
chemical properties of the selected substances is therefore es= 
sential for the interpretation of experimental results and to 

test the validity of conclusions. 

A few hydrophilic compounds were selected to provide a starting 
point in the systematic characterization of percutaneous absorp= 

tion of hydrophilic compounds. The work of Treherne (1956:171} 
on a few polar nonelectrolytes has been cited much in the litera= 

ture and was taken as a point of departure. He used the follow= 

ing compounds in his percutaneous absorption studies on rabbit 

skin: Ethyl iodide, methanol, ethanol, thiourea, glycerol, u1·ea 

and glucose. 

Ethyl iodide was found to be unstable in the isotonic sodium 

chloride solution that was going to be used in the diffusion 

cells. Ethyl iodide fonns in the presence of chloride ions, 

ethyl chloride which is a gas with a boiling point of 12,5°c 

(Finar, 1967:135). This may be the reason why Treherne (1956: 
171) reported very little data on ethyl iodide. (Treherne used 

Ringer solution in his receptor diffusion cells.} This problem 

madP. it impossible to work with radiotracer quantiti~s of ethyl 
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iodide. Much work has already been done on the percutaneous ab= 

sorption of methanol and ethanol through human skin (Scheuplein, 
1965:334) and hairless mouse skin (Durrheim et al., 1980:781; 
Flynn et al., 1981:52) and therefore data for these two polar 
alkanols were already available for the analysis. 

The compounds selected for this study were initially 1 imi led 

to urea, thiourea, glycerol and glucose. The physico-chemical 

properties of these compounds will be listed in this section but 
the current knowledge on the diffusion of these compounds through 
membranes will be emphasised. 

3 .2 UREA 

3.2.1 DESCRIPTION AND STABILITY 

Synonyms for urea are carbamide, ureum and Harnstoff (German). 

The molecular structure is NH2.CO.NH2 and the molecular weight 

is 60,06. Urea comes in the fonn of colourless, slightly 
hygroscopic, odourless or almost odourless prismatic crystals, 
with a cooling saline taste. The melting point is 132°c to 
134°c. 

The solubility of urea is approximately l in 1 of water and 

in 12 in ethanol. It i s insoluble in chloroform and ether. 
Solutions in water are neutral to litt-rnus. A l,63 per cent 

(w/v) solution is iso-osmotic with serum (Martindale, 1977:571). 

The de9ree of degradation of 2M, 4H, 6M and 8H solutions of urea 
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at 2s0c, 35°c and 45°c was extrei,ely small and the overall 
process confon11s to a first and second order · reversible react ion. 

Urea in aqueous solutioo will slowly hydroly~e into carbon 

dioxide and annonia (Welles et al., · 1971:1212). Urea is incoapa­

tible with nitric acid. nitrites, alkalis and formaldehyde. 

3. 2. 2 0 I FFUS ION THROUGH MEMBRANES 

Urea has been used as an active ingredient in many cornercial pre= 

parations designed for normal or pathological skin (llellgren & 

Larson, 1974:289) and is considered to be part of the natural 

moisturization factor in skin. Different effects of urea on the 
skin have been reported in the literature e.g. an increase of the 
water binding capacity of the skin (Kligman, 1957:157; Swanbeck, 

1968:123; Ashton et al., 1971 :.194; Hindson, 1971:28'1; 

Jacobi, 1971:108; Grice et al., 1973:114; Hellgren & Larson, 

1974:289), 

thinnirig of the epidemis (Wohlrab et al., 1974;378; Wohlrab & 

Bohm, 1975:150; Wohlrab, 1976:585), 

keratolysis (Swanbeck, 1968:123; Hindson, 1971 :284; Roston, 1971: 
142; Vleeschouwer & Bersaques. 1971:225; Hellqren & La rson. 

1974:289), 

antibacterial activity (Kligman, 1957:157; Swanbeck & Raj ka, 

1970:226; Ashton et al.. 1971:195) and 

proteolytic activ ity (ib id). 
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In some cli nically orientated experiments Feldman and Maibach 

(1970:399) d~tected 5,9 per cent of the applied dose of urea 
over a peri od of 5 days in the urine of h~nans. Wahlberg and 

Swanbeck (19 3: 209) also found a very low permeability for the 
penneation of urea through human skin. Experiments on the pene= 
tration of urea through hairless white minipig skin were conduc= 

ted in vivo . The urea penetrated the skin very fast and could be 

detected in he serum after a short while. But despite the fast 

absorption, he total amount of urea absorbed was very small 

(Wohlrab & Sch iemann. 1976:23) . These findings confirm the be= 

lief that t~ stratum corneum forms a very effective barrier 

agains t the netration of urea. 

ln another s udy by Wohlrab (1979 :441) it was indicated that the 

permeation of 5-fluorouracil is accelerated by an admixture of, 
or pretreabaent with urea (10 per cent w/v) and by increasing 
the hydrati on of the horny layer by pretreatment with 10 per cent 

w/v sodium c loride. The clinical effectiveness of 5-fluoroura= 

cil on epide 1 disorders was increased simultaneously. 

After biometri cal, autoradiographical and cytophotometrical stu= 

dies, Wohlrab (1976:589) noted upon five days application of 
urea that the epidermis was measurably thinned. lt was concluded 

that the th iooing of the epidermis after application of a satu= 

rated solution of urea in normal saline to the skin of a hairless 

white minipig could be attributed to the following processes: (1) 

the reduction of the number of cells being in ONA synthesis; 

(2) alterat ion of the generation of the post-mitotic epidermal 

cell; and (3) disturbances in the regulative mechanism while 
entering into the DNA synthesis or during its course. 
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3 . 3 THIOUREA 

3.3 . 1 DESCRIPTION AND STABILITY 

A SJTIOnym is thiocarbamide . The molecular structure of thiourea 

is ttH
2

.cs.HH
2 

and the molecular weight is 76.12 . It is a white 

crystalline solid with a melting point of 180°c and it behaves as 

a •IIIOnoacidic" base . It is stable in aqueous solut ion hut wi ll 

hydrolyse when heated with alkalis (Finar. 1967:422) . 

Thiourea is used to protect furs and clothing agains t tnsec ts. 

3 .3 . 2 UIFFUSION THROUGH MEMBRAN E.S 

Thiourea has often been used in diffusion studies t o take part in 

structure relationship studies on the family of urP.a c; . However, 

the results of Siegel ( 1981: 139) indicate that the sulphur-contai= 

ning thiourea penetrates the oral mucosa less readil y than urea. 

an oxygen-containing compound . This deviation from Overton's 

rules has previously been noted by Diamond and Wrigh l (1969 : 273) 

in the gall bladder. Naccache and Sha'afi (1973 : 714) in h~nan red 

blood cells. L~af and Hays (1962:921) in the urinary blarlder anr:I 

Treherne (1956:175) in the percutaneous absor ption or thiourea 

through rabbit skin . A proper explanation for this nhenomenon 

has no t been encountered in th is literature search . 

Ill 
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3. 4 GL YCE:ROL 

3.4.1 DESCRIPTION AND STABILlTY 

Synonyms are glycerolum, glycerin and propane-1,2,3-triol. The 

molecular structure is c3H8o3 and the molecular weight is 92,09. 
It is a clear, colourless, odourless, hygroscopic, syrupy liquid 

with a sweet taste followed by a sensation of warmth. Weight per 

millilitre is 1,255 to 1,26g, corresponding to 98 to 100 per cent 
of c

3
H

8
o

3
• 

It is miscible with water, alcohol and propylene glycol; slightly 
soluble in acetone~ practically insoluble in chloroform. ether 
and fixed and volatile oils. It is incompatible with oxidizing 
agents. 

A 10 per cent w/v solution in water is neutral to littvnus. 
A 2.6 per cent w/v solution is iso-osmotic with serl.111 (Martindale, 
1977 :626). 

3.4.2 DIFFUSION THROUGH MEMBRANES 

Siegel (1981 :139) has found that glycerol with the three hydroxyl 
groups has a lower oil partition coefficient and permeability 

coefficient for oral mucosa than either 1,2-propanediol or l ,3-
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propanediol. lids may be related lo glycerol's increased ability 

to fonn hydrogen bonds with water because of the third hydi-oxy l 

9roup. In a co111parison of glycerol pe1111ei1bilily ilncl lipid compo= 

s ition of red blood cell 11e1nbranes from e'lg~t man111111 ian species, 

Wessels and Veerkamp (1973:190) could find no cvrreliltion be tween 

lipid coo1position. including phospholipid and fatty acid composi= 

tion, and the glycerol penaeabi lity coefficient. 

Serban et al. (1981:429) have found that a 10 per cent v/v solu= 

tion of glycerol produced hydration of the skin during the first 

few hours after application, aainly by dindn ishing the loss of 

water from the fonnulation. This is in agreement. with the view 

of Murphy (1978:31) that under •moderate or high cond itions of 

humidity, glycerin introduces moisture fro111 the atmosphere to the 

skin". 

It appears that glycerol has several properties which may limit 

its usefulness as a moisturizer. Under conditions of low rela = 

tive humidity (ca 20 per cent) glycerol tends to lose water 

(Deshpande et al., 1980 :20). Glycerol acts as a vehicle for 

moisture loss under conditions of low humidity by in~reasing the 

transepidcr,nal water loss (Rieger & Deem, 1974 :253) . It also 

appears to he weakly held within the skin and is easily washed 

away (Murphy, 19i8:31) . 
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3.5 GLUCOSE 

3.5.l OE SCRIPTION AND STABILITY 

Synonyms are anhydrous dextrose, anhydrous glucose, purified 

glucose, grape sugar, glycosum, saccharum amylaceum and 

0-(+)-gluco-pyranose. The molecular formula is c6H12o6 and the 

molecular weight is 180,2. It is a white odourless crystalline 

or granular powder with a sweet taste. 

The solubility of glucose is approximately 1 in 1 of water and 

1 in 200 of ethanol; it is soluble in glycerol and almost insolu= 

ble in ether. 

A 5,05 per cent w/ v solut ion in water is iso-osmotic with serum. 
Glucose is stable in an aqueous solution . It is a strong reducing 
agent (Finar, 1967 : 72). 

3.5.2 Diffusion through membranes 

The permeability of glucose through a variety of non-skin meir­

branes has been studied (Stein, 1967:57). The penetration of 

glucose into the human epidermis was studied by Halprin and 

Ohkawara (1967:561). They came to the conclusion that the inter= 

cellular space of the epidermis comprises approximately 15 to 18 

per cent of the total epidermal voltne. Glucose not only fills 

this intercellular space but by a process of passive diffusion 

qains access to an additional 15 to 35 per cent of the intra= 

cellular vol1.111e of the epidermis in a concentration equal to the 

44 



blood glucose concentration or to a 11 of the inlrclf.rllular space 

at a concentration which is only 15 to 3r; per cent of the blood 

glu~ose concentration. Their view that the ~xtra cellular fluid 

in the epidermis is "essenti,llly water " i s jn conflict with the 
I 

current view that intercel luliir spaces in thr st.ra tum cornel.111 anci 

epidermis contain large fractions of lipids (Elias~ Friend, 

1975: 180) . Whether or not thP. proposeci lame llae choracter of the 

intercellular lipids. which maims watery layers, tif's these two 

disparate ideas together is yet to he established . 

The penneability coefficient of 9lucose wa s found to be extremely 

low for rabbit. skin because of its very low l ipici solubil ily as 

reflected in a very low ether-water partition coeff icient 

(Treherne, 1956:175). 

3.6 C0NCLUSI0HS 

Because of the many positive correlations found between percuta= 

neous absorption and oil-water partition coefficients (where 

"oil" is a gPneral term for a hydrophobic solvent like ether, 

octanol etc.), it appears that many compounds penet1·ate the stra= 

tum corneum by dissolving in lhe lipids of the cell membrane and 

lipids between the cells. 

An exception to this general behaviour is the deviation displayed 

by small hydrophilic molecules (Siegel, 1981:138). Wright and 

Pietras (1974:293) presented three explanations for the relatively 

fast permeation of small molecu les . These include (1) penueation 

occurs throu9h small "pores"; (2) permeation media ted by membrane 
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ca rriers; and (3) high permeability of small polar solutes as a 

consequence of the highly ordered configuration of plasma membrane 

lipids. Permeability coefficients remained constant over a wide 

range of concentrations of solute, which makes the second pos= 

sibi lity unlikely. No direct evidence is available to distin= 
gui sh between the first and third poss ibili ties . The ex istence 

of streaming potentials across oral mucosa indicates the existen= 

ce of polar groups in the epithelial membranes (Siegel et al., 
1976: 129 ). From the point of view of energetics, concentration 

of these polar groups in localized areas would yield the most 
stable meioorane configuration (Wright & Diamond, 1969:227). The 

sma ll polar molecules would thus prefer to interact with the polar 

groups in the membranes when diffusing through the stratum cor= 
neum. This view supports the mechanism that has been proposed by 
Scheuplein (1 965:334). 

The selected compounds in this study, (urea, thiourea, glycerol 

and glucose) are all small polar non-electrolytes but their 

physico-chemi cal properties differ enough with regard to hydro= 

ph ilicity in order that a study of the relationship between 
percutaneous absorption and ether-water partition coefficients 
iaay be justified. 
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CHI\PTER '1 THE REL.Al IONSll(r RETWl:ftl THE EHIER-1,!/\HR l'ARTIT ION 

CO(FFJCIEHTS At lH( PtRHEABIL!TY COEFrlCIENlS OF 

CCHPOUHUS llVI T VARY IN HYDROPHOBIC IT'f 

4.1 !NlRODUCTION 

As early as 1899 Meyer ;1nd Overton recognized the irnportance of 

partitioning in the process of absorption of drugs through mern = 

branes. Since then, 111any workers have rerorted that increased 

hydrophobicity of a compound correlates with increac;ed 111emhrane 

permeability and generally increased biological activity 

(Valette et al .• 1965:241; Treherne, 1956 : 171; Stoughton et 

!!-, 1960:337; Wurster and Kramer, 1961:288; Katz and Shaikh, 

1965 : 291). 

When investigating the relationship between ether-wr1ter parti =- ~- • 

tioning and percutaneous absorption, one should selrct a bipha = ,~ 

sic in vitro partitioning system that will closely c;imulate the ,·· 

biphasic character of the membrane through which the penneation 

occurs. Water is the obvious choice for the polar phase an,j 

based on knowlec1ge of biologi cal membranes and lipicls, a semi -

polar solvent like diethyl ether should be a reas on,,ble choice 11 s 

second phase (Flynn, 1971:345) . 

The assessment of pcrmeahi 1 ity coeffi c iP.nts by in vitro methods 

with sectioned or full thickness hairless mouse skill is well­

established and a co11venient way of studying the bac;ic principle5 

underlying percutaneous absorption. It was also thP. method uc; ed 

by other workers (Uiirrheim et al., 1980: 781; Smith, 1982:102), 

whose data will be used in the corre lat. ion of elher -water par = 

117 



tition coefficients and pe ability coefficients of different 

series of compounds in this study. 

The possitive correlations of the permeability of the straight 
cha in alcohols and of other compounds with ether-water parti= 

tion coefficients (Treherne. 1956:171; Stoughton et al .• 1960: 
337; Cronin and Stoughton, 1963:83) might have been fortuitous. 

Treherne (1956:171) for example, found a very poor quantitative 
agreement between the penneability coefficients and the ether­
water partition coefficients. The penneability coefficients 
varied by about a factor ten while the partition coefficients 

varied by about a factor thousand. 

The objective of this invest igation by correlating ether-water 
partition coefficients with permeability coefficients is to de= 
tennine the capacity of the skin to discriminate between the 
penneation of different coapounds ranging in hydrophobicity . If 
the skin acts as a s imple lipoidal barrier, the penneation will 
be a linear function of the hydrophobicity of the penneating 
substance. In this case the hydrophobicity is regarded as being 
reflected in the ether-water partition coefficient. 

The permeability coefficients of the following compounds, as de= 

tennined in vitro through hairless mouse skin, will be correlated 

with their ether-water partition coefficients: Urea, thiourea, 

glycerol. glucose, a homologous series of n-alkanols (methanol 
to n-octanol). hydrocortisone and a series of its 21-n-alkyl 
esters. 

Data on the pP.nneability coefficients and/or ether-water parti= 

tion coefficients of these c0111pounds were reported in the 1 ite= 

rature as indicated in table 4-1. 
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Tahle •· 1 llteratwe references on the rcnneabil it.v corHtcienls ancl/or 

eU,er-water IJlrlition coeffir.fonls or lhP COIPflOUIKlS 111 he ,tudird 

COIWpollnd __ _ 

Ul"ea 

Thlourt'a 

Glycerol 

r.1ucose 

Hethan•il lo 
hexanol 

Hertano I a11d 
ocbnol 

Hydrocorlisone 

lly<t r<>rnrt lsonP 
21 -acelal'!' 

llydro1.orl isone 
Zl ·propioMle 

Hydrornr tl sone 
21-hutyrate 

llydr0<:or I snne 
21-rcntanoatP 

lly,lrnrnrt lsnnp 
21 - heun0,1le 

lly,lrr.< ort ;,,.,.C' 
71- hnptan"a te 

l'PT1aeab I II ty coeH irlenl Ethrr -wale ,· part I l Ion 
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Durrhei• et al. ( 1980: 783) 

OOrrhe I• el a I. (19RO : 71U) 

3olith (191\2 : 127) 

Saith ( 19112 : 12/) 

5fllith (1982 : 127) 

SMith (1962 : 17.7 ) 

Srnlt'1 ( 191\2: ll1) 

Sm ith ( 19117 : 177) 

'j,nith (1<1P7: P i) 

Cn11andc r (19~9:717) 
Ro~, (1951 : 22Q) 
Sandell ( 1966: J.'lO) 

Col larulr.r ( 19~9 : 117) 
Ross (1951 : 229) 
~•ndell ( 1966 : JJfl ) 

Collander (1949:717) 
Ross (1951: 229) 

Ros s (1'151 : 229) 

ll11nsch & Lee, ( lQ Jo : 1611 ) 

(I) 

Kat, ~ ~h11i~h ( 1"6~ : ~91) 
Nath:i n~olon ( 1961' : 365) 
Flynn (1971 : 1-191 

KAll f, !\hAi~h ( l "<i5 : ~9IJ 
Mantlra Pt al . (1'111) : 109) 
flynn ( 1'171 ; 34!') 

Flynn (197 1: 3~9) 
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In order to obtain a complete set of data on l.ioth the permeabi Ii= 

ty coefficients and the ether-water partition coefficients of the 

abovementioned compounds , it was necessary to assess the permea= 

bility coefficients of urea, thiourea, glycerol and glucose and 

the ether-water part it ion coefficients of some of the hydrocor= 

tisone 21-n-alkyl esters . 

The results of the investigations into the permeability of urea, 

thiourea, glycerol and glucose through hairless mouse skin in 

vitro are presented under paragraph 4.3. Although all the par= 

tition coefficients which are necessary for the correlation of 

permeability and ethe r-water partitioning, are available in the 

literatun! or can be calculated from the available literature, the 

ether-water partition coefficients of urea, thiourea, glycerol and 

glucose and hydrocortisone and its 21-n-alkyl esters were deter= 
mined in this study. The reasons why this was done, are given 

under paragraph 4.2. 

4.2 DETERMINATION OF ETHER-WATER PARTITION COEFFICIENTS 

The ether-water partition coefficienls of the selected hydrophi= 

lie compounds, urea, thiourea, glycerol and glucose have been 

determined by several workers (Collander, 1949:717; Ross, 1951: 

229; Sandell, 1966:330). They determined these values by means 

of rather outmoded laborious techniques. It was therefore deci= 

ded to assess the utility of a very simple radiotracer technique 

in this re<Jard while simultaneously assessing the validity of the 

existing ether-water partition coefficients of some compounds 

critical to the analysis. 
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It was also deridetl to determine the ether-water parl ition cnef~ 

fie ients of hydrocortisone anrl ils 21-n-alkyl estus (up to 

hyd!"ocortisone-21-heptanoate) by mea11s of an llrLC method (Smith, 

1982:112). This was done to supplemPnt exist i ng dat.~ and r1s a 

ch~ck on the results of Flynn (1971:J4q), Katz and Shaikh (1965: 

591) and Mantica et al. (1970:109). 

4.?.I LOW MOLECUL/\R WEIGIIT. IIYDROPHILIC COMPOllHDS (IIRE/1, 
THIOUREA, GLYCEROL ANO GLUCOSE) 

The ether-water partition coeff ic i1rnts of urea and thiouren we1·e 

reported by all three of the above-mentioned authors, but those of 

glycerol only by Callander (1949:717) and Ross (1951:229) and 

those of glucose were only Approximated by Ross (1951:229) . lhe 

radiotracer method should be sPnsitive eno:Jgh to determine the 

partition coefficient of glucose more accurately and reliably 

enough to supplement and validate the existing data. 

4.2.1.l EXPERIMENT/\L 

4.2.1.l.1 MATERIALS 

D-(1-1
4

C) Glucose
1

• supplied in a sterile aqu~ous solution contai = 

ning 3 per cent alcohol . 

1Amersham Corporation. Arlington Heights, Illino is. 
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(l,3-
14c) -Glycerol 1, supplied as a sterile a~ueous solution. 

( 14C)-Thiourea2, supplied as a powder and made up in reagent grade 

ethanol. 
( 14c)-u"rea2, supplied as an ethanol solution. 

. 3 
Double-distilled water and analytical reagent grade ether were 
used to prepare the co-saturated phases. See table 4-2 for more 

information on the radio-labelled compounds. 

4.2 . l.l.2 PROCEDURE 

Water and ether were added to a 120 ml separator and shaken to ob= 
tain co-saturation of the phases. The separator was set aside for 

24 hours to allow for temperature and further phase equilibrium. 

All remaining steps were carried out at room temperature (23±1°C). 
Two millilitres of the water phase 

. 14 b f . . t 5 via y means o a m1crop1pe te 

the 2 ml water phase was recorded. 
ether phase was placed in the vial 

were placed in a scintillation 

The weight of the vial plus 
An appropriate amount of the 

(2-4 ml). A sample of the 

radio-labelled material was placed in the vial (20-50 ul) my means 
of a micropipette. The vial was thoroughly shaken by hand for 2 

2 New England Nuclear, Boston, Massachusetts. 

3 MCB Manufacturing Chemists, Inc .• Cincinnati, Ohio. 

4 Disposable Kimble Vials (20 ml Borosilicate Glass). 

5 Finnpipette, Variable modules, Labsystems OY, Helsinki. Finland. 
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Table 4-2 The stuctural formula, fonnula weight, specific activity 

and radioac~ive :oncentratio~ of the radiolabeled glucose, glycerol, 
thiourea and urea used in the part i tioning and permeation studies. 

Compound Structural formula Fonnul a Specific Radioactive 

weight activity concentration 
mC i / mmo 1 1JCi / ml 

D-(1-' 4c)Glucose * CHO(CH0~) 4cH20H 182 ,0 61, 1 200 

(1 ,3- 14 c)-Glycerol * 
,. 

HOCHzCHOHCH20H 92, 1 ~3,4 100 

( 14 c)-Tniourea * H2NCSNH2 76, 1 47,5 400 

( 14 c)-Urea * HzNCONH2 60, 1 53,5 500 

* Radio-active labeled carbon atoms. 
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minutes and allowed to stand for 20-30 minutes to assure 

complete phase separation. 

Uecause of the volatility of the ether, the weight of the vial 
plus contents was recorded just before the samples were taken in 

order to calculate the volume of the ether phase. The samples 

frooi the ether and water phases were taken with great care not to 

disturb the phase equilibrium. Three samples per phase per vial 

were taken. The samples were put in 10 ml scintillation coctai1 6 

and analyse!I with a scintillation counter7. 

4.2.1.2 RESULTS 

The ether-water partition coefficients of the selected hydrophilic 
compounds as detennined by means of a simple radiotracer procedure 

are l istP<l in table 4-3. 

4.2.1.3 DISCUSSION ANO CONCLUSIONS 

The 1 og of the ether-water part it ion coefficients obtained in 

this study is listed together with those of other workers in table 
4-4. 

When the ether-water partition coefficients obtained in this study 
are compared to those of other workers, there seems to be an ex= 

cellent correlation between the values of thiourea and urea and a 
6 

Aquasol, ew England Nuclear, Boston, Massachusetts. 

7 
Beckman LS 9000 Liquid Scinti11ation Systems, Beckman Instruments, 
Ins . , Fullerton. California. 
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Table 4-3 The ether-water partition coefficients of glucose, 

urea, glycerol and thiourea as determined by a 

radiotracer procedure 
-----

Partition Standard Log pilrt it fon 

Compound coefficient deviation coeffi cient 

Glucose 8,7 X 10-6 2 ,7 1. 10-6 (5) -s,or. 

Urea 3,2 X 10-4 0, 7 x 10-4 (6) -3 ,'1 9 

Glycerol 5, 1 X f0- 4 0,9 x 1 o-4 (6) -3,29 

Thiourea 7,2 X 10-3 2 ,3 X to-3 (5) -2, 1-1 

1 tlumber of determinations in brackets. 
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Table 4-4 The log of the ether-water partit ion coefficients 
obtained in this study for glucose, urea, glycerol 

and thiourea and those by other authors. 

Compound Log partition coefficient Reference 

Glucose -5,06 Th is study 
< -4,00 Ross (1951 :229) 

Urea -3.49 This study 
-3,52 Sandell (1966:330) 

-3,30 Ross ( 195 t :229) 

-3,33 Callander (1949:7!7) 

Glycerol -3,29 Th is study 
-2,96 Ross (1951 :229) 
-3, 18 Callander (1949:717) 

Thiourea -2,14 Th i s study 
-2,10 Sandell (1966 :330) 

-2 , t4 Ross (1951:229) 
-2 ,20 Collander (1949: 717) 
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ra ir rorrPlat ion in the case of glycerol. The ether-Wil ter 

part it ion coefficient of glucose was only reported by Ross ( 1951} 

who gave only a maximum value because his analytical methods were 
not sensitive enough to determine the extremely low concentration 

of glucose in the ether phase. 

It can be concluded that the simple radiotracer tec:hnique that 

was used in this study gave rerroducible results which comµared 

very well to values found by earlier workers who USPd other 
techniques. In the c~se of glucose, the radiotracer technique 

seems to be sensitive enough for an accurate estimation of the 
ether-water partition coefficient and it seems to be of superior 

sensitivity to the methods used by previous authors. 

The radiotracer method is not only very sensitive to very low 

concentrations but also very simple and economical bolh as lo 

time and reagents. 

4.2.2 HYDROCORTISONE AND A SERIES OF HYDROCORllSONt 21-n-ALKYL 
ESTERS 

The ether-water partition coefficients of hydrocortisone were 

reported by Katz & Shaikh ( 1965: 591) Na tha nsohn ( 1968: 365) and 

Flynn (1971:349), those of hydrocortisone-21-acetate by Katz & 
Shaikh (1965:591), Hantica et al. (1970:109) and Flynn (1971:349) 

and those of hydrocortisone-21-butyrate and hydrocortisone-21-
hexanoate only by Flynn (1971:349). 

ll1P values found by the different workers differed subst~ntiillly 
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and except for hydrocortisone and hydrocortisone-21-acetate the 

data on the ether-water partition coefficients of the other hydro= 
cortisone 21-n-alkyl esters were only assessed by Flynn (1971·: 
349) and were otherwise unavailable in the literature (see table 

4-6). 

The objective of the ether-water partition coefficient determina= 

lions was to supplement the infonnation available in the litera= 
ture and to verify the values found by previous workers. This 
was because this series of compounds can be considered proto= 
typical of the corticosteroids and therefore the permeability 

of all the compounds through mouse skin was actively researched 
by Smith (1982:100). The ether-water partition coefficients of 
the whole series of hydrocortisone and its 21-n-alkyl esters were 
to be determined by means of a HPLC method. This method obviated 
concerns of impurity of the compounds as it is molecularly speci= 
fie. 

4.2.2.1 EXPERIMENTAL 

4.2.2.1.1 MATERIALS 

8 Hydrocortisone was obtained from the Upjohn Company and was 

used without further purification. The hydrocortisone 21-n-alkyl 
esters (acetate through to heptanoate) shown in figure 4.1 were 

synthesized as outlined by Hagen (1979:119) and Smith (1982:102) 
by reactino an excess of the anhydride of a specific acid with 

8 Upjohn Company, Kalaaazoo, Michigan. 
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OH 

Fi gure 4-1 Structural configura ti on of the homologous 
hydrocort i sone 21-n-alky l esters (Hagen, 1979:121). 



5 g of hydrocortisone in 100 ml of pyridine. 

Double-distilled water and analytical reagent ether9 were used 
to prepare the co-saturated phases. 

4.2.2.1 .2 rROCEDURE 

Wa ter and ether 1-1ere added to a 2 litre separator and shaken to 

obtain co-saturation of the phases. The separator was set aside 

for 24 hours to allow for t~nperature and further phase equili= 
briun. All remaining steps were carried out at room temperature 

(23_tl°C). An appropriate amount of steroid (from l-10 mg, dep,?n= 
ding on the steroid) was accurately wei9hed and put into a 50 ml 
conical flask. This was dissolved in the ether phase, which was 

maintained at approximately 25 to 50 ml. An appropriate amount of 
wa er phase (25-500 ml depending on the solubility of steroid) 

was placed in an appropriately sized separator (60-1000 ml). The 

steroid solution in the ether phase was added with no attempt to 

rinse any residual steroid from the flask or funnel used. The 

phases were shaken intermittently, allowing sufficient time be= 
tween agitations for the phases to reform. 

The system was allowed to stand for 20 to 30 minutes to assure 

ccnplete phase separation. Then the aqueous phase was transfer= 
red to a clean, appropriately-sized separator with great care 
taken to assure that no ether phase contaminated it at this point. 
The ether phase was in111ediateli transferred to a 100 ml round 

bottom flask, the phase weight was recorded and the phase was 

9 
MCB Manufacturing Chemists, Associate of E. Merck, Uannstadt. 
Gennany, 2909 HiQhland Ave., Cincinnati. Ohio. 

60 



JO evaporated to dryness on a Budd evaporator The aqueous 

phase was extracted with four 25 ml portions of •ethylene chlo= 

ride and the extracts were collected in a 750 ml round bottom 
flask . The combined extracts were then evaporated lo dryness on 

the evaporator. The dried-phase residues were recon~tituted 
with reagP.nt grade methanol 11 (usually 5· 25 r,11 of 111ethanol for 

the aqueous phase residue and 25-50 ml of methanol for the ether 

phase residue) and assayed by the following HPLC procedure 

(llagen. 1979: 121). 

A Waters Assosiates solvent delivery system12 and ahsorbance 

detector 13 were used with a reverse phase high efficiency liquid 

chromatography column 14 . The mobile phase was a 70:30 mixture of 

reagent grade methanol and double-distilled water. The flow rate 
of the mobile phase was 1,0 to 1,5 ml/min. The attenuation refe= _., 
rence used was 0,1, the injection volume was 50 ,,1 and the chart 
speed 0,25 cm/min. An Omniscribe recorder 15 was used. The peak 

heights of the samples were compared to a concentration standard 
curve. The separation of hydrocortisone and its 21-n-alkyl es= 

ters on an HPLC chromatogram is shown in figure 4-2 . 

lO Buchi Rotavapor-R, Brinkman Instruments, Westbury, New York. 

11 
Methanol Anhydrous Reagent ACS, MCB Manufacturing Chemists, 
Cincinnati, Ohio. 

12 
Model 6000A, Waters Assosiates, Jttc., Massachusetts . 

JJ Model 440, Waters Assosiates Inc. 

14 1.1Bondapak c18 , Waters Assosiates Inc . 

15 Omniscribe TM Series 8-5000, Houston Instrument Texas. 
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HPLC chromatographic system: 

Column :J-' Bondapak c18 
Solvent : Methanol:water, 70:30 

Flow rate: 1 ml/min . 

HC-5 

HC-6 -

HC -7 
/ 

HC-4 

J I.,_ ___ .,,/ L--J ~ U 

12 10 8 6 4 

,- -HC-2 

.,_.,._,....- HC - 3 

..... 
~ 

<..,. 
It) 
n ..... 

l....).....,,~._. ... 

2 0 
Volume of solvent (ml} 

Figure 4-2 Seperation of hydrocortisone and its 21-n-alkyl 
esters on an HPLC chromatogram under the specified 

conditions (unequal concentrations). 
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4.2.2.2 ~ESULTS 

The ether-water partition roefficients of hydrocorllsone and the 

seri~s of hydrocortisone 21-n-alkyl esters is listed in tahle 

4-5 . 

4.2.2 .3 DISCUSSIO AND CONCLUSIONS 

The log of the obtained ether-water partition coeff icients is 

listed together with those of other workers in tablP 4-6 . 

All the ether-~ater partition coefficients obtained in this study 

are in general of the same order as those obtained by others. 

In the case of hydrocortisone the value obtained in this study is 

nearest to that obtained by Nathansohn et al. (1968 :365). The 

value found for hydrocortisone acetate is almost identical to that 

obtained by Flynn (1971 :349). The values obtained in this study 

for hydrocortisone-21-butyrate and hydrocortisone-21-hexanoate 

are a little higher than those obtained by Flynn (1971:349). 

The parameter • as defined by Fujita et al . ,(1964:5175), which 

describes the partit ioning tendencies of substituents. can be 

used to calculate the ~CH values for the series of hydrocortisone 
21-n-alkyl esters. 2 

When the ether-water partition coefficients detennined for hydro= 

cortisone and its 21-n-alkyl esters (table 4-5) are plotted semi­

logaritlwnically as a func t ion of alkyl chainlength a straight 

line relationship is found and the slope of the plot is then 

v~lue (figure 4-3 ) . 
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Table 4-5 The ether-water partition coefficients of hydro­

cortisone and its 21-n-alkyl esters. 

Partition Standard Log partition 

Compound coefficient deviation coefficient 

Hydrocorti sone (H) 1,42 0,08 (8) 0, 15 
H-21-acetate 26,9 0,6 (4) 1,43 

H-21-propi te 94,7 2,5 (3) 1,98 
11-21-butyra e 303 19 (3) 2,48 
H-21-pentanoate 905 61 ( 3) 2,96 
H-21-hexanoate 4048 85 ( 3) 3,61 
H-21-heptanoate 13707 3411 (4) 4, 14 

1 Number of detenninations in brackets. 
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Figure 4-3 The log~rithrn of the ether-water partition coefficient 

(kp} as a function of alkyl chainlenqth for hy~rocorti­

sone ijnd its 21-n-alkyl esters. 
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la~IP. 4-6 The log of the ether -water partltiOfl coefficients (109 kp) of 

hydrocort t sone and Its 21-n - ~l ► yl esters obtained in this study 

~nd those of other aut.hors 
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lhe " values found in this study and according to the data of 

Flynn (1971 :349) are 0,542 and 0,536 "'ith correlation coeffi = 

cients of 0,9992 and 0,9985 respertively. TI1e excPllent corre,. 

lation found in this study is Indicative of the reliability of 

lhe lll'LC method. Consequently it can be concluded that the ether­

water pitrtit ion coefficients of hydrocorl isone and its del"iva= 

lives found in the 1 iterature were relatively rel iahle estimates 

easily and accurately verified in this work . 

4.3 ASS[SSMENl or THE PE:RMEABllllY CO[fflCIENlS or URE/\, 

THIOUREA, GLYCEROL ANO GLUCOSE THllOUGII IIAIRLESS MOUSE 

SKIN IN VITRO 

4.3.1 INTRODUCTION 

As indicated in table 4-1, no permeability coefficients have been 

determined for the abovernentioned hydrophi 1 ic compounds with re -= 

gard to the in vitro penneation of hairless mouse skin. I\ pre= 

vious worker (Treherne, 1956:171) used rabbit skin. a highly ques= 

t ionable membrane choice . In order to make poss iblP. an inciuiry 

into the relationship between the penneability coefficients and 

ethP.r-water partition coefficients of these compounrls, it WdS 

necessary to ohtain accurate permeabi 1 ity coefficients in a more 

arcer,li1ble model system likP. the hairless mouse system . 

Oecause these rla ta l'li 11 be considered together with tho~e on ;1 

series of alkanols and on hydrocortisone and it.s 21 - n-alkyl 

esters, all obtained using the same basic in vitro procedure and 
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hairless mouse skin as developed by DUrrheim et al. (1980:781) 

and employed by Smith ( 1982 : 100). 

4.3.2 EXPERIMENTAL 

All the permeation studies were done by determining the permeation 

profiles of the radio-labelled hydrophilic compounds through full 

thickness or sect ions of hairless mouse skin in a diffusion cell 

system. Sink conditions were maintained throughout all detenni= 

nations. 

4.3 . 2. l MATERIALS 

The same stock solutions of radio-labelled compounds as descri= 

bed under 4.2.1.1.1 were used. The concentrations in which the 
different compounds were used are listed in table 4-7. The 

. 16 17 17 
analytical grade of unlabel led urea • glycerol and glucose 
was also used. All the abovementioned compounds were used as 

received with no attempt to confirm or increase the purity. All 

stock solutions were kept in a refrigerator. Stock solutions of 

the unlabelled compounds were freshly made up before each 

experiment. The diffusional media used in these experiments were 
prepared from 0,9 per cent sodium chloride for irrigation. hence= 

forth referred to as normal saline18 because of its isotonic 

16 Mollincrodt, St. Louis, Missouri. 

17 Fisher Scientific Company, Chemical Manufacturing Division, Fair 
lawn, Hew Jersey. 

18 
Normal Saline for Irrigation, Abbott laboratories, North Chicago, 
Ill inoic:. 
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I 
Table 4-7 Concentrations in which glycerol, urea, glucose and 

thiourea were used in the permeation studies 

Concentration unlabelled Concentration labelled 

compound in donor and compound in donor respon-
sible for cunc~ntration 

Compound receiver cells gradient 

Glucose 0 ,01 H , 3 ,33 X I0- 6 H 

Urea 0,01 H 9, 16 X 10-6 H 
!-

I0-6 H 
.,j' 

Glycerol 0,01 H 5 ,75 X ... 
Thiourea 2 ,63 X 10-5 H 
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character and also because of its extens ive use in penneation 

experiments on the alkanols and hydrocortisone and its 21-n-alkyl 

esters. 

4.3.2 .2 MOUSE SKIN MEMBRANE PREPARATIONS 

The abdominal skin from the hairless mouse 19 was used exclusively 

in this study. Male mice over the age of 90 days were used since 
studies by Behl and co-workers have showed that the age-related 
variability of alkanol permeability coefficients could be mini= 

ized by using older animals (Smith. 1982:103) . 

The mice were killed by severing the spinal cord. Four abdominal 
sections of full thickness skin, each about 1,5 square centimeter 
in area were removed from the mouse by blunt dissection (figure 
4-4) and mounted between the cells of four glass diffusion cell 

systems (figure 4-5). The necessary precautions were observed 

during the preparation and execution of each experiment that the 
skin was not been subjected to stretching and too much stress 
during manipulations like rinsing and filling of the diffusion 
cells. 

Oennal tissue was obtained in the following manner: Full thick= 

ness abd011inal hairless mouse skin, mounted in a large diffusion 

cell system (4,9 cm2 exposed to diffusion medium and 20 ml capaci= 
ty) was soaked in normal saline at 37°c for 12 hours. The skin 

was removed and the epidermis peeled off. using two micropipette 

tips as tweezers. The dermis was then mounted in a small 

19 SKH-hr-1, Skin Cancer Hospital, Temple University, Philadelphia, 
Penssylvania . 
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Figure 4-4 Schematic diagraM of the sections of hairless 

mouse abdominal skin used for all the exrerin~nts 

with the small diffusion cells . Oi~meter of the 

diffusional area is approxir.vitely one centimeter . 
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diffusion cell system (0,7128 cm2 exposed to diffusion medium 

and 1 ,3 m1 volume). !l'llllediately after this procedure the dermis 

experiment was started. 

4.3 .2.3 GENERAL PROC EDURES 

The diffusion ce11 system consisted of two cells with a volume 
of approximately 1,3 ml each. When the skin is mounted (clamped) 
between the cells an area of 0,7128 cm

2 of skin is exposed to the 
contents of the cells. The contents of each cell were stirred by 

a small propeller-type stirrer. 

The diffusion cell system was mounted in a waterbath in which the 

temperature was maintained at 37+1°c . The stirrers were connected 
to motors 20 which maintained the- stirring speed at 150 rotations 
per minute. All the experimental variables e.g. temperature and 

stirring speed, were checked at regular intervals during each ex= 
periment. 

The eel l in which the high concentration of compound was put, was 

called the donor cell and the other cell in which the concentra= 
tion was kept as low as possible was called the receiver cell. 
The essentials of a sink condition were maintained throughout 

20 
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Model CA115V constant-speed motor (150 rrrn), Hurst Manufacturing 
Co., Princeton. Indiana. 
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=· ...._~~c 1 amp 
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DIFFUSION CELL SET-UP 

Figure ~-5 Glass diffusion cells and experimental set-up 
used for the permeation experiments. 
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each experiment, which means that the receiver cell should 

contain an infinitely small concentration of the diffusing com= 

pound in comparison to the concentration in the donor cell. The 
limit was taken that the receiver cell should not contain a higher 

concentration than five per cent of the donor cell concentration 

of radio-labelled compound. This means that the thennodynamic 

driving force was not allowed to drop below 90 per cent of the 

original level. After each piece of skin was excised and clamped 
between the two cells, the cell system was put into the waterbath 
and 1,2 ml of a normal saline solution (prewanned to J7°C) was 

put into each cell. 

After all four cells systems were put in the waterbath, the 

stirrers were connected to the motors. The skin was bathed in 

this manner for a half hour to one hour before the experiment 
c001111enced. 

As necessary to exchange the medium in either cell, the contents 

of the cells were removed by means of a syringe with a piece of 
plastic tubing connected to the needle for easier evacuation of 

the cell. In all experiments a standard voltllle of 1,2 ml was 

put in each cell . Samples of 20 ul and 400 ul were respectively 
taken from the donor and receiver cells at specified time inter~ 

vats and replenished accordingly. The samples were put in 10 ml 

of a scintillation coctait 21 before being analysed in a scintil= 

lation counter22 . 

21 Aquasol, New England Nuclear, Boston, Massachussets. 

22 Model LS 9000 liquid scintillation counter, Beckman Instruments, 
Fullerton, California. 
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All the manipulat Ions that required the measur ing of accurate 

volumes, were done hy means of D1icropipettes 23 Belween nia11ipula= 
tions the sample-taking ports were closed by aeans of micropi= 

pettP. tips of which the tips were wrapped in Pararitm24 before 
using them as stoppers for thp ports . 

4.3.2.4 CALCULATION OF THE PERMEABILITY COEFFICIENTS 

The theory underlying the calculation of penneahilily coefficients 

has already been thoroughly discussed (Aquiar and Weiner, 1969: 

210; OUrrheim, 1977:57; Flynn, 1979:289~ Smith, 1982:'18). 

Since sink conditions were maintained throughout each experiment. 

the equation derived from Fick's law could be used for the cal= 
culation of the permeability coefficients. The penneability 
data were plotted as counts (amount of permeant) collected in the 
receptor comparbnent as a function of time. Correction was made 

for sampling, which was done by replacenent. The penneahility 

coefficient at different points in a run was calculated from: 

( Eq. 1) 

where J1 is the total flux and also the slope of plots of the 

amount penetrated versus time (counts per minute)~ Pis the 

penneab i 1 i ty coefficient (centimeters per hour); A is the cl if= 

fusional area (square centimeters); and hC is the concentration 

23 Variable module Finnpipettes. Manufactured by Litbsystems, Hel = 
sinki, Finland, Obtained from Markson Science, Chicaqo, llli= 
nois. 

24 Parafilm, American Can Company. Greenwich. Cincinnati l Ohio. 
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differential across the membrane , which was taken to be equal to 

the donor phase concentration (counts per cubic centimeter). It 
should be noted that J1 is to be differentiated from J. the flux 
per unit area, as used earlier. The concentrations were expressed 

in tenns of counts from a 400-ul sample . Thus, the penneability 

coefficient is calculated fr001: 

p 

and since JT = dM/dt 

p = 

V(dC/dt): 

V dC 
M 
~ 

( Eq. 2) 

( Eq. 3} 

where V is the half-cell volume and the voline of the receptor 
COl'lparbnent (cubic centimeters) and dC/dt is the steady-state 
slope in counts per minute per cubic centimeter. The computed 
permeabi 1 ity coefficients were converted to centimeters per hour 

by multiplying by 60. 

4.3.3 RESULTS 

The typical permeation profile found with thiourea is presented 

in figure 4-6. The insert on the graph represents the detailed 
profile over the first four hours. There is a definite biphasic 
character to the profile. 

An example of the typical donor and n!ceiver cell concentrations 
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Figure 4-6 The cu111Jlative amount of ( 14c)-Thiourea (counts per 
minute) in the receiver cell as a function of time 

when permeated through fu 11 thickness hairless mou se 
skin . 
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for urea over a per iod of 30 hours is presented in table 4-8 . 

The penneabil ity coeffi cients of these compounds when penneating 
full thickness and the dennis of hairless mouse skin are presen­

ted in table 4-9. 

4.3.3 DISCUSSION AND CONCLUSIONS 

With urea, glycerol and glucose an acceptable, reproducible pro= 
file could not be obtained by using only a tracer amount of radio­
labelled material in the donor cell. Although a decrease of con= 

centration in the donor cell could be measured. the concentra= 
tion i n the receiver cell did not reflect good mass balance. It 
was concluded that t hese compounds were being sorbed and bound 
or metabolised and bound in the skin or on the surfaces of the 
diffusion cell. 

It was found that by putting a 0,01 M unlabelled solution of the 

compound in both the receiver and donor cells, the sorptive ca= 
pacity of the cell system, including the skin, was saturated and 

the pen11eation of the radio-labelled compound could easily be 
followed. After addition of unlabelled solutions of urea, 

glycerol and glucose, essentially the same permeation profile as 
obtained with thiourea was observed for these compounds. 

It seemed as if a mass balance was almost inmediately obtained 
at the start of the experiment and that the typical lag time 
phenomenon (OOrrheim et al .• 1980:783; Smith, 1982:125) was 

absent in the case of these compounds. Because of the very slow 

permeation rate of the hydrophilic compounds over the first few 

78 



Table 4-8 An example of the typital donor and recei•er cell 

concentrations for urea over a period of .30 hours 

Tiae 
(hours) 

Concentration in donor 1 cell (counts per minute) 
Concentrati on in recel ver2 cell (counts per minute) 

10 

20 

30 

712 950 

711 400 

733 500 

1 043 

3 383 

6 156 

The ca lcu 1 a ted average concentration in a 400 11 l s-~lllJi I e used as 
the concentration different ia 1 ( flC) in lhe ca I cu h linn of the 
permeability coefficient. 

2 Without correction for uilution in a 400 111 sample. 

Table 4-9 The penneability coefficients of glucose. urea , 

glycerol and thiourea for full thickness l~ir less 

mouse skin (first 6 hours) and dennis of hairless 

110use skin 

Permeability coefficient Permeability coefficient 

Compound full thickness (cm/hr) dermis (on/hr) 

Glucose 9,5 X 10-S 0,29 

Urea 1,2 X 10-4 0,68 

Glycerol 1,4 X 10-4 0,41 

Thiourea 9,6 X 10-5 0,62 
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hours, an extemely slow build-up of radio-labelled compound occ1ffs 

in the receiver cel l. There is therefore a problem with the ac= 
curacy of experimental data over the first six to ten hours of an 

experiment due to the difficulty in detecting the exact concentra= 
tion of the compound in the receiver cell. 

Another way of detennination of the permeation profile would have 

been to measure the loss from the donor cell instead of the gain 

in the receiver cell. But the concentrat ion in the donor cell has 
to be much higher tha n that in the receiver cel l to provide a 

sufficient concentration gradient over the skin and the disap= 

pearance of ii sma ll amount of radi o-labelled compound (e.g. 100 

counts per minute) from a very high amount (e .g. 400 000 counts 
per minute) is almost undetectable. A very small error in sample­
taking from the donor, e.g . a 0,251 error would present a diffe= 
rence of 1000 counts per minute on 400 000 counts per minute. 
The magnitude of the abovementioned problem is increased by the 

variation in the counting of the scintillation counter. 

An interes ti ng phenomenon encountered with all four of the studied 
hydrophilic compounds, was a continuously increasing permeation 

rate as a function of time. The penneability coefficients as 

calcul ated over the first six hours and last s i x hours of a 30 

hour run of each of the compounds are presented in figure 4-7 as 

a function of their ether-water partition coeffic ients. This 

was a phenomenon not encountered previously with water and the 
n-alkanols. For that matter, the same tissue was •stable• to 

the penetrat i on of corticosteroids for well over a day's time. 

A remarkable similarity is found when the initially estimated 

permeability coefficients obtained in this study are compared 
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to those obtained by Treherne (1956:171). He used the same 

compounds but his me:nbrane was excised rabbit skin. The 
in itial estimates were lhose based on the first 6 hours of the 
exper iments. See fiqure 4-8 for the values found in this study 

a11d those of Treherne (1956:171) for full thickness skin and cter= 
mis. 

Although the quantitative values for rabbit dermis (Treherne, 

1956 :175) are approximately ten times smaller than those found 

for hairless mouse dermis , exactly the same tendency is found for 

both species when permeability is taken as a function of the 
ether-water partition coefficients of the hydrophilic compounds. 

There appea rs to be very little dependency of penneab ility on the 

polarity of the four compounds that were studied. 

It can be co11cluded that when only the first six hours of the 
experi111£>r1ts are taken into account, the permeability coefficients 
of urea, thiourea, glycerol and glucose for full thickness hair= 

less mouse skin are very low and closely grouped between 
1 x 10-

4 and 1,4 x 10-4 cm/hr. The changing penneability of 

these compounds with time and especially past 6 hours is dealt 

with in a later chapter. The permeability coefficients found for 
the dermis are grouped between 0 ,3 and 0.7 cm/hr, which represent 

in general higher values than the highest value of 0,32 cm/hr 

found for methanol by Dilrrheim (1977:134). 
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4.4 DISCUSSION ON THE RELATIONSHIP BETWEEN THE ETHER-WATER 
PARTITION COEFFICIENTS AND PERCUTANEOUS ABSORPTION THROUGH 
HAIRLESS MOUSE SKIN OF COMPOUNDS RANGING MUCH IN HYDRO= 
PHOBICITY 

The objective when comparing the permeability coefficients of 

compounds ranging so widely in hydrophobicity to their ether­

water partition coefficients is to see whether a pattern emerges 

which can be used as a guide to the possible mechanisms by which 

these compounds traverse the skin and particularly the stratum 

corneum. It that could be done, the ether-water partition 

coefficient of a compound can be used as a parameter in estimating 

its permeability coefficient through the skin. 

The ether-water partition coefficients of urea, thiourea, glycerol 

and glucose, a series of alkanols and hydrocortisone and its 

21-n-alkyl esters and their permeability coefficients through 

·hairless mouse skin in vitro are listed in table 4-10. These 

values are plotted on a log-log scale in figure 4-9. 

The permeability coefficients of the hydrophilic compounds 
-4 (glucose , urea, glycerol and thiourea) vary only from 1 x 10 

to 1,4 x 10-4 cm/hr while their ether-water partition coeffi= 
-6 -3 cients vary from 9 x 10 to 7,2 x 10 . There is no correlation 

between the partition coefficients and permeability coefficients 

for these compounds, which might indicate that permeation of 

hydrophilic compounds with ether-water partition coefficients 

very much less than unity does not depend upon the lipophilicity 
of the compound. 

The mechanism of permeation of such hydrophilic compounds through 
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Ta!>le 4-10 The permeability coefficients ind ether-water part ition 

coefficients of glucose, urea, glycerol and thlourea, a 

homologous series of alkanols ind hydrocortisone and its 
21-n-alkyl esters (see f igure 4-9) 

Compound Penneability coefficient Ether-water partition 
(cm/hr) . coefficient 

Glucose 9,5 X 10-5 8,7 X ,o-6 

Urea 1,2 X 10-4 3,2 X I 0--4 

Glycerol 1.4 X 
10_., 5, 1 X 10-4 

Thiourea 9,6 X 10-5 7,3 X 10-J 

Methanol 2,6 X 10-3 2 9,6 X ,o-z 3 

Ethanol 4,8 X 10-3 2 2 ,8 X 10-1 3 

Propanol 5,4 X ,o-3 2 9,4 X 10-1 3 

Butanol 1 ,5 X 10-2 2 5,9 3 

Pentanol 2,2 X 10-2 2 1,6 X 101 3 

Hexanol 4,8 X 10-2 2 6,3 X 10 1 3 

Heptanol 9,3 X 10-2 2 2,4 X 102 4 

Octanol 9,7 X 10-2 2 8,9 X 102 4 

Hydrocortisone 1 ,6 X 10-4 5 1,4 

Hydrocortisone-21-acetate 1, 7 X ,o-3 5 2,7 X 10 1 

-21-propiona te 9,8 X 10-J 5 9,5 X 101 

-21 -butyrate 4,3 X 10-2 5 3,0 X ,oz 
-21-pentanoate 7, 1 X ,0-2 5 9, 1 X 102 

• -21-hexanoate 2,0 X 10-1 5 4, 1 X 103 

-21-heptanoa te 3,4 X 
to_, 5 1,4 X 104 

1 Experimentally obtained in this study - first six hours of the experiment. 
2 Taken froni DUrrheim (1977:118). 
3 Taken fr0111 literature values as detailed in table 4-1 (Hansch & Leo, 1979). 
4 Calculated from the literature values aentioned under 3. 
5 Taken from Smith (1982 : 127) - (values obtained without the enzyme inhibitor). 
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hairless mouse ski n might therefore be ma inly through the water­

filled intercellular channels in the stratum corneum. 

For the a1kano1s, the permeability coefficients seem to level off 

on going below a partition coefficient of 1 on the scale in fig ure 

4-9_ This corresponds to a lower limit permeability coefficient 
-3 for the alkanol series of about 5,4 x 10 cm/hr. 

It seems from figure 4-9 that there is a lower limit to permea= 

bility coefficients for hairless mous e skin. Thi s agrees with 

the suggestion made by Scheuplein and Blank (1973) that there is 
-6 

a fini te lower limit of approximately 10 cm/hr for human ski n 

permeability coefficients. There seems to be an upper limit at 

approxima tely 0,5 cm/hr, which corres ~onds roughly to the per= 

meability coefficients found for different compounds through the 

dermis only of hairless mouse skin (0Urrheim, 1977:134~ Smith, 

1982: 144). 

It is significant to note that for the compounds mentioned in 

figure 4-9 the ether-water partition coefficient changes with 

approximately ten l ogarithmi c orders while the penneability 

coefficients changes only four logarithmic orders. Thus w for 

partitioning into the lipids bf the stratum corneum may be the 

same for both the alkanol s and the hydrocortisone ester series 

but the ir for penneation may deviate markedly from this value 

(Smith, 1982:144). That means that different diffusional pathways 

exist for compounds of different polarities and that lipophil ici ty 

i s not the only determinant of diffusivity and rate of permeat ion. 

Consequently i t can be concluded tha t the skin does not act as a 

simple lipoidal barrier with regard to compounds ranging much in 
hydrophobicity. 
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This discussion of the relationship between elher-wdter partitio= 

ning and pP.rmeability was based on the pP.rmeability coefficients 

,:alculated from data obtained over thP. first six hours of an 

experiment. Out. r1s mentioned earlier, the penneation of these 

hydrophilic compounds increased gradually as a funct ion of time 

a phenomenon that w;is not mentioned in litP.ra ture on the permeati on 

of these compounds through oral mucosa (Siegel , IIJ81:139) or 

rabbit skin (TrP.herne, 1956:171),. It was therefore decided to 

study the causes of this phenomenon more extensi vely with urea. 

Consequently one should be cautious about drawing extensive con ~ 

clusions on the ether-water partioning/percutaneous absorption 

relationships while there ic; uncertainty about the permeability 

coefficient that should be U$ed. 

88 



CIIJ\PTER 5 JlERCUlANEOllS ABSORPl ION or lJREfl 

5. 1 I NTROOUCT JON 

While assessing the permeability coefficient of hydrophilic 

compounds in the preliminary study (Chapter 4) an increase in 

permeability as a function of time was noted (see 4. 3.3 and 4.3.~ 

for the detailed results and discussion). 

The main objective of this study was to systematically investi= 

gale different variables in orner to explain the reason for this 

phenomenon. The increase in permeabi Ii ty mc1y be affected by any 

one or a combination of tile following aspects: The permeating 

substances (urea and nonnal saline) may alter the niffusion path= 

ways in the skin mechanistically; the extensive cont.act with 

the stirred bathing media may lead to physical deterioration of 

the skin, since water -soluble components may be washed out of the 

skin and stil I another possibility may be that the extensive hy =­

dration of the skin makes it more susceptible to microbial attact. 

It has been reported in the literature that even extensive hydr;i = 

ti on of the stratum corneum does not impair its barrier proper t il?S 

(Scheuplein and Blank, 1971 :716; Behl et al . • 1980 :346). There = 

fore physical deterioration and microbial attact were not primary 

concerns especially because this increasin(l penneabil ity was eve11 

noticeable over the first six hours of an experiment. It wa s 

therefore decided to concentrate initially on the effects the 

permeating substances miqht have on the pennea t ion p;i t. tern. 

Urea was chosen for doing a more inlensive stuny on lhP pennea = 

hility patterns in relation t o other par;imeters because : 
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- reproducible results were obtained in the preliminary study 

with urea; 

- the increase in penneabil ity as a function of time was the 
most pronounced in the case of urea in the preliminary 

study; and 
-ur ea is used in many preparations for application to the 

skin, so that its effects on skin are interesting in their 
own right . 

By studyinq the effect of the following variables on the rermea= 
tion of urea through full thickness hairless mouse skin, one 

should be able to clarify the reasons involved in the observed 
phenomenon: 

The time before steady state is reached; 

the influence of hydration by measuring permeation after 
different prehydration times and by doing sequential per: 

meation studies on the same piece of skin; 

the influence of the isotonic bathing media by using nonnal 
saline, HOPS and TRIS at a pH of approximately 5,5 ; 

the influence of the concentration of the penneating com= 

pound by using three different concentrations, 

the effect of urea on the permeation of water and methanol 

by means of dual labe l experiments; and 

the effect of stripping on the penneation of urea. 

All the permeation studies were done in vitro by measuring the 
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pennealion of urea through hairless mouse skin by mNns of a 

diffusion cell system as described u11der 4.3 . 2 .3 . 

5.2 ASSESSMENT OF THE l lME TO REACII STE/\DY ST/\TE 

5.2.1 INTRODUCTION 

Wh i 1 e assessing the pennea bi Ii ty of the hydroph i I ic -::001;Jounds in 

the preliminary study it became evident. that a stearly state could 

not be obtained with urea within 30 hours; the permeation pro= 

file was still exhibiting logarithmic increases in penneation 

rate as a function of time at that stage. 

Based on work with other compounds the pen11eation rate maximum 

could be no larger than about 0,3 an/hr (OUrrheim, 1977:134 ) , 

which represents the maximum rate found for pennea t ion throu~h 

the dennis . 

5.2.2 EXPERIMENTAL 

5 .2.2.1 MATERIALS 

(
14

c) -Urea
1 

in a concentration of 3,5 x 10-5 
M was u~d. 

1 New England Nuclear, 549 Albany Street, Bos ton, Ma ~sachu~etts . 
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5.2.2.2 PROCEDURE 

The general procedure as described under 4.3.2.3 was followed. 

An isotonic solution of 0,01 M unlabelled urea 2 in nonnal saline3 

was placed in both donor and receiver cells for the reason~ men= 

tioned under 4.2 .1.1. A long continuous exper iment was executed 

and the cell contents were completely replaced every eight hours. 

Donor cell samples were only taken just before and after replace= 

ment of donor cell contents. Receiver cell samples were taken 

at 2-4 hourly intervals except overnight when only one receiver 

sample was taken in the morning before the replacanent of the 

contents of both cells. 

Since these studies on the penneation of urea were done in 

Po tchefstroom while the preliminary studies were done in Ann 

Arbor. USA. the following items used in the analysis of samples 
were different: scintillation vials4

, sc intillation coctail 5 

and the liquid scintillation counter6. 

2 Analar, Packed by G.D Searle, Johannesburg. 

3 Labethica, Sodium chloride 0,9% w/v pH app. 5,5, sterile pyrogen-
free, for intravenous use, Bethlehem. 

4 20 ml Glass vials from Beckman Instruments, Johannesburg. 

5 Aquagel from Chemlab, Sandton. 

6 TRI CARB 460C Liquid Scintillation System, Packard Instrument 
Co., Illinois. 
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lhe rest of the procedures and aµparatus wen• identi cal to 

that used in the USA . 

The hairless niic/ were a differen t species from those used in 

the IISA. 

5.2.3 RESULTS 

Table 5-1 and figure 5-1 give the relevant data on the time il 

took to obtain a steady state permeation rate of urea through 

full thickness hairless mouse skin. 

5.2 . 4 DISCUSSION AND CONCLU$10NS 

When the permeability coefficient is observed as a functi on of 

time a rapid increase in penneabil ity is seen over the first 96 

hours. Oetween 96 and 123 hours a steady state penuea ti on 

pattern is observed. This is in contrast to the results other 

workers obtained for the percutaneous absorption of other hydro: 

philic compounds like water , methanol and ethanol (lreherne, 

1956 :171; OLirrheim ~-, 1980:781) where a steady s t ate was 

reached within an hour after the experiment sta, ·ted . 

In this permeation study with urea it seems as if the ep iderma I 

barrier had undergone chanqes in the diffusion process with time . 

7 
Nude mutant qene from qenetic. backgt"Ound nALO/c x IIA/lcr, Dairy 
Researr.h Council, Irene . 
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Table 5-1 The penneability coefficient of urea at different 

time intervals for full thickness hairless mouse 

skin over a period of 123 hours 

Time Penneability coefficient Standard 

(hours) x 103 cm/hr deviation 

11 0,3 0,2 (4) 

21 1 ,4 1 ,4 (4) 

25 5, 1 4,9 (4) 
43 23,8 9,5 (4) 
51 86,6 42,3 (4) 
74 115,9 60,7 (4) 

96 199,6 91 ,2 ( 4) 
123 198,0 45,8 (4) 

Number of detenainations in brackets. 
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The question was whether it was due to the influence of the per= 

meating sub5tance or whether it was a hydration effect that had 

been observed. The tenn "hydration" should only be applied to 

instances where water is bound by components of the skin and par= 
ticularly the stratum corneum. It will be assumed that hydration 

does not cause any physical changes of the skin strata involved. 

5.3 THE lt◄FLUENCE OF HYDRATION 

S. J. l I NTROOUC TI ON 

According to hydration studies done by other workers (Behl et al., 
1980:346), hydration was not expected to have a large influence 
over the first 12-24 hours. The plateau phase was reached in 96 

hours in the previous experiments. It was therefore decided to 
hydrat.e the skin for different time intervals up to 96 hours be= 

fore starting a penneation experiment. The objective was to 

discrimina te between the hydration effect and the effect that 
urea might have had on the skin during penneation. 

5.3.2 EXPERIMENTAL 

5.3.2.1 MATERIALS 

The skin was hydrated with a nonnal saline solution. A labelled 
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"rea solution of 3,7 x 10-
5 

M wa s monitored as the f)f'1,11eating 

substance. Ouriny the pen11eation studies both the donor and re = 

cei ver cells contained 0,01 M unlabelled urea. 

5.3.2.Z PROCEDURE 

The same general procedure as described under 11.3 .2.3 and 5.2.2.2 
was followed. Four pieces of skin was hydrated simultaneously 

for 24, 48, 72 and 96 hours respectively before the pe1111eation 

experiment c0111nenced. 

5.3. 3 RESULTS 

The relevant data on the permeability of urea through full thick"' 

ne ss hairless mouse skin after the skin has been hydrated for 

different time intervals are given in table 5-2 and fiqun' 5-2. 

5.3.4 DISCUSSION AND CONCLUSIONS 

No significant difference in the penneabil ity pattern was found 

for the four different hydration times. This re~ult indicates 

that urea did not induce an increase in its own penneability in 

the concentration used in this experiment. It has lo be noted 

that a 0,01 M of unlabelled urea solution was used on both sides 

of the membrane during a penneation experiment. 

A possible explanation for the observed increase in re1 1?1eability 
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Table 5-2 The penneabllity coefficients of a 0,01 M urea 
solution after full thickness hairless mouse skin 
has been hydrated for different time intervals 1 

Time 
Chou rs) 

26 

29 

32 

49 

54 

72 

78 

102 
118 
119 

Penncability coefficient x 10 cm/hr 

Prehydration time intervals (hours) 
24 48 72 96 

10 
16 

24 

36 

57 

48 

78 
108 

179 

123 

45 

64 

105 

148 

148 
162 

183 

66 

97 

166 

172 

219 

115 

124 

173 

Four pieces of skin frOOI the same mouse were used . 
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with time may be the effect of the prolonged contact of normal 

saline with the penneation barrier. 

5.4 SE QUENTIAL RUN PROCEDURE 

5.4.1 INTRODUCTION 

The objective of this study was to do an ex periment comparable 

with those done by other workers (Behl et al., 1980:346) as a 

control of the effect of hydration. 

5 .4.2 EXPERIMENTAL 

5.4.2.1 MATERIALS 

Between runs the skin was r i nsed and soaked with normal saline . 
Each run was done with a 3,7 x 10-S M solution of label led urea. 

A 0,01 M urea solution in saline was used as the diffus ional 
medium. 

5.4.2.2 PROCEDURE 

The same general procedure as described under 4.3.2.3 and 

5.2.2.2 ~s followed, except that after each run the contents 

of both diffusion cells was removed and both cells were rinsed 
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five times with normal saline. Then each cell was fill with 

1,2 ml normal saline and left fo r approximately 12 hours . f.ach 

cell was rinsed another five times before the next rnn c encecl . 

Control samples of the rinsing and soaking solut ions a fter diffe= 

rent time intervals showed that this procedure was effici ent in 

eliminating labelled urea fr~n the previo11s run in eac h case. 

The saline rinses contained no urea and no urea wa~ p,·e · ent be = 

tween permeation experiments. 

5.4.3 RESULTS 

See table 5-3 and figure 5-3 for the rPlPvant data on he permea= 

bility of urea with the sequential run procedu re . Eac run is 

re presented by two points. The first point is the mean pen11ea= 

bility over the first four hours of each run and the second point 

is the mean permeability over the last four hours of each run . 

5.4.4 DISCUSSION AND CONCLUSIONS 

Although urea was not continuously in contact with the skin during 

the sequential run proc:edure, the same pattern of increasing 

permeability as with the continuous experiments was found (see 

figure 5-1). As with the previous experiment the re sults show 

that it is not the prolonged contnct of urea with the skin that 

alters the permeabi 1 ity of the barrier, but some other ccmnon 

factor present in both the continuous and sequential r un proce= 

dures. A nonnal saline solution was continuous ly in c~ntact wi th 

the skin in both procedures . This sugge~ts tha t hydra ti on may be 
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Tr1hle 5-3 fhe penneability coefficients of a 0,01 Mure~ 
solution when the sequential run procedure was 

fol lowed over a period of 128 hours 

Time Perme3bility coefficient Standard 

(hours) x 1 o3 cm/hr deviation 

2 0,08 0,02 (4) 
6 0,2 U ,1 (4) 

22 1 .o 0, 1 (c1) 
26 2,6 2,7 (4) 

32 3,7 2,7 (4) 
35 7,7 6 ,7 (4) 

50 11 ,5 2,3 (4) 
54 19, 1 7,8 (4) 

70 48,6 28,6 (4) 
74 54,9 28,0 (4) 

96 95,0 52,2 (4) 
100 90,0 34,0 (4) 

123 98,0 43,0 (4) 
128 94,0 26,0 (4) 

1 Number of determinations in brackets. 
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the cause of the increasing permeability. 

Other workers (BP.hl et al., 1980:350) did not observe such a 

dramatic effect: of hydration with the penneation of a !;eries of 

alkanols over a penneation period of 31) hour,;. That might be 

an indication that the hydration factor particularly affects the 

barrie1 for ureu permeation but not that of semi-polar alkanols, 

or that the effect of hydration was not so acutely visible over 

a time span of 30 hours. 

11. might also be that urea has a measurable effect on its own 

µermeatio11 in which case one would exµP.ct that effect l:o increase 

with an increase in the concentration of urea in contact with the 

skin. 

5.5 IJIFFERENT CONCENTRATIONS OF UREA 

5.5 . I INTRODUCTION 

The objective of this study was to assess the effect of concentra= 

tion and hypertonicity on the percutaneous absorption of urea 

through full thickness hairless mouse skin. 

The concentration of urea that is most often used in applications 

to the skin is 101 w/v. In vivo penneation studies have also 

been done with different fonnulat ions containing 101 w/v of urea 

(Wohlrab and Hassler, 1981:277). 
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For in v itro penneation studies usually very l ow concentrations of 

label led comrounds are used for various re;isons, e.g. very low 

concentra tions can be monitored in in vitro systems: with very 

low concentrations lhe ac tivity coefficient of the diffusing sub= 

stance is substantially 1 inear to the concentrdt ion. and with the 

high cost of la belled compounds, it is economically convenient 

to use low concentrations. The lowes t concentration of urea u~ed 

in this study was 0 ,01 M. 

A 101 w/v solution of urea is equ iva len t to a 1 ,67 M sol ution . 

Consequently it was dee ided to utilise the 0 . 01 M ilnrl 1.67 M solu= 

tions as the minimum and maximum concentrations repeclively. As 

a third concentration a 0,27 M solution, whi ch is the rna imum con= 

centration of urea that is still isotonic, was chosen. 

With 2 logarithmic orders of magnitude difference between the 

minimum and maximum concentrations , a difference in the permeation 

pattern of urea was expected if any concentration dependency 

exists. 

Since the 1,67 M solution of urea is also very hypertonic ( 167 0 

millimoles per l itre in steacl of 270 millimoles per 1 itre which i~ 

isotonic}, effects of hypcrtonicity on the pe11ne;il ion pa Lte rn of 

urea migh t also be evi dent. 

5.5.2 EXPERIMENTAL 

5.5. 2.1 MATERIALS 

The three different concentrations were marle up of lilbelled and 
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unlabelled urea. Each contained the same amount of labelled urea 
(3,7 x l0-5M) with unlabelled urea added to oblain the desired 

concentration in the donor cell. The receiver cel l contained a 

0,01 M solution of unlabelled urea. 

5,5.2.2 PROCEDURE 

The same general procedure as described under 4.3.2.3 and 5.2.2.2 

was fol lowed. 

5.5.3 RESULTS 

See table 5-4 and figure 5-4 for the relevant data on the pennea= 

bility of different concentrations of urea . 

5.5.4 DISCUSSlON AND CONCLUSIONS 

When the experimental variation is taken into account the same 

quantitative and qualitative penneation pattern is seen with all 
three concentrations of urea al though the highest concentration 

differed from the lm-1est concentration by 2 logaritlaic orders 

of magnitude . The increasing penneability pattern definitelydoes 

not depend upon the concentration of the penneating urea in the 

concentration range of 0,01 M to 1,67 M. 
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Table 5-4 The penneabi l ity coefficients of d i fferent concen-

trations of urea through full thickness h;lirless 

mouse skin over a period of 100 hours 

Time Permeability coefficient x 1 o3 cm-/11~-7 - -

(hours) 0,01 M 0 ,27 ►1 1,b7 M 
-----

2 0,07 (0,03) 
7 0,6 ( 0, 1 ) 
9 1 ,5 ( 1 ,8) 

11 0,3 (0,2) 
21 1,4 ( 1 , 4) 
25 7 ( 5) 4 ( 1 ) 2, I (0,4) 
30 2,8 (2 ,7) 
43 24 ( 10) 20 ( 12) 
48 21 (4) 
51 87 (42) 
55 98 (12) 
60 47 (16) 
74 116 (61) 
78 90 (55) 54 ( 15) 
96 200 ( 91) 

101 96 (54) 96 ( 10) 

1 Standard deviation in brackets. Four detenni nations were 
made in each case. 
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The 011ly other coopound exLept w3ter that might influence the 

permeability barrier is the sodium chloride used to render tht! 

bathing medium isotonic. Comparing the effect of di ffe,·ent iso : 

tonic bathing media on the penneation of urea through full thick= 

ness hairless mouse skin should give an indication or the effect 

of sodium chloride on the permeabi 1 ity barrier. 

5.6 PERMEATIOtl OF UR[A IN TIIE PRESENCE or llJrFERENr ISOTONIC 

MEDIA 

5.6.l INTRODUCTI ON 

The objective wa s to assess the effect of different isotonic bath= 

ing media on the penneation of urea through full thickness hair= 

les s mouse skin. 3-(tl-Morpholino) propanesulphonic acid (MOPS) 8 

and Tris (hydroxyme) ;minonethane (TRisj 9 which are both ~,ell­

known biological buffers, were chosen to compare to the normal 

saline as a bathing medi1J11. 

B BOH Chemicals Ltd., Distributed by Hickman,. Kleber (Pty) Ltd. 
Johannesburg . 

9 Merck Chemicals ( Pty ) Ltd . , Johannesburg. 
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5.6.2 EXPERIMENTAL 

5.6 .2.1 MATERIALS 

MOPS and TRIS were used in a concentration of 0,05 M. The pH of 

the solutions was adjusted to 5,5 ! 0.2 by the addition of 1 M 
NaOH and 1 M HCl respectively. Urea was used in a concentration 

of 0,27 M. 

5.6 .2.2 PROCEDURE 

The procedure was exactly the same as that used with the sodium 
chloride solution as described under 4.3.2.3 and 5.2.2.2. 

5.6 .3 RESULTS 

Please see table 5-5 and figure 5-5 for the relevant data on the 
permeation of urea in the presence of different isotonic media. 

5.6.4 DISCUSSION AND CONCLUSIONS 

When the experimental variation is taken into account the pennea= 

tion of urea in the presence of MOPS and TRIS buffers follows the 

same pattern of increasing permeation as in the presence of nonnal 
saline. 
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Table 5-5 The penneabi 1 i ty coefficients of a 0,01 H sol ution 

of urea in the presence of three diffe rent isotonic 

media (pH s,s!0,2) over a period of 96 hours 

Time Penneability coefficient x 103 cm/hr 

(hours) Nonnal saline 1 MOPS(0,05 M) ~ TRIS(0 ,05 M) 2 

4 0,6 
11 0,3 (0,2) 
20 1 ,4 ( 1 ,4) 0,8 7 
25 7 (5) 
28 1,2 4 
44 24 ( 10) 10 
51 87 ( 42) 
57 16 39 
70 49 69 
74 116 ( 61) 
92 67 34 
96 200 l 91 ) 

Standard deviation in brackets . Four detenninati o11s were made 
in each case. 

2 The mean of two detenninations. 
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The permeability coefficient at 70-78 hours dif fered quantitatively 

for the three isotonic medi~ and although the limited data prohibit 

a definite conc lusion it seems as if the penneation of urea in the 

presence of MOPS and TRIS is a I ittle s l011er in the st.eady state 

phase than is the case in the presence of norma l saline . This 

smal 1 variation may also be ascribed to mouse-lo-mouse variation. 

5. 7 lHE SI MULTANEOUS PERMEATION or 14c-llREfl AND 
3

H-WflTER 

5. 7. 1 JNTRODUCT ION 

The permeabi lity pattern of urea as found in this study differs 

very much from that of the reported pattern of othe r hydrophilic 

compounds like wa ter, methanol and ethanol. In the s t udies with 

water, methanol and ethanol the increase in penneability as a 

funct ion of time over such a prolonged period was not observed 

and t he steady state phase was attained within one hour. If 

these differences are assosiated in some way with the heteroye~ 

neous nature of the stra tum corneum, one would expect that in a 

dual-label e)(periment where 14c-urea and 3H-water are permeated 

simultaneously that urea will show the increa sing permeability 

pattern while the permeability of water will not change as a 

function of time. In the following study this hypothesis was 

tested . 
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5.7.2 EXPERIMENTAL 

5.7.2.1 MATE~IALS 

-5 The donor cell contained 0,01 M unlabelled urea, 3,5 x 10 M 
14c-urea and 5,6 x 10-S M 

31~-water. The receiver cell contained 

0,01 M unlabelled urea . Both solutions were made isotonic with 

nonna l saline. 

5.7.2.2 PROCEDURE 

The general procedure as described under 4.3.2.3 was followed. 
Samples wer':! taken every hour from the recP.iver cell for four 
hours and samples from the donor cell were taken before and after 

each four-hour run. These four-hour runs were repeated at 24, 28, 

72, 96 and 144 hours. 

5.7.3 RESULTS 

Table 5-6 and figure 5-6 display the relevant data on the simul= 

taneous permeation of 14c-urea and 3H-water. 

5.7.4 OlSCUSSlON ANO CONCLUSIONS 

The water and the urea exhibit the same pattern of rapid increase 
in perm~ability over 150 hours. This observation leads to the 
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Table 5-6 The penneabil ity coefficients for the s i ultaneous 

permeation of 14c-urea and 3H-wate r throu9h full 

thickness hairless mouse skin over a per iod of 145 

hours 

Time Penneability coefficient x 10 
:---,-

cm/ hr 

(hours) 14c-urea 3~1-wa ter 

2 ( 1 ) (4) 2 ( I ) ( 4) 

6 4 (2) (4) 6 (2) (4 ) 
26 11 ( 7) (4) 20 ( 11 ) (4) 

50 25 (24) (4) 41 (28) (4) 

73 43 ( 26) (4) 67 (24) (4) 
104 75 (28) (4) 106 (57) (4 ) 

145 153 ( 91 ) (4) 252( 157) ( 4) 

Standard deviation in the first brackets and the numbe?r of 
detenninations in the second brackets. 
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conclusion that there is no siynificant difference b<>tween the 

effect of the barriPrs to the permeation of these compound~. In 

fact it seems to be the same barrier operatin9 for bnlh compound!'-. 

5.8 Tiff SIMULTANEOUS PERME/\TI ON or 
14

c-METIIANOL /\Nll ~\1-W/\TER 

5. 8. l I NTROOUCTI ON 

According to Behl et al. (1980:346 ) the penneabilities of the 

hydroph i 1 i c solutes. water, methanol and ethanol were not changed 

by hydration when using hairless mouse skin (SKH-hr -l strain). 

In contrast to the hairles s mouse skin results, Behl et al. found 

that hydration studies with the Sw iss mouse revealed hydration 

effects on the permeability of water, methanol and ethanol. The 

permeability of water increased up to 30 hours of hyrlration and 

showed signs of levelling off between 30 and 43 hour s . The hydra= 

tion profile differences between the Swiss mouse and the hairless 

mouse were apparently due to the abundant follicular presencP. in 

the Swiss species (Behl et al. 1980:346). 

Qualitatively the same permeation profile was found for urea with 

the SKH-hr-l hairless mouse skin and the South African counterpart 

(nude mutant gene from genetic background BALB/c x 11/\/lcr) - see 

table 5-7 and figure 5-7. Although the latter also has an abun= 

dance of follicles, with both species an increase in permeation 

as a functi on of time was (lbserved. From this observation it 

can be concluded that the hair follicle s are not the major deter= 

mi nat of the accele r ated permeation. 
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Table 5-7 The permeability coefficients of a 0,01 M solution 

of urea for different species of mi~e through full 

thickness skin over a period of 50 hours 

Time Penneabil ity coefficiP.nt x 103 cm/hr 

(hours) SKH-hr - BALB/c x HA/lcr 

0,2 (0,2) (4) 
2 0, 1 (0,2) (2) 

4 0,5 (0,6) (1) 
8 0,5 (0,8) (2) 

9 1 ,2 ( 1 ,4) (4) 

12 1,8 (2,8) (2) 

22 11,8 (11) (2) 

25 6,9 (5, 1) (4) 

48 23,6 (0,3) (4) 

Standard deviation i n the first brackets and the number of 
detenninations in the ser:ond brackets. 
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Since the stratum corneum is generally accepted as the major bar= 
rier to the permeation of hydrophilic compounds (Treherne , 1956: 
Scheupl ein & Blank. 1971 :704; Wohlrab and Hassler, 1981:277), 

the increase in permeation must be a function of changes in the 

stratum corneum . The question is if these changes have the same 
effect on the permeation of all hydrophilic compounds. From the 

results found when water and urea were permeated simultaneously it 

seemed as if the changes in the stratum corneum affected the per= 
meation of water and urea in the same way. 

This study was conducted to test the hypothesis that the mechani sm 
3 of permeation of urea and methanol differs. Unfortunately H-

methanol was not available at the time of the study, but on ly 
14c-methanol. Therefore a simultaneous run of 14c-methano1 and 
3H-water was to be compared to the simultaneous run of 14c-urea 
and 3H-water. 

5.8 .2 EXPERIMENTAL 

5.8.2.1 HATERIALS 

The donor cel l contained 7,5 x 10-4 M 14c-methanol and 5,6 x 10-5M 
3H-water in a normal saline solution. The receiver cell contained 
only normal saline solution. 
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5.8.2.2 PROCEDURE 

Exa ctly the same procedure as desi:ribed under 5.8.2.2 was followed. 

5.8.3 RESULTS 

Table 5-8 and figure 5-8 display the relevant data on the simul= 

taneous penneat ion of 
14

c-methanol and 
3
11-water. 

5.8 .4 DISCUSSION ANO CONCLUSIONS 

The simultaneous permeation of methanol and water also exhibits 

a pattern of increasing penneation, which correlates very well 

with the trend observed when urea and water permeated simul ta= 

neously . 

The results obtained when urea and water penneated simultaneously 

exh ibit a slight quantitative difference from those obtained with 

methanol and water. But whe n experimental variation is taken in= 

to account. the difference cannot be ascribed to mechanistic dif= 

feren ces . 

When the permeation patterns over the first six hours of thesP 

experiments are compared. it is clear that urea. methanol and 

water exhibit the same increasing permeation pattern (see 

figures 5-9 and 5-10). 

Concequently it can be concluded that no significant difference 
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Table 5-8 The penneabil i ty coefficients for the s imul taneo11s 
penneation of 14c-methanol and 3H-water through 

full thickness hairless 110use skin over a period 

of 127 hours 

Time Penneability coefficient x 103 cm/hr 

(hours) l ~C-methano l H-water 

2 2 ( 1) (4) 4 ( 1 ) (4) 

5 8 (3) (4) 16 (4) (4) 

25 17 (5) (4) 28 (8) (4) 

50 102 (36) (4) 

73 91 (24) (4) 190 (52) (4) 

96 79 ( 32) (4) 173 (56) (4) 
127 105 (65) ( 4) 168 (47) (4) 

Standard deviation in the first brackets and number of 
detenninations in the second brackets. 
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in the nif?chanism of and the barrier to the penneation of urea. 

methanol and water could be found. 

5.9 Tl!£ PERMEATION OF UREA THROUGH STRI PPED SKIN 

5.9.1 INTRODUCTION 

Although the stratum corneum is generally accepted as the main 

barrier to the permeation of substanr.es through skin, it is also 

well known that hydration of the strat1.111 corneum leads to an in= 
crease in permeability. When the stratum corneum becomes so much 

hydrated that if offers no significant barrier to the permeation 
of very hydro phi 1 ic compounds. the r a inder of the epidenni s 

might becon~ the major barrier to the permeation of hydrophilic 
compounds through excessively hydrated skin. 

By stripping full thickness skin to different degrees and conduc= 

ting exactly the same experiment on the different pieces of strip= 
ped skin, a qualitative estimation of the relative contributions 

of other cell layers to the barrier properti es should Le possible. 

5.9.2 EXPERIMENTAL 

5.9.2.1 MATERIALS 

The hairless mouse skin was stripped by means of Scotch Magic Tape 
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(lR No 810, 3M South ~frica (Pty) Ltd. Tel. 011-36 3211). The 
donor cell contained 0,01 M unlabelled urea and 3,7 x 10-S M 

14c­
urea and the receiver cell contained 0,01 M unlabellPd urea. Both 

solu tions were made isotonic with normal saline. 

5.9.2 .2 PROCEDURE 

Stripping was perfonned by applying succesive pieces of tape to 

the abdominal region of a freshly killed mouse, making sure that 
the areas to be expos ed for diffusion were covered. 

The procedures during the permeation study were the ~ame as de= 
scribed under 4.3 .2.3 

5.9.2 RESULTS 

Table 5-9 and figure 5-11 display the relevant data on the perinea= 
14 tion of C-urea through stripped skin. 

5 . 9 . 4 0 I SClJSS I ON ANO CON CL US IONS 

Beyond 20 hours the full thickness; hairless mouse skin showed the 

lowest permeability, followed by the 10 times stripped and 20 

times stripped skin respectively {figure 5-11). Thi ~ phPn~nenon 
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Tabl~ 5-9 The per111eabillty coi!fficient for 0,01 Ii urea p,m11eatlng full 

thicknes~ and ~tripped hairless mouse skin over a perioi:t nf 

124 hn•Jrs 
. ·---·· ---- -

Pr.nne~bility coeff ir iimt x 103 cm/hr I 

- - ·- - ------- ---- - · 
Ti.e Full thickness 2 Strlrped 

(hnu,·s) (Mouse A) (l'lou;e O) 10x (House C) 20x (Hou•e Dl 
---- - - - --------

I 0,2 (0,2) (4) 2,6 (3,3) (3) 
3 0,6 (0,5) (4) 
4 0,5 (0,6) (4) 6,0 (7,6) (3) 

II 0,3 (0 ,2 ) (4) 
19 11 (6,0) (3) 
;,1 1,4 ( 1 , 3) { 4) 
2l I ,I (0,8) (4) 39 (27) ( 3) 
25 ·1,5 (0,1) ( 4) 6,9 (5.2) (4) 
2R 2,8 (0,9) (4) 4,4 (2, 1) (4) 
4J 24 ( 10) (4) 
46 24 (0,3) (4) 51 (29) (J) 
51 87 (42) ( 4) 
53 103 ( 10) (4) 19 (0,5) (4) 
71 90 ( 42) (J) 
71 116 (61) (4) 
75 10~ (2~~ (4) 25 (21) (4) 
91 225 ( 13 (4) 200 (91) (4) 47 (36) (4~ 

124 198 (46) (4) 108 (94) (4 

Sta rd deviat ion in the first brackets and the number of deteminations 
in second hrackets. 

2 Two se s of expP.riJIIE!nls on different mi ce are presented to illustrate the 
di fferences in average values for full thickness skin of ,tlfferent mice. 
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is expected when the stratum corneum forms the main barrier to 
l)f'nneation. The high~r permeability which is observed initially 
with the 10 times stripped skin could he ascribed to the decrease 

in the thickness of the horny layer. 

Stripping is incomplete but removes the most heavily bacteria con= 

taminated layers. Therefore micro-organisms might be more abun= 

dantly present on the full thickness skin than on the stripped 
skin. The outer loose, more "hydrophilic" cells of the full 

thickness stratum corneum might form a better growth medium for 
micro-organisms tha n the 1 ipophil ic surface of th!? stripped ski n 

during extensive hydration as found during the experiments in this 

study. 

Unexpected and very interesting is that the permeation through 

full thickness skin seems to increase much faster than permeation 

through the 10 times stripped skin, so much so that after about 
40 hours the permeability coefficient~ of urea permeating full 

thickness skin are significantly higher than those of urea per: 

meating lhe 10 times stripped skin. 

5. 10 PERMEATION OF UREA IN THE PRESENCE OF t -LEUCINE 

5. 10 . 1 HITROOUCT ION 

If the perfflf'?ability barrier depends upon the maintenance of nonnal 

cell funct ion , the reduced uptake of an essential amino acid like 

t-leucine should be an indication of the deterioration of the 

permeability barrier. 
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Or if the deterioration of the pr.n11e11bi1 ity b3rrier is counter= 

acted by the addition of a substance that wi ll aid the cells in 

aiaintaining their function for a longer per iod , the permeation of 

u1·ea should reflect that influence . 

The objective was to detennine if there is a difference in the 

penneation pattern of urea when an essential amino ac id 1 ike t­

leuc ine is added as a co-pen11eant. 

5.10 .2 EXPERIMENTAL 

5.10.2.1 MATERIALS 

14 -5 3 
( C)-Urea (3,7 x 10 M), unlabelled urea (0,01 M} and t -(4,5- H)-

leucinPtO (1 x 1 □- 10M} were used with sodium chloride added to 

render all solutions isotonic . 

5.10.2.2 PROCEDURE 

The general procedure as described under 4.3 .2.3 and 5.7.2.2 was 

followed. 

For the permeation of f-leucine alone, the f-leucine was mixed 

with nonnal saline in the donor cell. The i-eceiver cell con­

tained only nonnal saline. 

lO Amersham International Ltd . • Amershilm UK . Ba tch 89 . 
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- -·-" v, urea and •.-leucine could be.followed simul = 

taneously because they were labelled 14c and 
3
H respectively. 

-5 
The donor cell contained labelled urea (3,7 x 10 M), unlaGelled 

-10 
urea (0,01 M) and labelled t-leucine (1 x 10 M) . The receiver 
cell contained unlabelled urea (0,01 M) . All solutions were made 

isotonic by adding sodium chloride . 

5.10.3 RESULTS 

See table , 5-10 and figure 5-12 for the relevant data on the pennea= 
tion of t -leucine and the co-permeation of t -leucine and urea. 

5. 10.4 DISCUSSION ANO CONCLUSIONS 

The penneation of 1- le•Jcine alone shows an exponential increase up 
to approximately 54 hours after which a plateau is seen with a per= 

meability coefficient of approximately 0,009 cm/hr. 

When the penneation of 1-leucine in the presence of urea is mea = 
sured, the same general pattern is observed but the penneability 
coefficient is higher than without urea at the plateau phase. 
The permeability coefficient at the plateau phase is approximately 

0,015 cm/hr . This means that urea has an enhancing influence on 
the penneability of t -leucine, which might mean a reduced uptake 
of t-leucine by the cells in the presence of urea. 

The permeation of urea is significantly reduce<! in the presence of 

t-leuc.ine . The pP.nneability coefficients obtained at 100 hours 
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Table 5-10 The penneability coefficients or f-leuci11e for full . 

thickness hairless mouse skin with illld without simul­

taneous petweation of a 0,01 M solution of urea over 

a period of 100 hours 

Penneab ility coefficient x 1aT·cm/hr 

Time 

(hours) 

5 
11 
21 
23 
25 
30 
43 
51 
54 
74 
77 
96 

100 

t-leuc ine 
--,·---r-

alone with urea 

0,2 

1, 1 

2,5 

6,5 

9,2 

8,2 

0,2 

1,5 

3,6 

12 

26 

17 

The mean of two dete1111 inations. 

urea 

~ ,~;;z-w·i U1 r-1 eur.i ne 1 

0,3 (0,2) 
1 ,4 ( 1 , 4) 

6,9 (5,1) 

24 (10) 
87 ( 42) 

116 (60) 

200 (91) 

0,3 

1 8 

4,8 

17 

36 

25 

2 
Standard deviation in brackets. Four :leteminations we1·e ma de 
in each case . 
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when urea permeates alone and \lthen t-leucine is co-permeated are 

respective ly 0, 1 cm/hr and 0,03 cm/hr . 

The general cone l us ion is that 1 -1 euc i ne re tards lhe pe11nea t ion of 

urea and that urea enhances the permeation of •-leucine. lhe 

effect of t-leucine on urea is more pronounced lhiln Lhe effect of 

urea on the penneation of ,.-leucine. ,-Leuci nc thus plays an im "' 

portant role in retarding the deteriorating effect of urea or the 

hydration effect on the permeability barrier. 

Only viable cells will consume or utilise ,.-leucine. Since ,_ 

leucine has an affect on thP. permeation of urea, it is an indica :-: 

lion thilt the viable epidennis may play an important role as a 

permeability barrier to the permeation of urea and that the viahle 

cell barrier may progressively deteriorate during expc_,rimP.nts with 

a consequent gradual increase in permeahi l i ty . 
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5. 11 SUfof'1A~Y AND CONCLUS l ONS ON THE INC REAS I NG PERMEAB l LI TY 

PHEl◄OMEN0N 

The effect of scvera 1 variables on the penneation of urea through 

hairless rnouse sir.in has been studied in order to detennine the 

causes of the increasing penneability phenomenon found in the 

preliminary studies. 

It was found that the permeation of urea increased for a period 
of approximately 100 hours after which a steady-state permeation 
pattern was observed for approximately 25 ho1Jrs. A mass balance 

between the donor and receiver sides of the membrane was reached 

within a much shorter time - due to the very low penneabi 1 ity of 
urea in the first few hours of the experiment and the experimen= 
tal variation this period can only be estimated as between 1 and 
4 hours. Thus a very short "lag time" and mass balance even 
during the increasing penneability phase is seen. 

Hydration was thought to be one of the possible causes of the in= 
creasing permeability phenomenon. In two experiments, one where 
the sir.in was hydrated for different time intervals before starting 
a J)f!rmeation experiment and the other where a sequential run pro= 

cedure was utilised, it was found that hydration or the effect of 

the bathing merlium on the skin was the major cause for the in= 
creasing pe1111eation. Urea was found not to affect its own per= 
meation in a concentration of 0,01 H. 

The question arose whether urea would effect its own permeation 
in higher concentrations than 0,01 H. After permeation studies 

with 0,27 Mand 1,67 M it could be concluded that there was no 

significant difference between the permeation of 1Jrea in these 
concentrations that differed by two logarith1i1ic orders. This 
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result confirmed that the pe _ ling urea was not the cause of 

the increasing permeabil ity . 

It seemed as if the onl y alte rna tive cause for the increasing 

pP.nnPability would be fOtln.-1 i n the isotonic bathin9 111edia. lwo 

other isotonic media, MOPS and TRIS wPre uspd with a 0 .2 7 M solu= 

tion of urea and the results re compared to that ohtained with 

the normal saline bat.hinq med ia . When the experiment.al variation 

was taken into account, the penneation of urea in the presence 

of the MOPS and TRIS buffers foll owed the same patter n of increa= 

sing penneation as in the presence of normal sa 1 ine. 

Although it was found that contact with the isotonic bathing 

media was the primary cause of the increasing permC?ation, none 

of lhe above mentioned studies indicated explicitely a hydration 

or other mechanistic effect. It was therefore decided to compare 
the permeation of urea with that of other hydrophili c compounds 

for which a increasinq permeabil ity was not observed previously. 

In studies with water, 111ethanol and eth;rnol (Trehern e , 1956: 171: 

OUrrheim et al., 1980 :781) t he increase ill permeability as a func= 

tion of time over such a prolonged period wa s not ob ~erved and 

the steady state phase was attained within one hour . If the 

difference between these compounds and urea are assosiated in 

some way with the heterogenous nature of the stratum corneum 

implying different permeation mechanisms for example for urea and 

water, one would expect that in a dual label experiment where 
14 3 

C-urea and H-water are permeated simultaneously that urea will 

show the increasing permeability pattern while the permeabi l ity 

of water will not change as a function of time. Thi s hy pothes is 
JI) 3 

was tested by conducting si ltaneous runs of C-urea. H-w;iter 

and 
14

c-methanol. When the permeation patterns over the first 

six hours of these experiments -.-ere compared. it was c 1 ear tha L 
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urea, methanol and ~,ater exhibit the same increasing permeability 
pattern. rh~refore il was concluded that no significant diffe= 

rence in the mechanism of and the barrier to the permeation of 
urea, mP.thanol and water exi!;ted. 

Although the s ratum corneum is generally acceptP.d as the main 

barrier to the penetration of substances through skin, it is also 
well known tha hydration of the stratum corneum leads to an in= 

crease in penweability - although not to the extent seen in this 
study. When e stratum corneum becomes so much hydrated that it 

offers no sign i ficant barrier to the permeation of very hydro= 
philic compounds, the remainder of the epidermis might become the 

major barrier o the permeation of these compounds . From the 
results when urea permeated stripped skin it was unexpectedly 
found th11t the permeation through full thickness skin increased 
much faster tt-.an permeation through 10 times stripped skin. rhe 

only conr.lus iC1fl that seemed viable was that although stripping 
is incomplP.te it may remove the most heavily bacteria contamina= 
ted laye1·s wh ich reduced microbial attack on the penneation bar= 
rier and thus slowed down any detriorating effect the micro­

organisms mi ght have had on the permeation barrier. 

The remainder of the epidermis contains viable cells and if the 
permeability barrier depends upon the maintenance of normal cell 

function, the reduced uptake of an essential amino acid like 
1-lP.ucine should be an indication of the change or deterioration 
of the penneability barrier during prolonged contact with the 
bathing medii.a. 3H-l-Leucine and 14c-urea were permeated 

simultanpnusly and it was found that the permeation of urea 
11ms significantly reduced in the presence of t-leucine. This may 

be nn indication that the viable epidermis play an important role 
as a permeability barrier to the permeation of urea. 

138 



Although the cause Qf the increasing penne11li o11 of urea could 

not be ex plicitl y identified, a ba se for the snlvinq of thic; 

problem ha s been developed and severa 1 important obs rrva ion; 

on the penneation of urea and the behaviour of hairlec;s use 

skin in an in vitro diffusion system have been 111r1de of which the 

following should be mentioned : 

- urea d id not affect its own penneability or tha t of waler. 

The increasing permeability could therefore not be i\<;Cribed to 

the pen11ea ting urea; 

~ urea, methanol and waler exhibited the same p~ttern of 

increasing permeability contrary to what had been expected from 

other studies with methanol and water . The mechanism of pcrn~a = 

tion seemed lo be the same for these compounds and it seemed as 

if it was not the permeatiny substance that was res pnnsible fur 

the increasing permeability but another far.tor, corr1nrm to all the 

experiments; 

- it seems therefo1·e to be safe to conclude lh~t the inr.reJ " 

sing penneability phenomenon was caused by the effect of thr. 

bathing medium on the skin. This effect may howC?ve1· include 

various factors such as hydration, physi cal deteriorati on ,ind 

provision of a growth medilffll for microbial proliferi\lion -

factors that should be studied more intensively in future studies. 
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CHAPTER 6 SUMMARY AND FINAL CONCLUSIONS 

The following contributions towards the systematic characteriza= 

t ion of the percutaneous absorption of drugs through the skin have 

been made in this study: 

An ex isting data base on the relationship of ether-water partition 

coeff ic ients and penneability coefficients was lacking data on 

the perClltaneous absorption of hydrophilic compounds through hair= 

less mouse skin in vitro. The penneability coefficients obtained 

in th is study and their correlation with ether-water partition 

coefficients showed some errors of interpretation and approach in 
prev i ous work on the percutaneous absorption of urea. thiourea, 

glycerol and glucose. 

The data obta ined in this study could be integrated with already 

ex i sting data whi r.h conf inned the incompatibility of the hypo= 

thesis of a simple lipid membrane mechanism with the behaviour of 

skin. For solutes with a span in ether-water partition coeffi= 

cients of approximately ten logaritmiic orders, only four orders 

of magnitude chan<Je in penneability coefficients were noted. 

The general significance of this result is that mathematical 

models of the skin barrier must allow for complex, concurrent 
channelling of penneant through lipid and hydrated phases, which 
means that the arrangement of phases must be such that the rate 

control can switch from lipid to aqueous pathways at several 

places on the polarity .scale. 

Since larqe molecules such as steroids appear to have a different 
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polarity dependency than snlilll ,aolecular weight pen11P,1nls, it 

confirms the idea thcJt access to microscopic phJses with in the 

slralu111 conieu111 nmy be controlled by size. 

The systematic investigation of the irtcreasing permeahil ity of 

urea through full thickness ha irless mouse skin in vitro led to 
----

the following conclusions: 

- a steady stale was reached after apµroximalely 100 hours 

of i ncrea s i 119 permeation; 

- urea did not affec t its own penneat ion between cnricew­

trations tJf 0,01 Mand 1,b7 M and it d id not affect I.he per=­

meation of waler . Tlie i11cret1sing permeation cou ld therefore 

not be ascribed to the pe11neating urPa; 

- the effect of the bathing medium on the skin ~,us respon "' 

slLle for the increasing permeabi lity phenomenon. Th is effect 

did however not depend on the specific substance that was usPd 

to render the solution isotoni c , since no signi fi cant differrnr.e 

between the penneation of urea in the presence o f m11111al sal inr , 

MOPS or TRIS \·1as found. This effect of the bathin9 mPdium ma; 

include several factors such as hydr;ition, physical alt.e n1tion 

of the skin and provision of a arowth med i um for micrn-orgil ni s1,1s . 

From the results of this study no specific me cha nism for the 

increasing penneability could be indicated; 

- the barrier of len times stri pperl skin was Jpsc; c;uscep~ 

tible to deterioration after 40 hours or being in lh!'! diffusion 

medium than full thidness hairless mouse sk i r,, prol>,,l>ly because 

the stripp i ng removed th'! must heav ily l>act.eria conldinin;ited 

layers of the skin and pre:venll?d part of the pos ); il>le prnl i fer;i~ 

tion of mi cro-organisms in the rliffusic11 medium ; 
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- the co-permeation of urea and f -leucine seemed to suggest 

that the viable epidennis may be a more significant barriet· to 

the permeation of hydrophilir. compounds Lhan was initially been 

anticipated. 

It is tempting to ascribe the increa~in~ permeation of urea and 

the other hydrophi 1 ic cc,mpounds to the extensive hydration of the 

skin in the specific in vitro system used. One should. however. 

be careful not to qeneralize the tenn "hydration" so far that it 

becomes a synonym for the possible combination of factors 
responsible for the dete rioration of the permeation bilrrier. 

The increasing permeation phenomenon may possibly be ascribed in 

part to the binding and penetration of water within thP. stratum 

corneum ultrastructure, which may lead to the formation of larger 

hydrophilic diffusion channels which may promote the permeation of 

hydropii i 1 ic subs ldnces a:: a func t fon of time. 

But there may be a myriad of other factors which may also play a 

ro I e in chan<J i ng lite barrier - factors which cannot be di s1·egarded 

in favour of hydrat ion just because they have not yet been studied. 

Factors that should be studied in the continuation of this syste= 

matic search for the cause of the increasing permeability phenome= 

non should be the physical deterioration of the barrier in the 

skin as a result of: 

1112 

- the extensive contact with the diffusion medium. Components 

of the barrier phase may be dissolved or altered by the 

contact with the stirred menitn on both sides of the skin~ or 



microhial attack of the skin structure, which may most 

likely occur under such hydrated conditions where sterile 

procedures are not followed . The microbial barrier of the 

skin is based on the dry, lipophilic and slightly acidic 

surface of the stratum corneum in vivo , factors which are 

all nullified in an in vitro system where the skin is moun= 

ted between aqueous solutions of the penneat ing substance. 

The significance of this study may thus be summarized as: 

1. it showed errors of interpretation in previous work on the 

percutaneous absorption of hydrophilic compounds; 

2. it confinned the incompatability of a simple lipid membrane 

mechanism with the behaviour of skin; 

3. it formed a basis for the systematic solution of the mechac: 

nism of increasing penneabil ily as a function of time pheno ,. 

menon encountered with the studied hydrophilic compounds. 
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ABSTRACT 

I ITROOUCT I ()fl 

The objective of this study was initially to 

- contribute to a current data base in order to obtain a 
set of data on the ether-water partition coefficients and 

permea~ility coefficients of a variety of c~npounds ranging 
from very hydrophobic to very hyd;·ophilic in order to assess 

- the relationship between hydrophobicity and percutaneous 
absorption; and 

the validity of the view that the skin can be diffu­

sionally cha racterized as a simple lipoidal barrier. 

Data on the ether-water partition cceffici ents and the percuta­

neous absorption of a series of alkanols (OUrrheim, 1980:781) and 

hydrorortisone and its 21-n-alkyl esters (Smith, 1982:100) deri­
ve<! from in vitro work on hairless mouse skin already existed. 
These two series of compounds display relative little hydrophili ­
city. Therefore data on the percutaneous absorption of more 
hydrophi I ic compounds would have complemented the e.xisting data 
very well. 

The work of Treherne (1956:171) on the relationship between the 

ether-water partition coefficient and percutaneous absorption of 
a few polar nonelectrolytes has been much cited in the literature 

and was taken as a point of departure for this study. Since Tre­

herne (1956:171) used other techniques, diffusion cells and rabbit 

skin, his data did not fit into the existing data base, which was 
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oht,1ined using rnoderri tcr.hniqur.s, olhP.r cells ilnrl h«irless 

rouse s kin . Therefore percutaneous absorpt ion studii>s of the 

selected hydrophilic comµounds thrnugh hairles s mo11sP s k in had to 

be done in order to attain the goal of the study . 

In the course of the permeabil ity studies, a very sl ow but gra= 

dually accelerating penneation of the hydrophylic compounds was 

noted, a phenomenon that became very noticeable when the permea= 

t ion profile was observed over longer periods e.g. 100 hours 

instead of the conventional 6-12 hours . The initial objective 
had to be expanded to search fo r the cause of the in creasing 

penneability of these compounds. With urea reproducP.able results 

were obtained in the preliminary study and therefore urea WilS 

chosen for this study . 

MEHIODS 

The percutaneous absorp t ion studies of ur ea, thiourert, glycernl 

and glucose were executed by means of a previously dPscribecl ~ 

vitro method (DUrrheim et al., 1980 :781) . The me thod included 

the use of a diffusion cell system where the skin w115 clampr.d be= 

tween two diffusion cells. The donor ce ll contained a relatively 

high concentration of the penneant while the receiver cell con= 

tained a just measurable very low concentration of the penueant 

during the full time span of the experiment. A fairly constant 

concentration gradient could therefore be main tai ned over the 

m~nbrane and Fick's law cou ld be applied to result~ obtained in 



that manner. In the extensive study on the penneability beha= 

viour of urea und~.- different conditions, the same diffusion cell 
system was used. 

The ether-water part it ion coefficients of the hydrophyl ic com= 
pounds were determined by a simple radiotracer procedure. The 
radio -l abel led compound was equi 1 ibrated between the ether and 

water phases and the samples taken from the phases were analysed 
by means of scintillation counting. 

The ether-water partition coefficients of hydrocortisone and its 

21-n-alkyl esters were dete1111ined by means of a HPLC method as 

previously described by Smith (1982:100). These coefficients 
could not be determined with scintillation counting since all the 
compounds were not available in radio-labelled fonn. The HPLC 
method had the advantage that the stability of the compound could 

be ascertained simultaneously. 

RESULTS 

The permeability coefficients of the hydrophilic compounds (gluco­

se, urea, glycerol and thiourea) var ied only from 1 x 10-4 to 1,4 

x 10-4 cm/hr while their ether water partition coefficients varied 
frotn 9 x 10-6 to 7,2 x ,o-3• There is no correlation be= 
tween the partition coefficients and permeability coefficients 
for these compounds, which •ight indicate that permeation of 

hydrophylic compounds with ether-water partition coefficients 

not substantially higher than that of water does not depend on 

the hy!lrophob ic ity of the compound. The mechanism of pennea tion 
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of such hydrophilic c01nJ1011n-:l s throu')h hairless mouse skin might 

therefore be ma inly through the wati?r-f i 1 led inte1·cel lular chan=­

nels in the stratum cor neum. 

The systematic investigation of the increasing permeahil ily of 

urea through full thickness hair les s mouse skin in vitro led to 

the following results: 

A rapid increase in µenneation persisted until 

approximately 100 hour s, after which the ra te stayed constant for 

at least 24 hours ; 

the bathing mediun had a deteriorating effect on the 

permeation barrier; 

between concentrations of 0,01 M and 1,67 11 urea did 

not affect its own penneati on significantly; 

urea did not affect the permeation of wate1· or methanol ,~• 

significantly; ~ 

the barrier of ten times stripped skin isles suscep= 

tible to deterioration after 40 hours of being in the diffusion 

medium than full thic kness hairless mouse skin; and 

the co-permeation of urea and 1.-leucine seemed to sug= 

gest that the viable epide nnis may be a more significant barrier 

to the penneation of hydrophyl ic compounds than had illitial ly 

been anticipated. 
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CDrlCLUS I OH5 AMO RECOMMFflOATIONS 

It seems as if there is a lower limit to permeability coefficients 

for hairless mouse skin. This agrees with the suggestion made by 

Scheuplein ~nd Blank (1973:286) that there is a finite lower 
-6 

limit of approximately 10 cm/hr for human skin permeability 

clleffic ients. There seems to be an upper limit at approximately 

fJ. 5 cm/hr. which corresponds rough 1 y t o the penneab i1 ity coef= 

ficients found for different compounds throuqh the dennis only 

of hairless mouse skin (OUrrheim, 1977 :134; Smith, 1982:144). 

That means that different diffusional pathways exist for c~npounds 

of different polarities and that lipopliilicity is not the only 

detenninant of diffusivity and rate of permeation. Consequently 

it can b~ concluded that the skin does not act as a simple lipoi = 

dal barrier with regard to compounds ranging much in hydrophobi= 

city. 

It is temµtiny lo ascribe lhe increasing penneation of urea and 

the oth~r hydrophylic compounds to the extensive hydration of the 

skin in the specific in vitro system used . One should, however, 

be careful not to gen~ral ize the term "hydration" so far that 

it becomes a synonym for the possible c~nbination of factors 

responsible for the deterioration of the penneation barrier. 

The increasing permeation phenomenon may thus be ascribed to the 

bindin9 3nd penetration of water within the stratum corneum ultra= 

strur.ture , which may lead to the formation of larger hydrophilic 

diffusion channels and may promote the permeation of hydrophilic 

sub~tances as a function of time . 
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But there 111ay be a myriad of other factors which may also play a 

role in the deterioration of the barrier - factors whic h cannot 

be disregarded in favour of hydration just because they have not 
yet been studied . 

Factors that should be studied in the continuation of this syste= 

matic search for the cause of the increasing permeability pheno=­

menon should be the physical deterioration of the barrier in the 
skin as a result of: 

- the extensive contact with the diffusion medium . Components 

of the barrier phase may be dissolved or altered by the 

contact with the stirred medium on both sides of the skin; or 

- microbial attack of the skin structure, which may most 
likely occur under such hydrated conditions where sterile 

procedures are not followed. The microbial barrier of the 
skin is based on the dry. lipophili c and slightly acidic 

surface of the stratum corneum in vivo. factors which are 

all nullified in an in vitro system where the skin is 

mounted between aqueous solutions of the permea t ing sub= 

stance. 

The significance of this study may thus be summarized as : 

I . it showed errors of interpretation in previous wnrk on the 

percutaneous absorption of hydrophilic compounds; 

2. it confinned the incompatibility of a simple lipid membrane 

mechanism with the behaviour of skin; and 
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3. it fonned a basis for the system3tic solution of the 

mechanism Qf increasing penneabi l i ty as a function of time 
phenomenon. encountered with the studied hydroph i l i c com= 
pounds. 
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UITTREKSEL 

INLEIDING 

Die doelstelling van hierdie ondersoek was aanvankl ik om 

- 'n bydrae te maak tot 'n databank sodat 'n stel gegewens 
oor die eter-water verdel i ngskoeffisiente en penneahiliteits­
koeffisiente van 'n verskeidenheid verbindings, wat van baie 
hidrofoob tot baie hidrofiel varieer, verkry kon word om so­

doende 
- die verband tussen hidrofobisiteit en p~rkutaniese 

absorps ie en 

die geldigheid van die siening dat die vel vir 

doeleindes van diffusie-ondersoeke as 'n eenvoudige 
lipiede weerstand gesien behoort te word, te bepaal. 

Data oor die eter-water verdelingskoeffisiente en die pe,·kutanie­

se absorpsie van n reeks alkohole (Durrheim ~ -, 1980:781) en 
hidrokortisoon en hidrokortisoon-21-n-alkielesters (Smith, 1982 : 

100) soos verkry deur in vitro metodes en haarlose muisvel was 

reeds beskikbaar. Hierdie twee reekse verbinrlings vertoon rela­

tief min hidrofiliteit en die databank sou dus goerl aangevul kon 

word met data oor meer hidrofiele verbindings. 

Die bydrae van Treherne (1956:171) oor die verband tus!ien die 

eter-water verdelinyskoeffisiente en perkutaniese ahsorpsie van 
'n paar pol ere verbind ings is baie aangehaal in die 1 iteratuur en 

is as vertrekpunt vir hierdie ondersoek geneem. Treherne (1956 : 
171) het egter ander tipe diffusieselle, ander· tegnieke en konyn­

vel gebruik. Sy data sou dus nie in die beslaande dalabank inpa~ 
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nie omdat die data met behulp van moderne tegnieke, ander tipe 

diffus ieselle en haarlose muisvel verkry is. Perkutaniese ab­
sorpsies tudies van die gekose hidrofiele verbin<lings deur haai-­
lose muisvel moes dus gedoen word om die doel van die ondersoek 

te bereik. 

In die loop van die permeabiliteitsondersoek, is '11 stadlge maar 
geleidelik vers nellende oordrag van die hidrofiele verbindings 

opgemerk. '11 Verskynsel wat veral baie opvallend ~,as wanneer die 
oordragpatroon oor langer tye, byvoorbeeld 100 ure in plaas van 

die konvens ionele 6 tot 12 ure beskou is. Die aanvanklike doel­

s t elling moes toe uitgebrei word sodat die oorsake van die toe­
nemende OJrdragtempo van hierdie verbindings eers sistematies 
ondersoek kon word. Ureum het goeie herhaalbare resultate in 
die voorondersoek gelewer en is gekies om die ondersoek mee te 

doen. 

MHODES 

Di'? perku tan i ese absorps i es tudi es van ureum, ti ou reum, g 1 i sero l 
en glukose is met behulp van 'n in vitro metode soos voorheen be: 
skryf (UUrrheim et al., 1980:781), uitgevoer. Die metode het die 

gebruik van 'n diffusieselsisteem, waar die vel tussen twee dif= 

fusieselle vasgeklem word, ingesluit. Die skenkersel het 'n re= 

latief hoe konsentr;isie van die oordragstof bevat terwyl die ont= 

vangersel 'n net meetbare baie lae konsentrasie van die oordraq= 
stof gedurende die volle duur van die eksperimente bevat het. 'n 

Konstante lionsentrasiegradient oor die membraan kon dus gehandha;if 

word en Fick se wet kon op die resultate toegepas word. In die 
uitgebreide ondersoek oor die pen11eabil iteit van ureum onrler vcr= 

skillenrle toestande, is dieselfde diffusieselsisteem gebruik. 
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Die ete~-water verdel ingskoeffisienle van die hidrofiele verbin­

dings is met behulp van n eenvoudige radiospeurmetodP epaal. 

Die radio-aktief gemerkte verbindings is toeqelaat om l'I ewewig 

tussen die eler en wa ter fases te bereik vooi·dat monc;ters uit 

elke fase geneern is. Die monsters is met behulp van sintillasie­

telling geanaliseer. 

Die eter-wate r verdelingskoeffisiente van hidrokortisoon en die 

hidrokortisoon-21-n-alkielesters is met behulp van n hoedrukvloei­

stofchromatografiese metode, soos deur Smith (1982:100) beskryf, 

beµaal. Hierdie verdelingskoeffisiente kon nie met hehulp van 

sintillasietelling bepaal word nie omdat al die verb indings nie 

in TI radio-isotoopvonn beskikbaar was nie. Die hoedi~kvloeistof­

chromatografiese me tode het ook die voordeel dat die stabiliteit 

van die verbinding terselfdertyd bepaal word. 

RESULT ATE 

Die penneabiliteitskoeffisienle van die hidrofiele vP.rbindings 

(glukose, ureum, gliserol en tioureum) het van 1 x 111-4 tot 

1,4 x 10-4 cm/hr gewissel terwyl hul eter-water verdP. lingskoeffi ­

siente van 9 x 10-6 tot 7,2 x 10-3 gewissel het. Daar kon geen 

korrelasie tussen die verdelingskoeffisiente en die penneabili ­

teitskoeffisiente van hierdie verbindings gevind word nie. Dit 

mag TI aanduiding wees dat oordrag van hidrofiele verhindings , met 

eter-water verdelingskoeffisiente van veel laer as 1. nie van die 

hidrofiliteit van die verbinding afhanklik is nie. Die meganisme 

van oordrag van sulke hidrofiele verbindings deur haarlose muisvel 

geskied dus moontlik deur die watergevulde intersellulere ruimtes 
in die stratum corneum. 
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Die sistematiese ondersoek na die toenemende oordragtempo van 
ureum deur voile dikte haarlose muisvel in vitro het die volgende 

resultate opgelewer: 

- TI vinnige toename in oordrag hou vir ongeveer 100 ure aan, 

waarna die die tempo vir ten minste 24 uur konstant bly; 

- die diffusiemedium is vir die veranderinge in die oordrag-

eerstand verantwoordelik; 

- tussen konsentrasies van 0,01 Men 1 ,67 M het ureum nie TI 

noemenswaardige effek op sy eie oordrag nie; 

- ureum beinvloed nie die vordrag van water en metanol noe­

menswaa rdig nie; 

- die weerstand van tiermaal gestroc.pte vel is hoer na 40 
ure in die diffusiemedium as die van volle dikte haarlose 

muisvel; 

- die gelyktydige oordrag van ureum en l-leucine het die 

oordragtempo van ureum sodanig verlaag dat dit moontlik TI 
aanduiding kan wees dat die res van die epiden11is TI belang­
riker weerstand by die oordrag van hidroffele verbindings 
is as wat aanvanklik aangeneem is. 

GEVOLGTREKKIHGS EN AANBEVELINGS 

Oft lyk asof daar TI minimum penneabiliteitskoeffisient vir die 

oordrag deur haarlose muisvel is. Die mini1111A waarde stem oor­

een 111et die voorstel van Scheuplein en Blank (1973:286) dat n 

minillllJI waarde van 10-6 cm/hr ten opsigte van die penneabiliteits­

koeffisiente vir menslike vel bestaan. Dit lyk asof die maksimun 

waarde ongeveer 0,5 cm/hr is, wat min of meer ooreenstem met die 
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penneabiliteitskoeffisiente wal by die oordrag van verskillende 

verbindings deur die dennis van haarlose muisvel gevind is (DUrr­

heim, 1977:13'1; Smith, 1982:1'1'1). Oil dui daarop dal daar ver­
skillende diffusiewee vir verbindings van verskillende polariteite 

bestaan en dat lipofiliteit nie die enig~te bepalende faktor vlr 

diffusiwiteit en tempo van oordrag is nie. Die gevolgtrekking kan 

dus gemaak word dat die vel nie soos TI eenvoudige lipiede weer­
stand met betrekking tot verbindings oor TI bree vl~k van lipofili­

teit optree nie. 

Die versoeking is groot om die toenemende oordragtempo van ureum 

en die ander ~idrofiele verbindings aan die uitersle hidrasie wat 
die vel in die betrokke in vitro sisteem ondergaan, toe te skryf. 
TI Mens sal egter versigtig moet wees om nie die term "hidrasie" 
s6 te veralgemeen dat dit as sinoniem vi r die moon t like kombina­
sie van faktore, verantwoordelik vir die verandering in die oor­

dragweerstand, beskou word nie. 

Die verskynsel van toenemende oordragtempo mag moonllik aan die 

binding en binnedringing van water in die ultrastruktuur van die 

stratum corneum in, toegeskryf word. Dit mag lei tot die vorming 

van groter hidrofiele di ffusiewee wat die oordragtrn1po van hidro­

fiele verbindings kan bevorder. 

Da~r mag egter n magdom van ander faktore wees wat ook n rol in 

die verandering van die diffusieweerstand speel - faktore wat 
nie ter wille van hidrasie oor die hoof gesien mag word net omdat 

dit nog nie bestudeer is nie. 

Faktore wat in die voortsetting van hierdie sisten~tiese onder­

soek na die oorsaak van die verskynsel va n loenem~1rle oordrag-
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tempo aandag bchoo,·t te qeniet, is die fisiese agteruityang van 

die w~erstand in die vel as gevolg van: 

- die konta k met die diffusiemedium. Komponenle van rlie 

wee rstands fa se kan oplos of verander word deur die kontak 

met die bewegende medium aan beide kante van die membrac1n; of 

- mikrobiese afbraalc van die velstruktuur. lets wat baie 

waarskynlik is onder sulke gehidreerde toestande waar sterie­

le prosedures nie gevolg word nie. Die m·ikrobiese weerstand 

van die vel is gehaseer op die droe, lipofiele en effens suur 

oppervlak van die stratum corneum in vivo - faktore wal 

almal ui tqeskakel word in 'rt in vitro sisteem waar die vel 

tussen twee wateri ge oplossings van die oordragstof gemon­

teer word . 

Die belang van hierdie ondersoek kan dus soos volg opgesom word: 

1. foute in die vertolking van resultate van vorige werk oor 

die perkutaniese absorpsie van hidrofiele verbindings is 
ui tgewys; 

2. die c.nverenigbaarheid van 'rt eenvoudige lipiedmembraanmeganis­

me ten ops igte van perkutaniese absorpsie met die gedrag van 

die vel i s bevestig; en 

J. 'rt basis vir die sistematiese ondersoek na die oplossing van 

die meganisme verantwoordelik vir die ve~kynsel van toene­

mende oordra9tempo wat by die gekose hidrofiele verbindings 
opgemerk is, is daa rges te 1 • 
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