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Abstract. To study lhe influence of urea and lactic acid 
on the percutancous absorption of hydroconisonc, in­
vestigations werc pcrformcd on exciscd human and guinea 
pig �kin. Isotopc-labelled hydroconisone in solution or 
cream base, wilhout or with urea or lactic acid, were 
applied 10 thc epidermal side. The bathing solution on 
thc dermal sidc was then collected and analyscd for 
hydrocortisone contcnt. Addition of lactic acid increa,ed 
the ab,orption of hydrocortisone, probabJy due to a de­
crea�e in pH. Addition of urca causcd an insignificanl 
incrcase in hydroconisone absorption through human skin 
and a considcrable decreasc through guinea pig skin. 
The incrcase<I hydrocortisone absorption observcd in the 
presence of urea and lactic acid must be a11ribu1ed to 
1hc lat1er subsrnnce. The absorption of bydrocorti;,one 
from :, cream base was minimal and addition of urea 
causcd no incrcosc. No systemic cffccts after topical 
application of urea- and hydrocortisonc-containing crcams 
necd be feared. The absorption of urea was small, being 
only about J % of the amount applied <luring 2nd 24 hour 
period. 

A favourable clinical effect of urea cream was 
noted in various skin diseases and its mechanism 
of action has been described by Swanbeck (6-8). 
As urea is an endogenous and nontoxic subslance 
no side effects need be expected when urea is 
used in a 10% concentration for topical treat­
ment. From a therapculic point of view it is 
sometimes desirable lo apply hydrocortisone con­
comitantly. 1t might lhen be possible that the 
urea and laclic acid present in lhe preparation 
could so increa�e the percutaneous absorption of 
hydrocortisone that systemic effccts appear. The 
purpose of thc following report was to elucidate 
this question. Some pilot experiments on lhe ab­
sorption of urea were also performed. 

MATERIAL AND METHODS 
A detailed descriptioo of thc in vitro method bas been 
repor1ed previou,ly (I 1-13). In short, freely prepared 

picces of whole skin ar� foed in diffusion chambers 
made of plcxi-glass. The chamber is placed on a hot­
platc with regulated temperature in order that the absorp­
tion experiments can be performrcl under constant tcm­
perature conditions. The substance stuclied is applied 10 
thc epiclermal side (area 3.1 cm') anti tbe dermal side i;, 
batbed by a continuous flow of saline. The balhing 
solution is then collcctccl in an at11oma1ic fraction col­
lcctor at previously determined intervals. Analytical meth­
ods are described bclow. 

Skin. Human skin "as obtained from the Pla,tic Surgery 
Clinic at thc Karolinska Hospital, from patients who bad 
undergone mammary plustic surgery. Skin from the backs 
of white guinea pigs was excised. After free preparation 
thc resistance was mca,ured in order 10 dctcrrnine any 
pm,,iblc injury to the skin (Il). Only values less than 
5 1,A/ I V was acceptcd. 

Test s11bsta11ces. "C-labelled hydrccortisone and urea 
were obtained from the Radiochemical Centre, Amcrsham, 
England. 

Vehicles for hydrocortisone. 

I. Cream ba,e containing 10"{, uren (pH- 3) 

2. Cream ba,e without urca (pH - 3)
3. 2.5% Twcen 20+di,t. water 
4. 2.5% Tween 20+ 10°0 11rea+dis1. water 
5. 2.50{, Tween 20+ 10°

0 urea+5 °� acid lact.+dist. water 
6. 2.5% T"ccn 20+5°0 acid lact. dist. watcr 

Vehicles for urea. 

1. Distillcd water 
2. 2.5 °:, Twcen 20 + dis!. water 
3. 2.5 % T"e�n 20-'- 5 °0 acid lact. + dist. watcr 

Radioactivlty was measured in a liquid ,cintillation
spectromcter (Packarcl Tri-carb, mode! 3314). The solvent 
was 1 part of xylene ... 3 parts of dioxane + I part o( 
ccllosolve. In this mixture werc dissolved 1.4 °. PPO, 
0.07% dimclhyl-POPOP and 11.2% naphthalcne (w/v). 
10 ml of this solULion was mixed with 4 ml of cellosolvc 
and I ml of the bathing solution. 

RESULTS 

The results are presented in Tables I-lll and 
Figs. 1-3. The absorption is given as a percentage 
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Table l. Perc11ta11?011s absorption of hydrocortiso11e (0.03 ° .. ) in 2.5 °., Twnn 20 an:1 distilled warer II irl,0111 
and in the prese11ce o/ urea mu/ lacric acid. Excis!'d human and g11i11:w pig �ki11 

'\, ab�orption or amount apphed 

Lactic 
Urca ncid No 0-24 h 

Series conc. conc. Typc of of 
no. pli skin exp. Range 

1-5 0 0 6.20 GuineJ p ig 5 0.06-0.31 
6---7 0 0 6.20 Human 2 0--0.07 
8--12 10 0 6.80 Guinea pig 5 0-0.04 

13-14 10 0 6.80 Human 2 0.03-0.17 
15-19 10 5 2.55 Guinea pig 5 0.06-0.49 
20--21 10 5 2.55 Human 2 0.15 0.30 
22 26 0 5 2.15 Guinea pig 5 0--0.36 
27-29 0 5 2.15 Human 3 0--1.13 

of the amount applied, both per 24 hour period, 
and also cumulatively. 

Eflect oj urea and lactic acid on 

the absorption of hydrocorrisone 

(Table L, Figs. I, 2) 

Addition of I 0 0o urea increased the absorption 

of hydrocortisone through human skin to an 

insignificant extent (series I 3-14 compared with 

series fr-7) \\hile the absorption through guinea 

pig skin decreased (series 8-12 compared wilh 

1-5).

Addition of 5 % lactic acid increased the ab­

sorption both through human skin (series 27-29 
compared wilh serie!) fr-7) and through guinea 

pig si-in (serie\ 22-26 compared "ith 1-5). 

Addition of both urca and lactic acid (series 

15-19) gave, throughout. the highesl absorption

for guinea pig �kin. For human skin (series 20-21)

a higher absorption was obtaincd than by using

the solution without addition (series fr-7) or with

urea alone (series 13--14). Lactic acid alone (series

27-29) failed lo modify the absorption, though

it did increase gradually v.ith lime for both types

25-48 h 49-72 h 

Mean➔ S.E. Range !\11can-S.F Rangc Mcan S.E 

0.12 :±. 0.05 0--0.55 0.25+0.l4 0.07-1.03 0.70±0,23 
(0.04) 0 0.o7 (0.04) 0 0.08 (0.04) 
0.04 0.02 0-03 0.19 0. I 2-:: 0.03 0.10--0.34 0.19-0.08 
(0.10) 0 0.17 (0.09) O.Q2 0.22 (0.12) 
0.29 1 0.09 0.16-1.54 0.69 +0.30 0.44-1.63 0.94±0.25 
(0.22) 1.31 2.30 (1.80) 2.80--2.90 (2.85) 
0.15 0.07 0.04-0.73 0.50::0.12 0.08-1.42 0.97-0.30 
(0.48) 0.12-3.70 ( 1.801 1.27 4.12 (2.33) 

of skin. There was le!>s absorption through guinea 

pig skin than through human skin when the test 

solutions contained lactic acid. 

EJ fect oj urea on the absorption of 

hydroconisonc in cream base (Table Il) 

Absorption was minimal and could be detected 

in scnes 3 l during thc 2nd day, in �eries 32-33 

during the 3rd day. ln serie\ 30 and 34 no ab­

sorption al all could be observed. ln those 3 ex­

periments whcre the investigation could be com­

pleted during seven 24 hour periods the absorption 

was, in series 30, less than 0.04 and in series 31, 
0.93% (both wilhout urea) compared with 0.20% 

(serie� 33) with urea. 

Absorption of urea (Table Il r. Fig. 3) 

The ahsorption usually increased gradually with 

time and no steady state was observcd. For the 

20 °o urea solutions I % was absorbed du ring the 

2nd '.?4 hour period. afler se\en 24 hour periods 

5-9 % was absorbed. Addition of lactic acid in­

crea�cd absorption slightly.

Table Jl. Perc111C111eous absorption oj hydrocortiso11e (J.0 °
0 ) i11 a cream base, withour and in the presence of 

urea. Excised gui11ea pig skin 

Amount 0
0 absorption of applied hydrocortisonc Cumulative ab,orption ( 0.,) 

Series Urca cream 
no. conc. 0o applicd (g) D3) Oay 2 Oay 3 Da> 4 Day 5 Da) 3 Day 4 Day 5 Day• 6 Day 7 Da> 10 

30 0 l.074 0 0 0 0 0 0 0 0 0 <0.04 
31 0 0.387 0 0.04 0.08 0.05 0.30 0.12 0.17 0.47 0.83 0.93 
32 0 0.695 0 0 0.11 0.30 0.11 0.41 
33 10 0.780 0 0 0.03 0-07 0.06 0.03 0.10 0.16 0.20 0.20 0.54 
34 10 0.969 0 0 0 0 
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Table TJI. Perc11ta11eo11s absorption of urea from solutions. Excist>d human 011d guineo pig skin 

•• absorption of amount applied

Oay I Oay 2 
Urea Volumc 

Serie, conc. applied T) pe of 0-12 13-24 25-36 37-48 
no. 0 

0 Vehicle (ml) skin h h h h Day 3 Da> 4 Day 5 Oay 6 Day 7 

35 10.0 Dist. \\lllCr 2.0 Human o.oi 0.01 0.01 0.01 0.04 0.03 0.03 0.06 0.13 

36 20.0 2.5 °. T\\een 20 1.0 Guinea pig 0.01 0.10 0.35 0.39 1.24 1.02 l.69 2.48 

dist. \\Uter 

37 20.0 2.5 % Twccn 20 1.0 Guinea pig 0.o7 0.68 0.25 0.49 0.45 1.68 1.99 

dist. water 
38 20.0 2.5 °. T"cen 20 1.0 Human 0 0.12 0.16 0.20 1.05 1.68 2.02 1.45 l.68 

5.0°., lactic acid 
+ dist. water

39 20.0 2.5 �. Twccn 20 1.0 Guinea pig 0.11 0.06 I.OJ 0.63 0.80 
5.0 "o lactic acid 

, dist. water 
40 20.0 2.5 •., Twccn 20 1.0 Guinea pig 0.04 0.12 0.94 1.46 0.73 0.43 0.57 0.50 4.02 

5.0Ho lnctic acid 

dist. water 

DlSCUSSION and its derivatives. The techniques tried are: 
Wc still lack satisfactory methods to determine measuring with gas-flow cell (5), urine analysis 
the percutaneous absorption of hydrocortisone (I, 2). and vasoconstriction tests (4), but each 

one of these methods has its disadvantages (14). 
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Fig. I. Mean cumulative absorption of hydrocortisone in 
Twecn 20 and di>1iUed wa1er, witbout and in the prescncc 
of urea and lac1ic acid. Human skin. 

14- i32803 

Thereforc, one must for the moment accept that 
there are no sati�factory in vivo methods for 
certain substance:. and in those cases in vitro 
methods have to be used. Extrapolation to human 
subjects must be made carefully. Advantages and 
disadvantages with the in vitro method used in 
this repor! were discussed previously (I I). 

The invcstigations have shown that lactic acid 
causes an increase in the absorption of hydro­
cortisone. The pH of the �olutions decreased 
from 6.2 and 6.8 to 2.55 and 2.15 (Table 1)

arter addition of lactic acid. The gradual in-
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Fig. 2. Mean cumulative absorption of hydrocortisone in 
rween 20 and distilled "alcr, without and in Lhe prescnce 

of ur,,a and lactic acid. Guinea pig �IJn. 
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