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Abstract. Fourteen patients with ichthyosis (8 sex-linked, 

6 autosomal dominant) were treated in a double-blind 

trial with urea cream or its base and with rctinoic acid. 

U rea cream caused clinical improvement, increased water­

holding capacity of the stratum corneum by 100%, and 

bad little effect on the epidermal water barrier. Retinoic 

acid was useful for treating keratosis pilaris, but caused 

irritation. The epidermal barrier and water-holding capacity 

were little affected. 

Several repo,:ts have suggested that both 10% 

urea cream (Calmurid®-Pharmacia Ltd., Lon­
don, G.B.) (2, JO, 11, 12) and retinoic acid 

(Vitamin A acid) (3, 6, 8, 9, 13) are of value in 

the management of ichthyosis. We therefore in­

vestigated their possible mode of action in vivo by 
studying their effects on two parameters of epi­

dermal function. The parameters chosen were: 

I. Transepidermal water loss (TEWL) as an in­

dicator of the integrity of the epidermal water 
barrier. 

2. Hydration of epidermal scales in vitro at

various humidities as an indication of the water­

holding capacity (WHC) of corneal cells. Urea and 

retinoic acid were applied in vivo and the waLer­

holding capacity of the scales was subsequently 

measured in vitro. 

METHOD 

Fourteen patients witb icbthyosis were studied. Eigbt had 
the sex-linked variety and 6 tbe autosomal dominant type 
(I 4), The ages and sexes of the patients are sbown in 
Table I. Keratosis pilaris was present in all the autosomal 

dominant cases but in none of the sex-linked cases. There 

was a past history of hand eczema in case 6 and urticaria 

in case 8. 
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PROCEDURE 

For 3 weeks before the stan of the trials no topical ap­

plications were used and no drugs taken. 

In a clouble-blind trial urea cream was appliecl to one 

upper limb and the base was appliecl 10 1he opposite 

limb (14 subjects, in cases 7 and 8 the lower legs were 

used). The creams were appliecl twice daily using the 

method suggested by the manufacturers, i.e. appUed as a 

thick film which was left undisturbed for 3-5 minutes 

before being rubbed into the skin. 

Retinoic acid was applied 10 one lower leg and left 
overnighl under polytbcne occlusion. The opposite limb 

was left untrcatcd and acted as tbe control for retinoic 
acid (13 subjects, in case 7 the upper limbs, and in case 8 
the tbighs were tested). 

The three skin preparations used were: 

I. 10% urea crcam (Calmurid) 

2. The base of Calmurid (a hydrous cream in wbich 1he 
urea, betaine and lactic acid had bcen removed. 

3. retinoic acid 0.1 % in soft yellow paraffin. 

At the ene! of the 3 wcek period all treatment was stoppcd 

for Il days and the skin parameters remeasured. 

1. Epidermal water barrier

The water loss by diffusion through skin, when sweat 

glands are inactive, is known as transepidermal water

loss (TEWL). Measurement of TEWL can be used as a

method of assaying 1he effect of topical skin app!ica­

tions on the skin water barrier function. Damage to the

barrier increases TEWL.

TEWL was measured by a standard technique using an 

electrolytic hygrometer (Mceco), after abolition of eccrine 

sweating by the application of polcline metbosulphate. 

The galvanic skin resistance (GSR) was measured 10 en­

sure that sweating bad been completely abolished. Skin 
te1nperature and ambient humidity were n1easured and 

TEWL corrcctcd for skin temperature (4). 

2. Warer holding capacity of stratum

corneum scales

The capacity of stratum corneum scales to take up water 

was assc�sed by allowing them to equilibrate in an 



Urea and retinoic acid in ichthyosis 115

Table I. Effect of urea cream and retinoic acid an transepidermal water loss and 011 c/inical state 

Topical application 
(Urea cream: urea Physician 's 
cream base: assessment: 

Autosomal retinoic acid RA) ++ Oreat 
dominant Pre-trial Trans- improvemcnt 

(AD) or readings= I cpidermal lmproved 
X-linked Post-trial water loss 0 No change Patient's 

Case no. Age Sex (SL) readings� 2 (mg cm-2 h-1) - Worse assessment 

61 6 SL Control 1 0.8 0 0 
Control 2 0.8 0 0 
Urea 2 1.0 ++ ++ 
Base 2 I. I 0 0 

2 17 SL Control 1 1.2 0 0 
Base 2 I. I 0 0 
Urea 2 I. I ++ ++ 

RA 2 0.7 ++ ++ 

Control 2 1.0 0 0 

3 18 SL Control I 0.7 0 0 
Urea 2 0.7 + ++ 

Base 2 0.6 0 0 
Control 2 0.9 0 0 
RA 2 0.7 ++ ++ 

4 18 AD Control I 0.9 0 0 
Urea 2 0.6 ++ +- + 
Base 2 0.9 0 0 
RA 2 1.2 ++ 

Control 2 0.7 0 0 

5 12 0 SL Control I 0.8 0 0 
Base 2 0.7 ++ ++ 

Urea 2 0.7 + 0 
RA 2 2.8 ++ ++ 
Control 2 0.9 0 0 

6 12 0 AD Control I 0.9 0 0 
Base 2 0.9 0 0 
Urea 2 1.0 0 0 
Control 2 1.0 0 0 
RA 2 

7 18 AD Control I 0.6 0 0 
Base 2 0.7 0 0 

Urea 2 0.5 ++ ++ 

Control 2 0.9 0 0 

RA 2 1.5 ++ 

8 53 AD Control I 1.5 0 0 
Urea 2 0.4 + + 

Base 2 0.4 0 0 
RA 2 0.4 ++ 

Control 2 0.3 0 0 

9 55 AD Control I 0.6 0 0 
Urea 2 0.5 +-I ++ 

Base 2 0.7 ++ ·I ·I 

Control 2 0.5 0 0 
RA 2 0.5 ++ ++ 

JO 27 ö SL Control I 0.8 0 0 
Base 2 0.8 0 0 
Urea 2 0.6 + + 

Control 2 0.7 0 0 
RA 2 0.9 0 0 

Il 15 AD Control I 0.9 0 0 
Urca 2 0.6 + +-'-

Base 2 0.8 0 0 
RA 2 0.7 ++ 0 
Control 2 0.7 0 0 
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Table I (co111i1111ed) 

Topical application 
(Urea cream: urca .Physician 's 

cream base: assessment: 

Autosomal retinoic acid RA) -+ Grcat 
dominant Pre-trial Trans- improvement 
(AD) or readings-1 epidermal + Jmprovcd 
X-linked Post-trial water loss 0 No change Patient's

Case no. Agc Sex (SL) readings 2 (mg cm-2 h-1) Worse assessment 

12 56 <J SL Control 
Base 

Urea 
Control 
RA 

13 48 SL Control 
Urea 
Base 
RA 
Control 

14 14 SL Comrol 
Urea 
Base 
RA 
Control 

atmospbere of known humidity. The gain in weight from 
the dry weigbt (established by initial dcsiccation) was a 
measurc of tbe water-holding capacity (or watcr contcnt) 
of tbe corneum at a given hmnidity. 

Surface scales were scraped off ihe stratum corneum 
and weighe<l in a polytetra fluoroethylene (PTFE) cup. 
The scales were left in a desiccator and re-weighed daily. 
Whcn equilibrium wns reached (usually in 4-8 days) and 
tbere was no furthcr weight loss, tbe scales in the PTFE 
cup were transferred LO thc high humidity atmospherc. A 
saturated solution of sodium chloride in the base of a 
desiccator jar produccd a relative humidity (RH) of 82 % 
(I). The scales were allowed lo reach cquilibrium al RH 
82% and were reweighcd. The method is similar to onc 
used by Swanbeck (12) for measuring tbe water content 
of icbthyotic scales after he had soakcd them in urea. 

OControl 

I 0.7 0 0 
2 0.8 + + 

2 0.9 + .j + 

2 0.8 0 0 

2 1.9 ++ 

I 0.5 0 0 

2 0.3 +� -t
2 0.6 0 0 

2 0.9 + 

2 0.9 0 0 

I 0.9 0 0 

2 1.5 +- + + 

2 1.6 + 

2 2.2 ++ 0 
2 1.8 0 0 

The prescnce of urea on the skin was checked by 
using 0-phthaldialdehyde paint in an area wbcre sweating 
had been abolished. The paint stained the skin a diffuse 
black at the site of previous application of urea cream. 
Juhlin & Shelley (7) showed tbat 0-pbthaldialdehyde could 
be used for detecting tbe presence of sweating by ils 
action on the urea in sweat. 

RESULTS 

Transepidermal waler loss 

The results can be seen in Table I. The TEWL 

was slightly reduced by the application of urea 

cream (Urea 0.7 ± 0.3 mg cm-2 h-1. Base 0.8 ::!: 0.3

EZJAhe, usi™J urea 10% p,eparation for 3wks 

• Alter usillll the base 
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C,:e number 

Fig. I. Effect of urea pre­
paration on water holding 
capacity of scales in ichthyo­
sis. 



Table Tf. The ejject oj 0.1 % retinoic acid 011 the 

water-holdi11g capacity (WHC) oj stratum corneum 

scales at 82% RH ( WHC expressed as % dry weight) 

Case no. Retinoic acid Control 

l 9.5 10.5 
2 18.1 13.2 

3 I 3.5 9.3 

7 6.7 4.3 
8 9.7 11.6 
9 7.4 7.3 

10 7.7 6.5 

11 8.0 8.7 
12 13.4 5.9 
13 2.9 3.1 

14 9.8 6.9 

mg cm-� 11-1
. In a paired cornparison the rnean 

difference was significantly different from zero 
at the 95 % leve]). 

Retinoic acid, however, increased TEWL 
slightly: (Retinoic acid 1.2 ± 0.7 mg cm-� h-1

. 

Control 0.8±0.3 mg cm-2 11-1 paired compari­
son. Significantly different at 95 % leve!). 

There was no significant difference between the 
findings in the two types of ichthyosis, but the 
number of cases was small. 

W ater-holding capacity of s1ratum corneum at 

82% RH 

As seen in Fig. l, urea caused a very highly sig­
nificant increase in the water-holding capacity of 
the corneocytes (Urea 17.8±4.8%. Base 9.2± 
3.5 % . Significantly positive at the 99.9 % leve!). 

Retinoic acid caused a slight increase in the 
WHC when compared with its control (Retinoic 
acid 9.7 ± 4.1 % . Control 7.9 ± 3.1 % . Significantly 
positive at the 95 % leve!) (Table Il). 

There was no significant difference in the 
response of either type of ichthyosis to the two 

agents: the numbers were very small, however. 

In all patients, use of 0-phthaldialdehyde showed 
that urea was present in the stratum corneum the 
day after stopping the urea cream. In 1 patient 
(case 14) the water-holding capacity was measured 

Table 111. Repeated measurements oj water-holding 
capacity (WHC) oj stratum corneum scales ajter 
cessation oj 11rea therapy 

Days after ceasing thcrapy 

WHC, % dry weight 

3 10 17 24 

18.8 11.5 6.7 8.5 7.6 
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up to 24 days after stopping urea treatment (Table 
I Il) and it showed that by the third day the WHC 

had fallen to the pre-treatment level. 

Clinical assessment 

Significant clinical improvement occurred at sites 
treated with urea cream compared with those 
treated with the base (Table 1). None of the 
ichthyotic patients complained of irritation. 

Retinoic acid was rnore effective than urea 
cream in reducing the keratoses, where kerntosis 
pilaris was present, but dermatitis resulted in 2 
patients (cases 12 and 13), erythema in 4, and 
pruritis in 8. 

DISCUSSION 

In this double-blind trial, urea cream proved sub­
jectively and objectively to be more effective than 
its base. The stratum corneum after 3 weeks of 
treatment had increased its capacity to take up 
water by 100 % . This effect was probably due to 

the presence of the hygroscopic urea in the stra­
tum corneum. Although the tests were performed 
24 hours after stopping therapy, 0-phthaldialde­

hyde paint showed urea was still present in the 
stratum corneum. None of the patients com­
plained of irritation and measurement of trans­
epidermal water loss confirmed that there had 
been no damage to the water barrier. TEWL may 
be normal or slightly increased in ichthyosis (5). 

Retinoic acid caused skin irritation in 8 of the 
13 cases. The irritant effect of retinoic acid was 
reflected in a slight increase in the rate of TEWL 
which would be compatible with some damage to 
the epiderrnal barrier. Keratosis pilaris was greatly 
irnproved in the 6 patients who had it. Water­
holding capacity of the stratum corneum was little 
affected by retinoic acid. 

The results of these investigations confirm that 
the effect of urea in ichthyosis is probably due to 

its hygroscopic effect. The results do not shed any 
light, however, on lhe mechanism of the action of 
retinoic acid. It has been suggested that it affects 
the lipid sheaths of the keratin fibrils of the 
stratum corneum (13). From the present findings 
this is unlikely to be the case, sincc, were this so, 
one would have expected reti.noic acid to have 
produced greater destruction of the epidermal bar­
rier and water-holding function of the stratum 

corneum. 
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