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ABSTRACT 

Skin surface lipids from the forehead of 51 subjects between the ages of five days 

and fifteen years were analyzed by quantitative thin-layer chromatography. The 

cholesterol concentrations were low at birth, at maximum levels at six years of age, and 

low again, almost to adult levels, at nine years. Conversely, average concentrations of 

wax esters were high at birth, low between the ages of three and six years, and rising 

towards adult levels by nine years. There was no significant change in the combined 

concentrations of triglycerides plus free fatty acids during development. Concentra

tions of squalene were highly variable, in contrast to the constant proportions previ

ously reported for adults. 

Several earlier investigations have revealed 

that the proportion of cholesterol in human 

skin surface lipids is much higher in chil

dren than in adults (1-4). This situation has 

been attributed to a high concentration of 

cholesterol in epidermal lipid, which becomes 

diluted with sebum containing little choles

terol, when sebaceous gland activity increases 

at the onset of puberty. In contrast, the squa

lene content of the skin surface lipids has 

been claimed to increase at puberty (2), indi

cating that this compound is a product of the 

sebaceous glands. 
The development of a simple procedure for 

quantitative analysis of small lipid samples by 

thin-layer chromatography (5) has prompted 

us to reinvestigate the changes in skin lipids 

which occur between birth and puberty. This 

has revealed that in terms of skin lipid com

position these are three distinct periods during 

development, and that the final change to a 

composition of the adult type begins several 
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years before other recognizable s1gns of pu

berty. 

MATERIALS AND METHODS 

Collection of lipid . Skin surface lipids were 
obtained by wiping the forehead with a small poly
ur thane sponge mois tened with hexane. The col
lodions were made at least 24 lwurs after the sub
jects had last washed, in order to obtain adequate 
quantities of material. The newborn children 
studied were five days old, and had been washed 
daily prior to collection of the surface lipid. 

The lipids were recovered from the sponges by 
extraction with hexane and the solvent was evap
orated under a stream of ni trogen. The lipid resi
dues were stored at -20° C until analyzed. 

Q'uantitative analysis. Th e principles governing 
the thin-l ayer chromatographic procedure have 
been described previously ( 5, 6). The lipid sam
ple;:, w re taken up in 0.1 ml of hexane and suit
able volumes of the olutions (usually 10 to 20 

,ul , containing between 5 and 10 1-'g of lipid) were 
spotted on th in-layer plates . These were standard 
20 X 20 em glass plates, coated with a 250 1-' layer 
of ilica Gel G (E M erck & Co.) which had been 
ruled into 7 mm wide lanes. Prior to use the 
plates were developed in ether and activated by 
heating at 130° C for thirty minutes. After spot
ting. the plates were developed successively to 19 
em in hexane , to 19 em in benzene, and finally 
to 10 em in a mixture of hexane :ether: acetic acid 
(70 :30:1). The plates were air-dried for ten min
utes between each development. 

Th e developed chromatograms were sprayed 
with 50 % H2S04 and charred by heating to 220° C 
over a period of thirty minutes. They were then 
quantitated by scanning with a photodensitome
ter (Photo,·ol t Corp, model 530) as previou ly 

rle cribed (5. 6). Peak area on the record r charts 
were obtained by triangulation and th e analyses 
w re calculated from the e areas after making al-
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lowunce for the established efficiency of charring 
of the differ nt lipids (5). This procedure has been 
shown to r solve and adequately quantitate all of 
the clas s of lipids recognized as significant con
stitu nts of the skin surface film (5, 6). 

It must be empha ized that only the compo
sition of the recovered lipids was determined, and 
no att mpt was mad to mea ure the absolu te 
amount of lipid obLained from each subject. Ef
fici ncy of r ov ry and the volumes applied on 
the chromatograms were therefore immaterial. 

RESULTS 

In Figures 1 throuO'h 5 the results of the in
dividual analy e are plotted against the ages 
of th subj ct . o distinction i drawn between 
male and f males. 

For Figure 1 the value for total cholesterol 
were calculated rather than eparate figures 
for free and terified cholesterol. This wa 
done in order to eliminate variation resulting 
from differing d O'ree of conversion of free 
chol st rol to cholesterol e ters under the in
fluence of epidermal ester e . The re ults for 
total ch l terol were, neverthel hiO'hly varia
ble up to nine years of age, but confirm the pre
viously established tendency towards high 

values for cholesterol in the skin surface lipid 
of children. Our results differ in indicating 
that the cholesterol concentration begins to fall 
to adult levels several years earlier than pre
viou ly believed. 

In Figure 2 the proportions of wax esters 
in the urface lipid are plotted according to age 
of the subject. Here the reverse trend is ap
parent, with an increase in wax esters towards 
the adult level well-established by nine years of 
age. Again, the values were quite variable at 
earlier ages. 

ome of the variability in the proportions of 
chole terol and wax esters could conceivably 
have been due to differing degrees of topical 
contamination of the skin with food fats, which 
are almost exclu ively triglycerides. The pos
sible effect of this variable was eliminated by 
plotting the ratios of cholesterol to wax esters 
for each subject (Fig. 3) . While this accen
tuated the magnitude of the relative changes in 
these components during development, the var
iabilit. between one and nine year was not 
reduced and is, therefore, not due to contamina
tion by other lipids. 
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TABLE I 

Changes in sU?jace lipid composition with age 

Age 
Subjects Free fatty Triglycerides Wax rsters Cholesterol Cholesterol Squalene 

acids esters 

Range Avg. (mos) 

5 days - 8 1.5 
1 month-2 years 10 7 20.8 

2-4 years 35 22.9 

4-8 years 81 13 15 .9 

8-10 years 110 8 17 .8 
1Q-15 years 152 7 18.8 

18-40 years - 17 16.4 

Considerable variation between individuals 

was apparent in the values for free fatty acids 

and triglycerides. Part of this variation was 

undoubtedly due to differences in the degree of 

hydrolysis of triglycerides by the action of 

bacteria. For the purposes of the present study 

this effect was minimized by calculating the 

sum of the figures for free fatty acids, triglyc

eride and diglycerides for each subject. This 

composite value is termed 11total labile fatty 
acids." In Figure 4 the individual values for 

total labile acids are plotted according to the 

age of the subject, revealing no clearly-defined 

change during development, although there is a 

tendency to high values between one and five 

years. 
Squalene was the most variable of the sur

face lipids studied, and no developmental trend 

was apparent (Fig. 5). 
On the basis of the trends apparent in the 

proportions of cholesterol and wax esters, the 

average surface lipid compositions were calcu

lated for a series of age groups (Table I). For 

comparison, an average composition of adult 

surface lipid (6) is included in the table. The 
highest concentrations of cholesterol and cho

lesterol esters and the lowest proportion of wax 

e ters occur in the range four to eight years, 

after 'vhich the composition changes toward 

adult values. 

DISCUSSION 

The average surface lipid compositions for 

the different age groups shown in Table I con

firm the observation of earlier investigators 

that cholesterol content is high in prepuberal 

children. This is in agreement with the accepted 

view that since sebum production is low in this 
age group, the cholesterol-rich epidermal lipid 

51.9 26.7 2.5 6.1 9.9 
3 .4 17.6 3.7 10 .3 9.4 
49.6 8. 0 4.2 .9 6.2 
45.6 6.9 7.2 14.6 7.7 
47.4 17. 8 3.2 5.7 .3 
42.9 23.6 1.8 4.2 .4 
41.0 25.0 1.4 2.1 12.0 

is predominant. However, the age at which the 

change toward an adult-type composition oc

curs is earlier than expected from previous ob-

ervations, which have suggested that the cho

lesterol concentration decreases at about 13 to 

15 years. Thus, Nicolaides and Rothman used 

pooled hair lipid from boys aged six to twelve 

years to represent child sebum, which was 

found to contain 12.2% total cholesterol, com

pared with 3.8% for men (2). Washburn and 

Liese reported an average 8.7% cholesterol for 

children aged three to sixteen years (3). Our 

data indicates that the change to adult-type 

composition of the surface lipids is well ad

vanced by age nine. 
There is also a marked change in surface 

lipid composition between birth, where it re

sembles the adult composition, and four years 

of age, indicating that sebum production is 

high in the newly born. Presumably the seba

ceous glands are active at birth as the result of 

stimulation by maternal androgens acquired 

transplacentally. 
If a change in the ratio of sebum to epi

dermal lipid in the surface film is accepted as 
the sole mechanism for the change in com

position with development, the analytical fig

ures may be used to indicate the anatomical 

origin of other constituents. Thus, the dra

matic increase in wax ester concentration to
wards puberty is evidence for the origin of this 

material in the sebaceous glands. This agrees 

with Nicolaides' observation of minor amount~ 

of wax esters in plantar epidermis (7). Similar 

interpretation for triglycerides plus free fatty 

acids, which together show no appreciable 

change with age suggests that this fraction 

forms a similar proportion of both sebum and 

enidermal linid. It is of interest to note, how-
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r, that at the age of five days there is al
mo t no hydrolysis of triglycerides to free fatty 
acids, uggesting that a population of the ap
propriate bacteria has yet to be established. 

From the average values in Table I, it 
would al o be concluded that squalene is pres-
nt in both ebum and epidermal lipid. In this 

regard, icolaide and Rothman demonstrated 
some synthesis of squalene by palmar epi
dermis (8), although only traces were detected 
in plantar epidermis (7). However, the con
centrations of squalene are too variable to form 
a ba is for interpretation at this time. 

It is of interest to inquire into the large dif
ferences between individual children in the 
compo ition of the skin surface lipids. This 
variation would not appear to result from 
defici ncies in the analytical procedure, judg
ing from the results of repetitive analysis of 
r ference mixtures and of samples from individ
ual ubjects (5, 6). The most prob:tble source 
of this variation would appear to be large clif
f ren e in the ages at which sebum produc-
ion change , both post-natally and pre-pu

berally. Thu , in a particular age group, some 
childr n may have accomplished a change while 

other have yet to experience this effect. In or
der to examine this aspect we are presently 
following the skin surface lipid composition of 
individual children over long periods of time. 
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