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Sustainable rates of sebaceous wax ester secretion 
vvere measured on the foreheads of 109 men and 167 
vvomen, aged 15-97. Each measurement was made after 
first depleting the cutaneous sebum reservoir by over
night absorption of lipid into a layer of bentonite clay. 
Lipid was then absorbed for 3 h into fresh clay in which 
tvvo 2-cm cloth disks were embedded. The absorbed lipid 
vvas extracted from the disks with ether and analyzed 
for wax esters by thin-layer chromatography. 

For both men and women there was a wide range of 
vvax ester secretion rates at all ages. Rates were highest 
in the 15- to 35-year-olds and appeared to decline con
tinuously throughtout the adult age range. Values of 
log( wax esters) were better correlated with age than the 
untransformed values of wax ester secretion. The equa
tions of best fit of log( wax esters) vs age suggested that 
sebum secretion declines about 23% per decade in men 
and 32% per decade in women. 

The possibility that sebum secretion rates change during 
adult life was investigated by Pochi and Strauss [1], who 
reported that sebum secretion rates remain unchanged for 
decades following puberty, dropping only at the time of meno
pause in women and at about age 70 in men. In another study, 
by Cunliffe and Shuster [2], the subjects were divided into two 
groups based on whether or not they reported a history of acne. 
It was found that young subjects with past acne had higher 
sebum secretion rates than normal, but secretion rates dropped 
steadily for post-acne subjects after age 20. The subjects who 
did not report past acne tended to have lower, but more stable, 
levels of sebum secretion until late in life. 

In both these studies, sebum secretion was measured on t he 
fore head by absorption into cigarette papers. That technique 
[3] involves a 30-min preabsorption step into papers which are 
discarded, followed by a 3-h collection into fresh papers, from 
which sebum is extracted and weighed. Subsequently it has 
been found that human forehead skin contains a follicular 
reservoir of sebum which can be depleted only by prolonged 
absorption of sebum from the skin surface [4]. This depletion 
can be accomplished by absorption, for 14 h, into bentonite 
clay ( 4]. Following this depletion , a sustainable rate of secretion 
can be measured by absorption of sebum into fresh applications 
of bentonite clay. This sustainable rate is lower than the rate 
that can be measured on the same subject with the cigarette 
paper method, probably because t he cigarette paper method 
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includes in its measurement some extra sebum obtained by 
drawing down the reservoir. Because of t his inherent error in 
the cigarette paper method, we thought it worthwhile to reex
amine the question of whether sebum secretion rates change 
during adult life, using the sustainable rate (bentonite) method 
of measurement. In the bentonite met hod the collected lipid is 
analyzed by thin-layer chromatography and the amount of a 
purely sebaceous lipid class (wax esters) is used as a m easure 
of relative rates of sebum secretion [5,6]. 

METHODS 

Subjects 

The subjects included 109 men and 167 women, ages 15-97. Subjects 
under 65 were recruited from the Iowa City community by a newspaper 
advertisement and by appeals to various organizations. Subjects over 
65 were residents of nursing homes who volunteered to participate. 
Women in the 15- 35 age group who were taking birth control medica
t ion were excluded from the study. Informed consent was obtained 
from all subjects. 

Depletion of the Reservoir and 3-Hour Collection of S ebum 

Subjects under 65 performed the depletion step themselves at home, 
and then came to the laboratory to have the 3-h collection done. Each 
of these subjects was given a tube of an aqueous suspension of bentonite 
clay containing 0.2% carboxymethylcellulose and 2 rectangular pieces 
of nonwoven polyester cloth (Pelion medium -weight sew-in interfacing) 
1 x 2 inches in size. Subjects washed their forehead with soap and 
water 14 h before they were scheduled to return to the laboratory. A 
thin film of bentonite gel was then applied to the forehead, a cloth 
patch was placed over t he gel, and then more bentonite gel was applied 
over the patch. After 6 h the first patch was removed and the second 
patch was applied in its place with more bentonite gel. The forehead 
was not washed between applications. The second patch remained in 
place until the subject returned to the laboratory. The second patch 
was then removed by the investigators and a fi lm of gel was spread 
over the depleted site. Two 2-cm disks of the nonwoven polyester cloth 
were applied, equidistant from the midline of the forehead . More gel 
was spread over the disks, which were then allowed to remain in place 
for exactly 3 h. In the case of the nursing home residents, both the 
depletion of the reservoir and the 3-h collection were performed by the 
investigators. 

Analysi.s of Collected Lipid 

The lipid collected in each disk was analyzed separately. The disks 
were placed in separate vials, to which 5 ml of ether was added to 
extract the lipid. The lipid extracts were evaporated to dryness under 
nitrogen and redissolved in 50 or 100 JJl of toluene containing 2 mg/ ml 
of methyl oleate as an internal sta ndard. Aliquots of the extracts (4-
12 JJl) were applied to 6-mm lanes scored in thin -layer plates coated 
with a 0.25 mm-thick layer of si lica gel G. The plates were developed 
successively to the top with hexane and then toluene. The developed 
chromatograms were sprayed with 50% aqueous sulfuric acid and 
charred by heating to 220"C on a hotplate. After t he plates had cooled, 
the methyl oleate and wax ester spots were quantified by photodensi
tometry [7,8]. The amount of wax esters from each disk was calculated 
by dividing the densitometric area of the wax ester spot by the area of 
the methyl oleate spot and mutiplying the result by the amount of 
methyl oleate added to the sample (100 or 200 JJ g). An average of the 
right and left disks was calculated for each subject. Wax esters/ 10 cm2

/ 

3 h was then calculated b.Y, dividing the average wax esters/disk by the 
area of the disks (3.14 cm2

) and mult iplying by 10. 
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FIG 1. Sustainable rates of wax ester secretion on the foreheads of 
men aged 15- 97. The solid line was arrived at by calculating the best 
straight-line fi t of log( wax esters) vs age, then calculating the theoret
ical values of log(wax esters) at various ages, converting these to 
antilogs, and plotting the resulting curve on the graph. 
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FIG 2. Sustainable rates of wax ester secretion on the foreheads of 
women aged 15- 93. The solid line was arrived at as in Fig 1. 

RESULTS 

Sustainable rates of wax ester secretion as a function of age 
are shown for men in Fig 1 and women in Fig 2. To fit the 
curves, values of wax ester secretion were converted to log( wax 
esters) because log-transformation straightened the regression 
line and produced a better fit . However, the data points in the 
figures represent the untransformed values of wax ester secre
tion, and values of log(wax esters) calculated from the best fit 
of log(wax esters) vs age were transformed to wax ester secre
tion rates before being used to plot the curves. The equations 
for the lines of best fit of log( wax esters) vs age were: log( wax 
esters) = 3.037 - (0.011 X age) for men and log(wax esters) = 
3.015 - (0.017 X age) for women. The correlation coefficients 
(r) were 0.585 for men and 0.661 for women. For both values 
of r, p < 0.0001. It can be calculated from the equations that 
wax ester secretion decreases about 23 % per decade in men and 
about 32% per decade in women. 

DISCUSSION 

The Percentage of Wax Esters in Sebum 

The use of wax ester secretion rates as a measure of sebum 
secretion in the present study was thought advisable because 
of uncerta inty as to whether sebum composition changes with 
rates of sebum secretion. It is known that in prepuberal children 
the percentages of wax esters in skin surface lipid are reduced 
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[6] compared to the normal adult value of about 26%, while the 
percentages of cholesterol and cholesterol esters are increased. 
It is not known, however, whether this is simply an effect 
caused by a reduced amount of sebum compared to epidermal 
lipid or whether the composition of sebum per se actually is 
different. Although there are no children in t?e present study, 
many of the women had wax ester secretiOn rates in the 
childhood range (less than 100 J.Lg/10 cm2/3 h) . With these 
women, there is some doubt as to whether wax esters constitute 
26% of sebum, but for the other subjects 26% is probably a 
good approximation. 

Age and Wax Ester Secretion Rates 

The results of the present study suggest that the decline of 
~ebaceous gland activity with age is a gradual process, beginning 
m young adulthood and continuing throughout life, or until 
sebum secretion is virtually nil. The decline appears to occur 
more rapidly in women than in men. In a number of our female 
subjects, wax ester secretion had reverted to the range found 
in most 6-year-old children [6] . However, there was consider
able scatter in the data, and some elderly women had wax ester 
secretion rates that were as high or higher than those for much 
younger women. 

The gradual decline in wax ester secretion rates that we 
observed contrasts with the long periods of stability in sebum 
secretion reported by Pochi and Strauss [1] and by Cunliffe 
and Shuster [2] with non-acne subjects. Probably this discrep
ancy results from the effect of the sebum reservoir [ 4] on the 
results obtained with the earlier method of measurement. The 
reservoir would be expected to interfere more with the meas
urement of low rates of sebum secretion than with high rates. 
The observation of Cunliffe and Shuster [2) that subjects with 
past acne (who had high rates of sebum production) did show 
a decline with age is compatible with this concept . 

The reason for the apparent decline in sebum secretion with 
age is not clear. Androgens are thought to be the major stimulus 
to sebaceous gland development and secretion [9] . It has been 
shown, for example, that the small and inactive glands of 
prepuberal children can be stimulated to enlarge and produce 
sebum by the systemic or topical administration of testosterone 
[9] . However, it seems unlikely that sebum secretion rates can 
be explained by levels of circulating androgens alone. Testos
terone levels in normal men and women do not overlap, but 
sebum secretion levels overlap considerably. This paradox has 
been explained by the concept that maximal stimulation of the 
sebaceous glands requires fairly low levels of androgens (9]. 
However, this concept does not explain the considerable vari
ability among individuals in sebaceous gland activity. Presum
~bly, factors other than androgens, such as end-organ response, 
mfluence the maximal rate of sebum secretion. Perhaps a 
decline in sebaceous gland responsiveness, or in some other 
factor, rather than a decline in levels of circulating androgens, 
could produce the age-related decline in wax ester secretion 
observed in this study. 

We thank David J . Sorensen, Ph.D., Department of Geography, and 
Andrew M. Isserman, Ph.D., Department of Urban Planning, Univer
sity of Iowa, for performing the statistical analysis, and Anna M. 
Stranieri for expert technical assistance. 

REFERENCES 
1. Pochi PE, Strauss JS: Endocrinologic control of the development 

and activity of the human sebaceous gland. J Invest Dermatol 
62:191- 201, 1974 

2. Cunliffe WJ, Shuster 8: Pathogenesis of acne. Lancet 1:685-687, 
1969 . 

3. Strauss JS, Pochi PE: The quantitative gravimetric determination 
of sebum production. J Invest Dermatol 36:293- 298, 1961 

4. Downing DT, Stranieri AM, Strauss JS: The effect of accumulated 
lipids on measurements of sebum secretion in human skin. J 
Invest Dermatol 79:226- 228, 1982 



Nov. 1985 AGE-RELATED CHANGES IN WAX ESTER SECRETION 485 

5. Stewart ME, Benoit AM, Stranieri AM, Rapini RP, Strauss JS: 
Effect of oral 13-cis- retinoic acid at t hree dose levels on sustain 
able ra tes of sebum secretion and on acne. J Am A cad Dermatol 
8:532-538, 1983 

6. Stewart ME, Downing DT: Measurement of sebum secretion rates 
in young children. J Invest Dermatol 84:59-61, 1985 

7 . Downing DT: P hotodensitometry in t he thin -layer chromato-

graphic analysis of neutral lipids. J Chromatogr 38:91- 99 , 1968 
8. Downing DT, Stranieri AM: Correction for deviation from the 

Lambert-Beer law in t he quant itation of t hin-layer chromato
grams by photodensitometry. J Chromatogr 192:208-211, 1980 

9. Strauss JS , Pochi PE: T he human sebaceous gland: its regulation 
by steroidal hormones and its use as an end organ for assayi ng 
androgenicity in uiuo. Recent Progr Horm Res 19:385- 444, 1963 




