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Summary. The effect of high-dose cyproterone acetate- 
ethinyl estradiol treatment on rates of sebum secretion 
and on the proportions of linoleie acid (18:2A9,12) and 
sebaleic acid (18:2A5,8) in the skin surface lipids of 
three female ache patients was examined. Changes in 
rates of sebum secretion were evaluated indirectly by 
measuring the ratio of wax esters/(cholesterol 
+ cholesterol esters) in the subjects' skin surface lipid. 

In two of the subjects, this ratio indicated a reduction 
of sebum secretion rates to the childhood range. 
Concomitantly, there was an increase in linoleic acid 
and a decrease in sebaleic acid in all lipid classes. In the 
third subject, in whom there was only a small reduction 
in sebum secretion rate, the proportion of linoleic acid 
in the cholesterol esters more than doubled, but the 
changes in the other lipid classes were small or 
nonexistent. The results indicate that the proportions of 
lino|eic acid and sebaleie acid in sebum are influenced 
by sebum secretion rates. 
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Introduction 

There is considerable evidence that elevated rates of 
sebum secretion are involved in the pathogenesis of 
acne. It is known, for example, that average rates of 
sebum secretion are higher in individuals with acne 
than in normal controls [3, 15], and that drugs which 
lower sebum secretion rates can alleviate acne 
[7, 9, 22]. It is not known, however, by what mecha- 
nism high sebum secretion rates might cause acne. A 
popular but little-explored hypothesis is that changes 
in sebum secretion rate may cause changes in sebum 
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composition that result in an acnegenic type of sebum 
[2]. 

The possibility that the fatty acid composition of 
sebum might change with changes in sebum secretion 
rates was first suggested by Rothman et al. [16] to 
explain spontaneous cures of tinea capitis during the 
transition from childhood to puberty, a period when 
sebum secretion rates increase many-fold. More re- 
cently, Sansone-Bazzano et al. [17] found that there is 
an increase in 14- and 15-carbon fatty acids and a 
decrease in 18-carbon fatty acids in the surface lipids 
of children, starting at about age 9years. Some of 
these changes may reflect changes in the ratio of 
sebaceous to epidermal lipids on the skin surface. 
Stewart et at. [2t1 found that human fetal sebum pro- 
duction could be correlated with the proportions of 
oleic acid and other A9-monounsaturated fatty acids 
in vernix caseosa wax esters, a purely sebaceous lipid 
class. Specifically, with increased fetal sebum produc- 
tion, the A9-type fatty acids decreased in proportion, 
apparently being diluted by increased amounts of fatty 
acids having the characteristically sebaceous A6 pat- 
tern of unsaturation. It has also been found that 
certain branched-chain fatty acids, particularly the 15- 
and 17-carbon isobranched species, occur in higher 
proportions in the sebum of young children than in 
adult sebum [20]. 

None of  these reported effects of  sebum secretion 
rate on sebum fatty acid composition have been 
implicated in acne. However, the possibility that a 
deficiency of linoleic acid (I 8:2A9,12) in sebum may 
be involved in acne was suggested by Morello et al. 
[13], who found that the skin surface lipid of in- 
dividuals with ache contained a lower proportion of 
linoleic acid than was found in the skin surface lipid 
of subjects without acne. Their report followed an 
earlier paper by Kellum and Strangfeld [10], which 
stated that the sebum of ache patients contained 
elevated levels of an unsaturated fatty acid that later 
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was shown to  be sebaleic acid (18:2A5,8) [12], a 
uniquely  sebaceous fat ty acid no t  found  in o ther  
tissues [14]. Together,  these two observat ions  suggest 
that  sebaceous glands m a y  synthesize sebaleic acid as 
a substitute for  linoleic acid when the latter is no t  
available in adequate  amoun t s  for  the quant i ty  o f  
sebum being made.  Such a process might  be ana logous  
to the synthesis by internal  tissues o f  unusual  unsatu-  
ra ted fat ty acids in response to essential fat ty acid 
deficiency. 

In  the present  study, the effect o f  a d rug- induced  
lowering o f  sebum secretion rates on the p ropor t ions  
o f  linoleic and sebaleic acids in adul t  sebum was 
examined.  The  drug  was cypro te rone  acetate in 
combina t ion  with ethinyl estratiol. Cypro te rone  ace- 
tate is a powerful  an t iandrogen,  which has been shown 
to lower sebum secretion in bo th  humans  and  rodents  

[1,6]. 

Subjects and methods 

Subjects and collection of lipid 

The subjects were three female ache patients, who were being 
treated at the Leeds General Infirmary. Informed consent was 
obtained for all procedures. The subjects received cyproterone 
acetate-ethinyl estradiol according to the "reversed sequential" 
regimen of Hammerstein et al. [9], i.e., 100 mg cyproterone ace- 
tate from day 5 until day 14 of the menstrual cycle and 50 pg 
ethinyl estradiol from day 5 until day 25 of the cycle. Skin surface 
lipid samples were obtained before treatment and after 2 months 
of treatment by pouring about 400 ml ethanol through the 
patient's hair as she leaned over a basin. The ethanol was then 
removed under reduced pressure. 

Analytical thin-layer chromatography ( TLC) 

For analysis of lipid class composition, the scalp lipid samples 
were dissolved in chloroform at a concentration of 50 mg/ml 
and I Ixl of each was applied to 20 x 20 cm TLC plates coated 
with a 0.25-mm layer of silica gel G, which was scored into 
6-ram-wide lanes. The plates were developed with hexane to the 
top, then toluene to the top, and then twice to I0 cm with 
hexane/ether/acid (70:30:1). The developed chromatograms 
were charred by spraying with 50% aqueous sulfuric acid and 
then heating slowly to 220~ on a hot plate. The spots were 
quantified using photodensitometry [4] and the percentage of 
each lipid class was calculated using appropriate correction 
factors for carbon content. 

Separation of lipid classes 

An aliquot of each scalp lipid sample (50 rag) was applied as a 
streak to a TLC plate coated with a I-ram-thick layer of silica 
gel G, and the chromatogram was then developed in the same 
sequence of solvents as was used for the analytical chro- 
matograms. The developed chromatograms were sprayed with 
a solution of 8-hydroxy-l,3,6-pyrenetrisulfonic acid trisodium 
salt (100rag/1 ethanol) and inspected under UV light to 
determine the positions of the various lipid bands. Bands 
containing free fatty acids, triglycerides, and a mixture of wax 
esters and cholesterol esters were scraped from the plate and 

eluted from the silica gel with ether. The wax esters were 
separated from the cholesterol esters by chromatography on a 
column of Mg(OH)2, using high-pressure liquid chromatog- 
raphy equipment and 2% ethyl acetate in hexane as the eluting 
solvent [18]. 

Preparation of fatty acid methyl esters (FAME) 

The triglyceride, wax ester, and cholesterol ester fractions were 
each dissolved in 0.5 ml benzene and saponified by adding 1.0 ml 
of 0.5 M KOH in 95% methanol and heating to 70~ in a tightly 
capped tube for 3 h. Methylation was then performed by adding 
2 ml BC13-methanol to each fraction and heating for a further 
30 rain at 70~ The original free fatty acid fraction, dissolved 
in 0.5 mi benzene, was similarly methylated with BCl3-methanol. 
Water was added to the methylation mixtures and the lipids 
extracted into chloroform. The FAME were isolated from each 
mixture by preparative TLC on plates coated with silica gel G 
and developed in hexane/ether/acetic acid (70: 30:1). 

In some cases a portion of the FAME was fractionated 
according to the number of double bonds by chromatography 
on plates coated with a 0.5-ram layer of silica gel H containing 
10% AgNO3. After two developments to the top with toluene, 
the bands were visualized by spraying with T,7'-dichloro- 
fluorescein and viewing under UV light. Bands containing 
FAME with 0, 1, 2, and 3 or more double bonds were recovered 
from the plates, and the fractions were eluted with ether. 

Gas chromatography 

Gas chromatography was carried out on a 50-m fused quartz 
capillary column, 0.2 mm ID, wall-coated with OVI01 methyl 
silicone (Scientific Glass Engineering, Austin, TX, USA), in- 
stalled in a Varian 3700 gas chromatograph. The chroma- 
tographic conditions, solvent-free injection, and calculation of 
equivalent chain lengths (ECLs) from retention times were as 
described by Green et at. [8]. 

An experiment was done to determine whether it would be 
possible to measure the percentages oflinoleate and sebaleate in 
the very complex mixtures of FAME derived from human sebum 
without first fractionating according to number of double bonds. 
For this, a pooled sample of skin surface lipid from several adult 
subjects was saponified, methylated, and the FAME isolated. 
Part of the sample of FAME was separated into fractions with 
0, 1, 2 and 3 or more double bonds. The unfractionated FAME 
and each of the fractions were then subjected to capillary gas 
chromatography. 

Results 

Measurement of  the percentage 
of  linoleate and sebaleate 

Figure  1 shows the por t ions  o f  the gas c h r o m a t o g r a m s  
where the 18-carbon d iunsa tura ted  F A M E  and  other  
F A M E  with similar retent ion times emerge. The 
smaller and later o f  the two diunsa tura ted  peaks 
(ECL = 17.55) was shown to be methyl  linoleate by 
c o - c h r o m a t o g r a p h y  with authent ic  methyl  linoleate. 
The larger peak  (ECL = 17.45) mus t  then represent 
methyl  sebaleate, since it has been shown tha t  sebateic 
and  linoleic acids are the two ma jo r  18-carbon 
d iunsa tura ted  fat ty acids o f  sebum [14]. The  m o n o u n -  
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Fig. L Quartz capillary gas chromatograms of fatty acid methyl 
esters (FAME) from human sebum. The portions of the 
chromatograms containing the 18-carbon diunsaturated FAME 
and other FAME with similar retention times are shown. The 
upper tracing shows the composition of the FAME before 
fractionation by number of double bonds on silica gel 
H-AgNQ, while the remaining tracings show the fractions re- 
covered from silica gel I-I-AgNO~ thin-Iayer chromatography 
(TLC) plates 
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Fig. 2. Ratios of wax esters/(cholesterol + cholesterol esters) in 
skin surface lipids (left) and percentages of 18-carbon 
diunsaturated fatty acids in various skin-surface lipid classes 
(right). The cross-hatched portions of the bars represent linoleate 
and the open portions represent sebaleate. CE, cholesterol esters; 
WE, wax esters; TG, triglycerides; FA, free fatty acids 

saturated fraction of  the FAME contained no peaks 
with retention times similar to methyl linoleate or 
methyl sebaleate. The saturated fraction and the frac- 
tion containing F A M E  with three or more bonds did 
contain small peaks near the position of methyl 
linoleate, but these amounted to only about 0.1% of 
the total FAME. 

Even in samples obtained during drug treatment, 
there appeared to be no significant contribution to 
the diunsaturated peaks by components with other 
degrees of unsaturation. This was shown by isolating 
diunsaturated FAME from two samples that had quite 
different percentages of linoleate (the pretreatment 
and on-treatment triglycerides of subject no. 1) and 
subjecting them to gas chromatography. In both 
samples the ratio of the area of the peak with ECL = 
17.45 to the area of  the peak with ECL = 17.55 was 
the same in the diunsaturated fraction as in the 
unfractionated FAME. Based on these analyses, it was 
concluded that methyl linoleate and methyl sebaleate 

can be measured reliably in unfractionated FAME by 
the quartz capillary gas chromatography method. 

Suppression of sebum secretion 
by cyproterone aeetate-ethinyl estradiol 

The relative changes in sebum secretion in the three 
subjects are indicated by the changes in the ratios of 
wax esters/(cholesterol + cholesterol esters), as shown 
on the left side of Fig. 2. In young children, ratios 
of wax esters/(cholesterol + cholesterol esters) of less 
than 5 are directly proportional to sustainable rates 
of sebaceous wax ester secretion [19]. In these adult 
subjects before treatment, the ratio of wax esters/ 
(cholesterol + cholesterol esters) is probably only a 
qualitative measure of the changes in wax ester (and 
therefore sebum) secretion. However, the fact that the 
ratios dropped to the child-la0od range during treat- 
merit is indicative of  a rather large drop in sebum 
production. 
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Changes in linoleate and sebaleate 
in various lipid classes 

In all three subjects, the proportions of linoleate in- 
creased in all lipid classes during treatment (Fig. 2, 
right side). In the wax ester and free fatty acid classes, 
the increased linoleate was balanced almost exactly by 
decreased sebaleate so that the total 18: 2 was virtually 
unchanged, but in the cholesterol esters and 
triglycerides the total 18:2 increased. Subject no. 3, 
who apparently experienced a smaller drop in sebum 
secretion than the other two subjects, showed only 
small changes in composition except in the cholesterol 
esters, which more than doubled in the proportion of 
linoleate. In both subjects no. 1 and no. 2, the 
decreased sebum secretion rate was accompanied by 
a decreased proportion of sebaleate in all four lipid 
fractions. 

Distribution of  linoleate and sebaleate 
among various lipid classes 

The lipid classes shown in Fig. 2 varied in their content 
of linoleate and sebaleate, but the pattern of  distribu- 
tion was similar in all three subjects. Wax esters, for 
example, consistently had the lowest proportion of 
linoleate. Also, the lowest proportions of  sebaleate 
were found in the cholesterol esters in all the subjects. 

epidermal lipid would be expected to make a very 
small contribution to skin surface lipid in acne 
patients, at least in the pretreatment samples. It seems 
more likely that nonrandom incorporation of fatty 
acids into various lipids occurs during sebum syn- 
thesis. This might occur because of  enzyme specificity, 
or because the various lipid classes are synthesized in 
different cellular compartments or at different stages 
in the life of the sebaceous cell. 

Downing et al. [5] have proposed mechanisms to 
explain how high sebum secretion rates could cause a 
deficiency of linoleic acid in sebum and how such a 
deficiency could, in turn, affect the susceptibility of  
the skin to acne. Briefly, they suggest that each 
sebaceous cell begins life with a fixed supply of 
linoleic acid and that this supply is diluted by 
sebaceous fatty acids, including sebaleic acid, during 
cell differentiation. The extent of the dilution depends 
on the amount  of sebum synthesized per cell. It was 
further proposed that when linoleic acid-deficient 
sebum is excreted and passes through the follicle, it 
may impose a state of  essential fatty acid deficiency 
on the follicular epithelium, which could cause the 
hyperkeratinization and follicular blockage seen in 
ache [11]. 
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Discussion 

The results of  the present study support the hypothesis 
that rates of  sebum secretion influence the proportions 
of  linoleic and sebaleic acids in sebum. When sebum 
secretion was suppressed by drug treatment, the pro- 
portions of linoleic acid were increased and the pro- 
portions of  sebaleic acid were decreased in the sub- 
jects' skin surface lipids. These compositional changes 
occurred in all skin surface lipid classes. It is possible 
that in the cholesterol ester, triglyceride, and free fatty 
acids classes the changes may be partly the result of 
there being a smaller amount  of sebum mixed with an 
unchanged amount  of epidermal lipid during drug 
treatment. However, the changes in the wax esters 
must reflect the composition of sebum itself since wax 
esters are derived solely from the sebaceous glands 
and are not subject to bacterial hydrolysis or re- 
esterification after secretion. 

The nonrandom distribution of linoleate and 
sebaleate among skin surface lipid classes does not 
have an obvious explanation. An epidermal origin 
for some of the linoleate in the cholesterol esters, 
triglycerides, and free fatty acids could perhaps 
account for some of the increased linoleate in these 
lipid classes when compared with wax esters. However, 
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