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SUMMARY:  When n-alkanes have been found in mammalian tissues, they have been
considered to be solely of exogenous origin, and have not been assigned any

normal or pathological function. We have observed n-alkanes regularly in normal
stratum corneum (5.5 + 0.2% total 1ipid), and found striking accumulations

(> 25% total 1ipid) in some scaling diseases. Although the origin of these

n-alkanes is not known, evidence is presented that they do not arise from external
contaminants, medications, sebaceous glands, and spontaneous or bacterial degradation
The presence of Targe quantities of n-alkanes in human stratum corneum suggests

that they may play a role in normal human epidermal function and in the patho-
physiology of some epidermal diseases.

In mammalian stratum corneum, 1ipids are segregated predominantly in the
intercellular spaces where they_ form broad laminated sheets, accounting for
5-10% of the weight and 10-15% of the volume of this tissue (1). Composed
predominantly of neutral lipids and ceramides (2,3), stratum corneum 1ipids play
a central role in the maintenance of the barrier to transcutaneous water Toss (2),
and possibly in the control of both normal and pathological stratum corneum
desquamation (4-7). Although hydrocarbons are found in small quantities in
virtually all mammalian tissue (8), biosynthetic pathways for n-alkanes are not
known to exist in mammals. When they have been encountered in mammalian skin
surface 1lipids, they have been considered to arise from exogenous sources (9-11).
During our studies on the role of lipids in human disorders of keratinization,
we found unexpectedly large quantitites of n-alkanes in the scale of all
patients with Tamellar ichthyosis, a recessively inherited scaling skin
disorder, in some patients with other disorders of cornification, and lesser,

but significant, levels in normals.

METHODS: Scale was collected from skin sites, left untreated with topical
medications for a minimum of 4 weeks, from patients with: lamellar ichthyosis
{n=10), epidermolytic hyperkeratosis (n=5), and psoriasis (n=4). Normal control

0006-291X/82/130322-07%$01.00/0
Copyright © 1982 by Academic Press, Inc.
All rights of reproduction in any form reserved. 322



Vol. 107, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

22
25 26
23 24
Lamellar
27 i
28 Ichthyosis
21
29
30
20
N
19 32
33
34
wa\l*\h NI

Figure: Gas-liquid chromatograph of n-alkane fraction of lipids extracted
from scale from a patient with lamellar ichthyosis. Note the
bell-shaped distribution from €19 to C34 with equal contribution
by both odd and even chain Tengths. The identical pattern, but
with lesser quantities, is seen in normal n-alkanes.

scale was obtained post-sunburn {(n=4) and following orthopedic cast removal
(n=2). In addition, erythrocyte ghosts and/or serum were cbtained from two
normals and from four patients with lamellar ichthyosis. Details of our methods
for 1ipid extraction and quantitative thin layer chromatography (TLC) have been
reported previously (3). To avoid hydrocarbon contamination during preparative
procedures we used only spectral grade reagents, pre-rinsed all glassware with
chloroform:methanol (1:1), and periodically monitored the system by running
solvent blanks in parallel with Tipid samples through the entire sequence of
extraction and chromatography. Commercial high-performance TLC plates (Merck,
Darmstadt) were precleaned with chloroform:methanol:water:glacial acetic acid
(60:35:4.5:0.5, vols). Fractionation of stratum corneum lipids in petroleum
ether:diethyl ether:glacial acetic acid (80:20:1, vols) by one dimensional TLC
results in a single band migrating just behind the solvent front that contains
both sterol and wax esters, n-alkanes, and squalene. These fractions were
separated further by TLC in petroleum ether alone in in which sterol and wax
esters remain at the origin, and squalene and n-alkanes form distinct bands.
The chain lengths of the hydrocarbons were determined by glass capillary-gas
liquid chromatography (GLC), and their identities established both by co-
chromatography against known standards and by glass capillary GLC-mass
spectrometry.

RESULTS AND DISCUSSION: The total lipid content of pathologic and normal scale

did not differ (Table I). In both normal and pathological scale lipids, n-alkanes
displayed a bell-shaped distribution of both odd-and even-chained material from
€19 to C33 {Figure)}. Whereas n-alkanes represented 5.5 + 0.2% of the total

lipid in normals, in pathological scale this fraction represented as much as 35%
of the total 1ipid. Although the most consistently observed increase in n-aikanes
occurred in scale from lamellar ichthyosis (24.9 + 0.7%, p<0.001), some patients
with the other hyperproliferative scaling disorders also exhibited increased

n-alkanes (Table I). Pathological scale samples that were high in n-alkanes
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TABLE I: TOTAL LIPIDS AND N-ALKANES IN NORMAL AND
PATHOLOGICAL QUTER STRATUM CORNEUM

Condition % Total Lipid* % n-Alkanes of Total o
(Mean *-SEM) Lipid {Mean * SEM) P

Normal 10.5 + 1.4 5.5 + 0.2 -

(n=6)

Lamellar ichthyosis 10.7 + 0.6 24.9 + 0.7 < 0.001

(n=10)

Epidermolytic hyperkeratosis 11.0 + 0.9 20.3 + 8.0 > 0.05

(n=5)

Psoriasis 10.1 + 0.9 7.8 + 4.5 > 0.1

(n=4)

*
Lipid weight recovery/dry weight of scale.

**Two—tailed Student's test.

exhibited decreased triglyceride content (Table II), suggesting that esterified
fatty acids may be precursors for scale n-alkanes . Other epidermal 1lipid
fractions were unchanged. Despite the high levels of n-alkanes found in the
scale of lamellar ichthyosis, the quantities found in serum and erythrocyte
membrane preparations of these patients did not differ from normal (data not
presented). This indicates that the increased n-alkane content of pathological

epidermis does not only reflect circulating levels.

In view of the widespread occurrence of hydrocarbons in the environment,
several additional experiments were performed to exclude spurious sources of
these n-alkanes: 1) Laboratory blanks yielded quantities of n-alkanes that were
too minute to account for the recovered weights. Moreover, they displayed
qualitative differences from stratum corneum n-alkanes on gas liquid chromatography,
with a predominance of shorter chain lengths and prominent peaks at C22 and/or
C35:6; 2). As an additional check on laboratory-introduced hydrocarbons, we
extracted a small quantity (25 mg) and a larger quantity (120 mg) of scale from
one patient in parallel using identical quantities of solvents and glassware.
Exogenously introduced hydrocarbons would have resulted in greater lipid weight
recovery (mg 1ipid/mg scale) and a higher proportion of n-alkanes (% total
lipid) from the smaller sample. However, the two samples demonstrated virtually

jdentical total lipid and n-alkane content. 3) To consider the possible contributior
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TABLE II: WEIGHT DISTRIBUTION OF MAJOR LIPID SPECIES
IN NORMAL VS PATHOLOGICAL SCALE IN HIGH
IN N-ALKANES*

FRACTION NORMAL PATHOLOGICAL SIGNIFICANCE
) Tn=6) (n=15)

n-Alkanes 5.4 +0.8 26.0 + 1.9 p<0.001
“ree Fatty Acids 15.0 + 1.2 8.5 + 1.3 N.S.
Triglycerides 11.6 + 1.1 7.5 + 0.8 p<0.05

“ree Sterols 15.4 + 1.0 15.7 + 1.4 N.S.

sterol Esters 4.7 + 0.6 4.8 + 0.9 N.S.

Wax Esters 8.3+ 1.6 4.1+ 2.5" N.S.
Sphingolipids 25.5 + 1.0 23.2 + 1.3 N.S.

*Expressed as % total lipid; two-tailed Student's test
*(n=7)

of topical medications to skin 1ipids, we analyzed four commonly used emolilient-
vehicles (Euceri£® cream, petrolatum, anhydrous lanolin, and H-E-ég)ointment).

Two of these, Eucerir(® and petrolatum, contained large quantities of n-alkanes

of virtually the same chain lengths and bell-shaped distribution as that found

in skin Tipids. VYet, the present finding of increased n-alkanes in pathological
scale probably cannot be explained by retention of n-alkanes derived from

topical medications, since our patients were carefully instructed to discontinue
all topical medications and emollients for at least four weeks prior to scale
collection. This precaution should have been more than adequate since the time
for epidermal transit in normal human skin is 12 to 14 days, and is accelerated

to 4 to 5 days in lamellar ichthyosis {12). 4) To exclude surreptitious use of
emollients containing n-alkanes, we compared the 1ipid content of scale from
untreated sites vs. sites deliberately treated with emollients twice daily for

one month. Emoliient use could be readily identified by the two-fold increase

in lipid content of stratum corneum (lipid weight percent:18.0 + 0.5 mg% emollient
treated (n=7) vs. 11.4 + 1.1 mg% untreated (n=3)(p <0.001). Since the lipid
weight percent of pathological scale that is high in n-alkanes did not exceed
normal in this study, exogenous medications are unlikely to be the source.

Furthermore, if n-alkanes are endogenous, then the application of an emolient
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TABLE ITI: LIPID CONTENT OF LAMELLAR ICHTHYOSIS
SCALE UNDER DIFFERENT CONDITIONS OF TREATMENT

CONTROL EUCERlﬁ:)* LANOLIN®
% Total Lipid 9.5% 17.7% 17.0%
(mg 1ipid/mg dry scale)
% change -- +86. 3% +78.9%
% n-alkanes of 20.2 41.1% 6.7%
total 1ipid
% change -- +103.5% -66.8%

containing solely n-alkanes (Eucerin®) to one site and one containing all human
skin 1ipids except n-alkanes (lanolin) to another site should increase the
relative content of n-alkanes in the first instance and reduce, but not abolish
them in the second instance. The results in Table III confirm this prediction.
5) Furthermore, bacterial or spontaneous degradation of scale lipids during the
period of time between scale coliection and 1lipid extraction was excluded as an
exogenous source, because the n-alkane contents of 1ipids obtained from aliquots
of the same scale sample frozen in liquid nitrogen immediately against portions
allowed to incubate at either room temperature or at 37°C in 100% humidity for
several days prior to extraction did not differ. Moreover, treatment with an
antibacterial soap, Betadiné® resulted in a slight overall decrease in lipid
content (weight % 1ipid:7.8% Betadiné® vs. 9.5% control), with a relative increase
in n-alkanes probably (n-alkanes:30.5% Betadinéﬁ)vs. 20.2% control) due to
extraction of more soluble stratum corneum lipids (Betadiné® itself does not

®

contain n-alkanes). The failure to diminish n-alkanes with Betadine® treatment
provides further evidence against a bacterial sources for n-alkanes in the
pathological scale.

n-Alkanes are ubiquitous in nature and are distributed widely throughout
mammalian tissues (8). Although previously believed to be neither synthesized
nor catabolized by mammals, it is now clear that hydrocarbons, including n-alkanes,
can be catabolized to some extent via the cytochrome p-450 system (8,13).
Moreover, some preliminary evidence exists for mammalian synthesis of n-alkanes

(14).
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Prior work on skin n-alkanes has been restricted to analysis of skin surface
1ipids that derive predominantly from sebaceous glands. In these studies,
n-alkanes comprised less than 2% of the total 1ipid, but possessed a similar
chromatographic profile to scale n-alkanes (3,15). The possibility that scale
n-alkanes are predominantly of sebaceous gland origin was excluded by lipid
analysis of lamellar ichthyosis scale in circumstances where the sebaceous gland
contribution should be negligible: 1) preschool children; 2) patients undergoing
treatment with 13-cis retinoic acid, a drug that involutes sebaceous glands
(16); and 3) plantar surfaces devoid of sebaceous glands. The mean n-alkane
content of scale in these instances was 26.3%, 31.1%, and 18.7% of the total
lipid, respectively. Further evidence for endogenous origin comes from two
sources: first, we have recently found significant quantities of n-alkanes
throughout the epidermis in normal human skin (17); and second, the inverse
relationship between n-alkanes and triglycerides in pathological scale (Table
11) suggests a metabolic interrelationship for these substances.

The observation of n-alkanes in normal and pathological human scale has
important implications. First, as normal epidermal constituents, n-alkanes may
play a functional role in stratum corneum. This possibility is intriguing in
view of the established role for hydrocarbons in plant and insect cuticular
barrier function (18,19). Second, n-alkanes have not been previously associated
with human disease. The regular occurrence of increased n-alkanes in lamellar
ichthyosis stratum corneum, may provide both an important clue into the underlying
metabclic defect in this disorder, as well as into the role of lipids in modulating
normal and abnormal desquamation, in general. One possible link between the
elevated n-alkanes and the rapid epidermal turnover in lamellar ichthyosis
(12), is the known capacity for these substances to induce hyper-proliferation

after topical application (19).

ACKNOWLEDGEMENTS: We wish to thank Dr. A.L. Burlingame and Ms. E. Roitman for

guidance and performance of GLC-mass spectrometry. This work has been supported
by a NIRA #AM 29906 and V.A. Research Associate Award to Mary L. Williams, as

well as NIH grant #AM 19098 and the Medical Research Service, Veterans Administration

327



W N =

(SR =

—_—

12.
13.
14.
16.
17.
18.
20.

= O WO~

Vol. 107, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

REFERENCES

Elias, P.M. and Friend, D.S. (1975) J. Cell Biol. 65,180-191.

Gray, G.M. and Yardley, H.J. (1975) J. Lipid Res. 16,435-440.

Elias, P.M., Brown, B.E., Fritsch, P.0., Goerke, R.J., Gray, G.M., and

White, R.J. (1979) J, Invest. Derm. 73,339-348.

Elias, P.M. (7981) Int. J. Derm. 20,1-19.

Chanarin, I., Patel, A., Slavin, G., Wills, E., Andrews, M., Stewart, G.

{1975) Br. Med. J. 1,553-555.

Shapiro, L.J., Weiss, R., Webster, D., France, J.T. (1978) Lancet 1,70-72.
Williams, M.L., and Elias, P.M. (1981) J. Clin. Invest. 68,1404-1410.

Lester, D.E. (1979) Prog. Fd. Ntr. Sci. 3,1-66.

Nicolaides, N., Reiss, 0.K., Langdon, R.G. (1955)J. Am. Chem. Soc. 77,1535-1538.
Lewis, C.A., Hayword, B.J., MacKenna, R.M.B. (1965) Br. J. Chem. 77,303-307.
Downing, D.T. (1976) Chemistry and Biochemistry of Natural Waxes, p 17-48,

P.E. Kolattukudy, Ed., Elsevier, Amsterdam.

Frost, P., Weinstein, G.D., Van Scott, E.J. (1966) J. Invest. Derm. 47,561-567.
Coon, M.J., Strobel, H.W., Autor, A.D., Heidema, J., Duppel, W. (1972)
Biological Hydroxylation Mechanisms, p. 45-54, G.S. Boyd and R.M.S. Smellie,

Eds., Academic Press, London and New York.

Cassagne, C. and Darriet, D. (1977) Febs. Lett. 82,51-54.

Haati, E. (1961) Scand. J. Clin. Lab. Invest. 13 Suppl. 59,1-108.
Strauss, J.S., Stranieri, A.M., Farrell, L.N., Downing, D.T. (1980) J.
Invest. Dermatol. 74,66.

Lampe, M.A., Williams, M.L., and ETias, P.M. (1982) Submitted to J. Lipid
Research.

Kolattukudy, P.E. (1970) Lipids 5,259-275.

Hadley, N.F. (1981) Biol. Rev. 56,23-47.

Horkstra, W.G., Phillips, P.H. (1962) J. Invest Dermatol. 40,79-88.

328



