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Skin Lipids. IIL Fatty Chains in Skin Lipids. The Use of

Vernmix Caseosa to Differentiate

Between Endogcnous and

Exogenous Components in Human Skin Surface Lipid

N. NICOLAIDES and THOMAS RAY, Department of Biochemistry and the Division of Dermatology,

University of Oregon Medical School, Portland, Oregon

Abstract

The literature on the types of fatty chaing
that occur in skin lipids is reviewed and new
data are presented.

To ascertain whether certain unusual fatty
acids found in human skin surface lipids are
truly products of the human skin or are due
to some type of external contamination (possibly
bacterial), the fatty acids of verniz caseosa, (the
lipoidal material covering the human fetus) were
analyzed and compared to those found in human
skin surface lipid. The same unusual fatty acids
were found in werniz caseosq. This iIndicates
that these acids are products of human skin.

These acids consist of five cldsses of saturated
branched chain acids and of three classes of
monoenes: straight chain, iso and enfeiso. All
the monoenes are A% or derivable from this posi-

tion by addition of an integral number of 2 car-
bon units to the carboxyl group. On the polar
phase diethylene glyeol succinate polyester, the
saturated branched chain methyl esters have frac-
tional earbon numbers (by gas chromatography)
of 0.15, 0.23, 0.45, 0.63 and 0.75. The series at
0.63 and 0.75 are iso and anteiso, respectively.
The series at 0.15 and 0.23 appear to be two
newly identified classes of branched chain fatty
aecids.

I. Types of Fatty Chains that Occur in Skin Lipids

The unusnal nature of the fatty acids present in
the skin surface lipids first shown by A. W. Weitkamp
in two classic investigations (1,2). In the first (1),
he determined the structures of 32 fatty acids that
oceur in degras, a refined wool grease. He distin-
guished four homologous series by means of a variety
of techniques, especially two novel ones that he de-
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veloped, namely, amplified distillation (3) and loca-
tion of the position of methyl branching on a fatty
chain from the melting behavior of binary mixtures
(1). The series were 1) normal acids from Cyg to Cog
(9 members with an even number of carbon atoms),
2) optically active a-hydroxy fatty acids {2 members:
Cy4 and Cyg), 3) 50 aeids, i.e. acids with the terminal

CH,

I
CH;—~CH—CH,- - - group, Cqy to Cz¢ (10 members

with an even number of carbon atoms) and 4) dex-
tro rotary anteiso acids, i.e. acids with the terminal

CH,
CHg"“CHg_‘OI‘I—CHg-—- group, Cg to 0‘27 and 031

(11 members with an odd number of carbon atoms).

At a time when it was generally thought that only
normal fatty acids with an even number of earbon
atoms occurred in biological material, Weitkamp et
al. (2) in another classic paper showed that normal
fatty acids with an odd number of carbon atoms are
present in appreciable quantities in the unesterified
(or free) fatty acids of human hair lipid. The posi-
tion of the double bond in some of the monocenoie
acids was also shown to be between the 6th and 7th
carbon atoms from the carboxyl end of the molecule,
quite contrary to the usual occurrence between the
9th and 10th carbon atoms of the double bond for
most biological monoenoie acids.

Subsequent studies have revealed additional fatty
chain structures in skin lipid samples, especially in
wool wax. Murray and Schoenfeld (4), for example,
isolated and characterized 10 branched chain aleohols
in the 4s0 and anteiso series. Alkane-1,2-diols of the
normal and iso series were also found (5,6) and stud-
ied later by gas-liquid chromatography (7). Their
oceurrence has also been reported in rodent skin sur-
face lipid (8,9) and possibly in human surface lipid
(10). o-Hydroxy fatty acids also occur in wool wax
(11, 7). Even naturally occurring hydrocarbons of
the normal, is0 and anfeiso series have been found
(7,12) and the occurrence of pristane (2,6,10,14-tet-
ramethylpentadecane) has been reported (12). Pris-
tane could have been a contaminant from petroleum
products (e.g., East Texas crude oil eontaing ~5%
(18)) for their sample was of commerecial origin.
Unusual branched chain fatty acids oeeur in the
preen gland lipids of the goose (14,15), ie. 2,4,68-
tetramethyldecanoic acid and 24,68-tetramethylun-
decanoic acid,

Studies of these fatty components in the skin lipids
of animals have been made for the guinea pig, rab-
bit, mouse and rat (8), for the rat (9,16), for the
dog (17), and the mouse (18 and the references
therein), and sheep (19).

The structures of the fatty components that occur
in human skin surface lipids have received the most
attention. The fatty alcohols were early shown to
constitute a saturated and an unsaturated series of
odd and even carbon chain length (20). Hougen
(21) later isolated and determined the structures of
12 alecohols. These belonged to three homologous
series, normal Ciy to Cay, saturated 4so Cap to Cay,
and unsaturated ¢so Cgy to Cae. The position of the
double bonds of the unsaturated #so alcohols was 10
carbon atoms from the methyl end in each case.

Later, by means of gas chromatographic retention
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data, James and Wheatley (22) confirmed the pres-
ence of fatty acids with chain lengths of an odd num-
ber of carbon atoms in the surface fat of the human
forearm and presented evidence for the existence of
two types of branched chain fatty acids. Haahti
made an extensive gas chromatographic study of
the fatty acids oceurring in various esters and also
the fatty aleohols of human surface lipid of the back
(23). S8till later, Haahti and Horning (24) reported
gas chromatographic evidence for the presence of four
types of saturated branched chain fatty aeids as
well as mono-unsaturated single branched fatty acids
in human surface lipids of the back. Four types of
branched chain alcohols were detectable as well as
both straight and branched chain mono-unsaturated
aleohols in the region Cig to Cuy. In a recent study
on the composition of the free fatty acids of human
scalp skin surface fat (25), we confirmed the find-
ings of Weitkamp et al. (2) that the main position
of the double bonds of the monoenoic acids is between
the 6th and 7th carbon atoms. We also showed that
the position of the double bond of other monoenoic
acids was derivable from the 6-7 position by the ad-
dition or subtraction of an integral number of two
carbon units to the carboxyl end of the fatty acid
and that this applied to straight as well as fo
branched fatty acid chains.

II. The Use of Vernix Caseosa to Differentiafe
Between Endogenous and Exogenous
Components in Human Skin
Surface Lipid

Since these unusual fatty acids occur on the hu-
man skin surface, they could be derived from exter-
nal sources, especially from resident bacteria. They
could also be derived from the diet and be exereted
through the sebaceous gland. Of course they could
also be synthesized, either in part, i.e. by chain ex-
tension of some branched unit obtained from the diet,
or in toto by some type of skin cell, such as those
of the sebaceous gland or those of the keratinizing
epidermis.

Verniz caseosa, the fatty substance which covers
the skin of the human fetus, consists of desquamated
epithelial cells and sebaceous excreta. This material
would not contain any exogenous lipid components
that might be derived from resident bacteria in adult
human skin. Thus, if one finds lipids that are com-
mon to the human adult skin surface and wverniz
caseosq it is highly unlikely that such components
can be due to bacterial or other types of external
contamination of the skin surface,

The fatty acids of vermiz caseosa have been stud-
ied in two independent investigations (26,27). The
results from these two studies are somewhat at var-
ianee: Downing (26), for example, reported the pres-
ence of about 109% a-hydroxy acids and no fatty acids
suggesting ‘‘multi-branching,’’ whereas Haahti et al.
(27) did not report the presence of o-hydroxy fatty
acids but did report the presence of fatty acids hav-
ing carbon numbers believed to be due to multi-
branching. Neither of these studies reported on the
position of the double bonds in the nnsaturated fatty
acids.

In the present study we have compared the mono-
enoic and the branched chain fatty acids of human
surface lipid with those of verniz caseosa. After eon-
siderable pains were taken to avoid contamination,
5 types of branched chain fatty acids present in hu-
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Fig.-1
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T1g. 1. Thin-layer chromatograms of the saturated non-urea-
adducting methyl esters of the free fatty acids from two samples
of human surface lipid. Sample 1 was from the pooled lipid
from the scalp of an adult male, and sample 2 from hair lipid
from pooled cut hair of adult females. In chromatograms a),
b) and e¢), 300, 100 and 30 ug, respectively, of sample 1 was
applied at the origin and in chromatograms d), e) and £) the
same amounts of sample 2 were applied; g) is 20 ug of
2-hydroxy methyl palmitate and h) is 20 ug methyl palmitate.
The thin-layer plates were spread with silica gel plain eontain-
ing 10% magnesium silicate. The plate was developed with
hexane/diethyl ether 95/5, sprayed with Rhodamine 6G and
photographed under ultraviolet light. Note that only one spot
was obtained for the relatively purer sample 1. For definitive
gas chromatography only the material corresponding to the
migration with methyl palmitate was scraped off preparative
thin layer plates and extracted from the adsorbent. Extraction
of the adsorbent from other areas, both above and below the
main spots failed to yield any material detectable by gas
ehromatography under our conditions of operation,

man surface lipid were also found in vermiz caseosa.
For both samples, the double bond positions of 3
classes of monoenoic fatty acids (straight chain, dso
and aenteiso) are very similar. The double bond is
either AS or derivable from this position by addition
of an integral number of 2 carbon units to the car-
boxyl group. These results indicate that both groups
of fatty acids are products of the human skin and
not derived from bacterial or other type of surface
contamination. Furthermore, they suggest that these
fatty acids are synthesized by the human sebaceous
gland.
Procedures

A sample of verniz casecose from a cauncasian male
was obtained nearly entirely free of blood and stored
in a clean stoppered jar until it eould be worked up
4 hr later (8.860 g wet weight).! Tt was extracted
in 4 batches with 150 ml CHCl;/CH3;0H 2/1 (v/v)
each time and filtered on a medium porosity sintered
glass filter. The fourth batch extract contained a
negligible amount of lipid. The solvent was removed
on a rotary evaporator i vacuo, and a yield of 1.0360
g of lipid was obtained. The residue remaining after
extraction weighed 0.4412 g.

A 485 mg aliguot of lipid was saponified with 9
ml 10% KOH in ethanol/water 9/1 under reflux in
a nitrogen atmosphere for 2 hr. The saponified mix-
ture was diluted with about 15 ml water, the unsa-
ponifiable matter was extracted 4 times with about
15 m! of hexane each time. The pooled hexane wash-
ings were washed twice with water. The fatty acid
fraction was released from the agqueous alcoholic phase
with 6 N HzS04 to a pH of 1, then extracted with

1In the work up of this material serupulous care was taken to avoid
the possible inclusion of minor amounts of extraneous material in the
fatty acid fraction. Thus, all solvents were redistilled, adsorbents washed
until negligible residues were obtained, quantitative separations were
employed, ete.

Vou. 42

4 washes of hexane (15 ml each). The pooled hexane
solution of fatty aeids was extracted twiee with 15
ml 1 ¥ KOH in order to free the acids of a small
amount (8.8 mg) of unsaponifiable matter which still
remained. The fatty acids were released from their
potassium salts with 6 ¥ H,SO4 and taken up again
in hexane. The recoveries after solvent removal were
1694 mg (35% ) unsaponifiables and 276 mg (57%)
fatty acids; unrecovered 8%. The fatty acids were
esterified with BF,; in MeOH (28).

A 249 mg portion of methyl esters was then chro-
matographed on a 10x 2.5 ecm column packed with
42 g silicie acid impregnated with AgNOjz in the
proportion 3/1 (v/v) (Adsorbosil ADN-1, Applied
Science, Inc.), to separate the saturates from the un-
saturates. The chromatographic data obtained are as
follows :

Tube No. Wwt.
(10 ml each) Eluent mg
1-~7 Hexane Trace Discarded (represents the passasge
of 2 column volumes of solvent)
8-34 Hexane 113.7 Saturated methyl esters
35—42 Hexane Trace
43-59 10% benzene
in hexane Trace
80—68 109, benzene
in hexane Trace
69—87 209 benzens
in hexane 75.6 Mainly monoenoic methyl esters
88-102 20 Ybenzene
in hexane 9.9 Appreciable amounts of dienoic
acids (2)
103-117 20% benzene
in hexane 7.6
118-128 509 benzene
in hexane 5.2
129-151 Benzene 11.5

Only the saturated (tubes 8-34) and the main
monoenoic methyl ester fractions (tubes 69-87) were
analyzed by preparative and analytical gas
chromatography.

A portion of the saturated methyl ester fraction
was hydrogenated to insure that no unsaturates were
present. Comparison of the gas chromatograms be-
fore and after hydrogenation revealed the disappear-
ance of a few small peaks which indicated that a
trace of unsaturated material was present.

An enrichment of the branched chain material
present in the saturated fatty acids was accomplished
by urea adduct formation as follows: First a sat-
urated solution of recrystallized urea (Baker’s An-
alyzed Reagent) in methanol was prepared. An ali-
quot of 82.7 mg of the saturated, hydrogenated methy!
esters was dissolved in 1 ml petroleum ether (bp
30-60C) in a glass stoppered tube. Then 2 ml of
the urea-saturated methanol solution was added and
adduct crystals formed immediately. The tube was
stoppered and vigorously shaken. The petroleum ether
layer (containing the branched chain material) was
carefully pipetted off and the adduet crystals and
methanol solution washed two more times with 1 ml
portions of petroleum ether. The solvent was blown
off with nitrogen and 23 mg (28%) of non-urea-
adducting methyl ester was recovered. The urea-ad-
ducted compounds yielded 52.2 mg (63%) of methyl
esters after decomposition of the adduct with water.
Both the urea-adducted and non-urea-adducted
methyl esters yielded straight and branched chain
methyl esters, but most of the branched chain eom-
pounds were concentrated in the nonadducted frae-
tion. The non-urea-adducted methyl ester fraction
was further purified by preparative thin-layer chro-
matography (TLC) and analyzed by gas chromatog-
raphy. By means of column chromatography on
Adsorbosil and the TLC purification any methoxy
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derivative which might coneeivably arise from the
methyl ester preparation (29) should have been
eliminated.

A sample of human sealp surface lipid (6.12 g)
from a young man was obtained from the pooled
yield of scalp soaking every 48 hr (30). The free
acids were removed with a 0.06 N KOH wash (30)
whereupon 2.001 g free fatty acids (33.2%) and
3.920 g neutral fat (65.0%) were recovered. A 970
mg aliquot of the free fatty acids was esterified with
methanol (as above), and an aliquot of 772 mg of
the methyl esters was made up to 25 ml with petrol-
eum ether, then treated 3 times in sueccession with
10 ml of a saturated methanolic urea solution (as
above) to yield 3 batches of urea-adducting material
(224, 197 and 49 mg respectively) and a batch on
non-urea-adducting material (245 mg). By this sue-
cessive extraction of the straight chain material, it
was hoped that monomethyl branched material might
be separated from the more highly branched material
but this procedure did not prove to be practicable.
A 95 mg aliquot of the non-urea-adducting mate-
rial was chromatographed on silicic acid/silver ni-
trate 3/1 as described above and 29 mg saturated
methyl esters was obtained and analyzed by gas
chromatography.

A third sample of saturated, non-urea-adducting
methyl esters was obtained from the nonesterified
fatty acid fraction of a large sample of adult fe-
male hair fat obtained from an earlier study (31).
The fatty acids were stored in a tightly stoppered
flask in a refrigerator. A 7.23 g sample was treated
with 170 ml of a urea saturated methanol solution,
boiled, then cooled first to room temperature then
to 4C where it remained for 1 hr. The crystals were
filtered, washed thoroughly 3 times with petroleum
ether, dried in air then washed again with petroleum
ether. The methanol phase was evaporated to dryness
in a stream of nitrogen and the resulting crystals
were washed 3 times with petroleurm ether. The pooled
petroleum ether washings were dried in a stream of
nitrogen, and yielded 251 g (34.7%) of a non-urea-
adducting fraetion of fatty acid. This material was
then esterified with methanol (as above) and a 238
mg aliquot purified by chromatography on silicic acid
(Mallinckrodt, 100 mesh silicic acid, Analytical Re-
agent Catalog No. 2847). The silicic acid had pre-
viously been washed with 6 N HCL then distilled
water until neutral then dried in a 3-necked flask
at 120C under vacuum and a fine stream of nitrogen.
Column dimensions were 10 em x 2.5 ¢cm. The methyl
esters (148 mg) were eluted with 300 ml 50% ben-
zene in hexane, after 80 ml hexane, 120 ml 10%
benzene in hexane and 240 ml 25% benzene in hexane
were first eluted. These esters were then separated
into a saturated (42.4 mg) fraction and an unsat-
urated (92.4 mg) fraction (as above). The saturated
fatty acid fraction was analyzed after preparative
gas chromatography.

To check the purity of the saturated methyl ester
samples, they were chromatographed by preparative
TLC under conditions described in the legends of
Figs. 1 and 2. Only the material with an Rf of the
standard, methyl palmitate, was collected and gas
chromatographed.

Preparative gas chromatography and reductive ozo-
nolysis were performed as already described (25,33).
Isothermal gas chromatography was performed on a
20-foot stainless steel column 15 in, O0.D. packed with
18% diethylene glycol succinate (DEGS) on silanized
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Fig. 2

F1a. 2. In a), b) and c) are 300, 100 and 30 ug, respectively,
of the saturated non-urea-adducting methyl esters of wvernix
caseosa, and d) and e) the same amounts of the same standards
as in Fig. 1. The preparation of the plate and development of
the chromatogram are also as in Fig. 1. The dark spot in the
lower middle part of the plate is an artifact.

Chromosorb-W 30-60 mesh with helium as the car-
rier gas (flow rate ~30 ml/min). The gas ehromat-
ograph was a Perkin-Elmer Model 800, dual column
instrument equipped with a hydrogen flame ioniza-
tion detector.

Carbon numbers of unknown and standard com-
pounds were obtained by the method of Woodford
and van Ghent (34). Standards used have already
been deseribed (25). The accuracy of the carbon num-
ber determination depended somewhat on the amount
of time it took for a peak to emerge from the col-
umn., Maximum accuracy was achieved from 5 to
15 minutes, consequently, column temperature was
controlled so that the peaks were eluted in this time
interval. In many cases internal standards were
added to the samples especially to those collected
from preparative gas chromatography. Internal stan-
dards could be selected to emerge both before and
after the unknown peak so as to increase substantially
the accuracy of the carbon number value determina-
tion. These values, reported in Table I, are generally
the average of at least three determinations. A con-
servative estimate of the accuracy is =0.05 of a car-
bon number unit.

Results and Discussion

The fractional carbon numbers for the saturated
chain lengths of the non-urea-adducting material,
purified as described above, are grouped in Table
I. The samples were derived from: a) the free fatty
acids of sealp surface lipid from a man; b} the free
fatty acids from a pooled sample of hair lipid ob-
tained from women ; and e) the total fatty acids from
vernix caseose. The values for the two surface lipid
samples show excellent agreement with those of verniz
cascosa. These esters had the same migration on TLC
(see Figs. 1 and 2) as did methyl palmitate so it is
unlikely that there are additional oxygenated func-
tional groups on the fatty chain. Therefore, there
must be 5 series of branched chain fatty acids pres-
ent in human surface lipid and in lipids of verniz
caseosa. The average fractional carbon numbers of
the methyl esters of these groups of branched chain
fatty acids on liquid phase diethylene glycol succinate
{DEGS), are, respectively, 0.15, 0.23, 0.45, 0.63 and
0.75.

If branched chain components are not coneentrated
by urea adduct formation, then large peaks of straight
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chain material could mask not only peaks of frae-
tional carbon numbers of 0.15 but even those at 0.23.

Three of these series show members that differ
from each other by 2 carbon atoms, i.e. the series
at fractional carbon numbers of 0.23, 0.63 and 0.75.
This suggests that these series have a common
branched chain stem on which successive members
are built up by the addition of two carbon units.

Although it had long been suspected from gas chro-
matographic retention data that fatty acids having
the is0 and anteiso structures were present, no proof
of structure for these substances has as yet been re-
ported. In unpublished work (35) we have found
by mass spectrometry that the esters with carbon
numbers of 0.63 and 0.75 on DEGS have the iso and
anteso structures, respectively. It is noteworthy
that in the human the iso series has an even total
number of carbon atoms whereas the anteiso has
an odd number. This agrees with the finding by
Weitkamp for sheep (1), although Pelick and Shigley
found both even and odd members for both the 4so
and the anteiso series (19). Downing also reported
(26) that the werniz caseose branched chain fatty
acids show slightly lower retention times for the even
members than for the odd ones. From this he sug-
gested that the even members are 1s0 and the odd
ones anfeiso.

The structures of the esters with the other earbon
numbers have not yet been identified. Some carbon

TABLE I

Comparison of the Carbon Numbers of Methyl Esters of Fatty Acids
from Skin Surface Lipid with Verniz Caseosa®. b, ¢

Straight Branched chain series

chain 1 o 3 4 5

A. Saturated non-urez-adducting fraction of the free fatty acids of hu-
man scalp skin surface lipid (male)

| 9.66
10.50
11,50 11.63
12.48 12,74
13.24 13.48 13.62
14.50 14.76
15.49 15.67
6.48 16.72

1
17.24 17.48

B. Saturated non-urea-adducting “‘branched chain” fraction of the free
fatty acids of human hair lipid (female)

9.63
10.49 10.75

11.26 11.49 11.61
12,50 12.74

13.20 13.47 13.62
14.46 14.74

15.20 15.47 15.63
16.50 16,78

17.23 17.48 17.63
18.40 and 18.5 18.78

19.4 19.64
20.42 20.73

C. Saturated non-urea-adducting “branched chain’ fraction of the total
fatty acids of verniz caseosa

9.60

10.42 10.78

11.48 11.72
12.47 12.74

13.25 13.49 13.62
14.50 14,75

15.47 15.64
16.47 16.73

17.23 17.47 17.67
18.46 18.73

19.68

20.76

& Carbon numbers computed as in Ref. 34 for methyl esters run on
diethylene glycol succinate (DEGS).

®» Only homologues up to Uz were examined, There were good indi-
cations that for vernixr caseosa higher homologues were present as was
also found by Downing (26).

¢ Where only one figure is given after the decimal the results are
somewhat less accurate, otherwise the values are estimated at %£0.05
carbon number unit.

Vor. 42

number values have been reported by Haahti et al
(27) for verniz caseosa fatty acid methyl esters de-
termined on Apiezon 1. They report a series (which
they believe to be highly branched) 13.16, 14.18, 15.21,
16.23 and 17.28, another about which they do not
comment, 12.47, 14.46 and 16.46, a third which they
believed to be iso, 11.59, 13.59, 14.59, 15.60, 19.60,
and a fourth which they believe to be anteiso, 12.69,
14.69 and 16.70. In a later study of the lipids of
human surface done on 200-foot capillary columns
coated with Dow Corning F-60 silicone fluid, Haahti
and Horning (24) did not report the presence of
material with fraetional carbon numbers between 0.1
and 0.2. They did report that the series between 0.4
and 0.5 consists of 2 series of ‘‘double branched’’
material, one of fractional earbon number of 0.45
and another at 0.55.

It is noteworthy that some of the values for ecar-
bon numbers reported by Haahti et al. (27) corre-
spond to those found by us even though they wused
the nonpolar phase Apiezon L while we used the
polar phase DEGS. The meaning of this is not clear.
It is diffieult to conclude much about these minor
peaks in their study in view of their own statement
that ‘. . . It might be possible that some of these
peaks are caused by higher free aleohols. . . .”’

From gas chromatographic retention data alone one
cannot tell whether there are one or two methyl
branches on a fatty acid chain or indeed if these
substances are due to methylated branching at all.
They could, for example, be due to the presence of
other functional groups on the fatty chain such as
keto, epoxy, cyclopropyl, ete., or to other nonmethyl
ester contaminants, Rven a single methyl branch lo-
cated in positions on a fatty chain not usually en-
countered can cause striking changes in carbon num-
bers. For example, on DEGS the methyl esters of
8-methyloctadecanoie acid, 3-methyloctadecanoic acid
and 2-methyloctadecanoic acid (gifts of Dr. James
Cason) had carbon numbers of 18.38, 18.24 and 17.97,
respectively. The latter could easily be mistaken for
methyl stearate whose carbon number is 18.00. These
same esters when gas-chromatographed on the non-
polar phase SE-30 had carbon numbers of 18.41,
18.41 and 18.38, respectively.

The branched chain fatty acids make up 15% of
the free fatty acid fraction of human surface lipid
and an estimated 12% of the entire lipid (see Table
I in Ref. 36). About half of the branched chain
acids have the 4so structure and one fourth the anteiso
structure. The group with fractional carbon num-
bers of 0.45 is next greatest in amount and the 0.23
and the 0.15 groups make up the remainder.

The main position of unsaturation of the monoenoic
fatty acid methyl esters found in verniz caseosa are
listed in Table II. (No attempt was made to carry
the analysis for the verniz caseosa lipids ahove Cis).
These results correlate well with the positions of un-
saturation of the free fatty acid fraction of human
surface lipid previously reported (25).

Further Comments

Since verniz caseosa and human surface lipid both
contain the same types of unusual fatty acids of
Tables I and II, we conclude that these acids are
products of human skin and not of bacteria or other
external contamination.

The next question is from what part of the skin
do these acids originate? The sebaceous gland is a
likely source for the monoenoic acids. This is in-
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TABLE II

Position Isomers of Largest Amounts at Each Chain Length of the Monoenoic Fatty Acid
Methyl Esters for Skin Surface Lipid Compared with Those of Verniz Cassosa

Double bond position from the carboxyl group

Total chain
length

For free acids of human surface lipids?

For total acids of
Vernix caseosa

A. Straight

......... 4=5;

Cao igo..
Cae iso..
Cas iso..
Cas is0

8=9; 9==10
=9; 9210 10=11

.. 12=13; 14==15

14=15

a Taken from reference {(25.).

ferred from the fact that they comprise a large frac-
tion of scalp surface lipid, 40% of the free acids
and triglycerides, and these substances in turn con-
stitute about 70% of the surface lipid. This lipid
sample is well over 90% sebum (32, and Table I
in 36). Similar reasoning argues for a sebaceous
gland origin for the 4so and anfeiso acids.

If these acids originate in the sebaceous gland are
they derived from the diet as such and excreted or
are they synthesized there de novo? Downing has
considered these questions for sheep (37) and for
man (26). He compared the branched chain fatty
acid content of wool lipid and depot fat of newly
born lambs with those of the wool lipid and depot
fat of the adult sheep and found that for wool lipid
it was nearly the same for the lamb as it was for
the adult sheep, whereas for lamb depot fat it was
0.2%, but for adult sheep depot fat it was 3%. He
also noted the relatively high content of branched
fatty acids in verniz caseosa (60% ) compared to that
of surface lipid of the human forearm (12%) as
analyzed by James and Wheatley (22) and ““. . . in
view of the probability of low placental permeability
to lipids . . . ,”” he suggests that these compounds
are not likely to be derived directly from the ma-
ternal blood but are synthesized in the human se-
baceous gland (26).

Although the coneclusion may be correct, there are
a number of difficulties with the argument. There
may be considerable differences in organ specificity.
For example, skin may be much more predisposed
to select the branched chain fatty acids from the
maternal blood than adipose tissue. Kurthermore,
the whole matter of placental permeability to lipids
seems to be poorly understood. In the sheep and the
rabbit there is, however, some evidence ‘that labeled
palmitic acid gets across the placenta (38).

Wheatley et al. (39) have provided more sugges-
tive evidence that the sebaceous glands synthesize
branched chain fatty acids, at least of the anteiso
type. From perfusion studies of dog skin with uni-
formly labeled isoleucine, they found considerable
activity present in what appears to be an anfeiso
015 aeid (36)
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