
The Fatty Acids of Wax Esters and Sterol Esters from 
Vernix Caseosa and from Human Skin Surface Lipid 
N. NICOLAIDES,  HWEI C. FU, M.N.A. ANSARI and GARY R. RICE, Department of 
Medicine (Dermatology), University of Southern California School of Medicine, 2025 
Zonal Ave,, Los Angeles, California 90033 

ABSTRACT 

Separation of sterol esters from wax 
esters in the lipids of vernix caseosa and 
adult human skin surface was accom- 
plished by column chromatography on 
Mg0. The fatty acids of the sterol esters 
and wax esters of both samples were 
separated into saturates and monoenes, 
and examined in detail by gas liquid 
chromatography (GLC). The saturated 
fatty acids of the wax esters of vernix 
caseosa and of adult human skin surface 
were remarkably similar. They ranged in 
chain length from at least C 11 to C3o , six 
skeletal types being present: straight 
even, straight odd, iso, anteiso, other 
monomethyl  branched and dimethyl 
branched. A large number of patterns of 
monoenes were observed, each pattern 
consisting of desaturation of a specific 
chain at A6 or A9 plus its extension or 
degradation products. The mole per cent 
of the total A6 and A9 patterns of wax 
ester fatty acid monoenes of vernix case- 
osa were 87% and 12%, respectively, and 
98% and 1%, respectively, for adult hu- 
man skin surface lipid. The sterol ester 
fatty acids of vernix caseosa were much 
different from those of adult human skin 
surface: vernix caseosa saturates were 
largely branched and of lengths greater 
than C 1 s, whereas the saturates of adult 
human surface lipid resembled the wax 
ester fatty acids. Of the vernix caseosa 
monoene patterns, the mole per cent was 
30% A6 and 70% Ag, whereas of the 
adult human skin surface sterol ester 
fatty acids 89% were A6 and 11% A9. 
Chain extension was particularly pro- 
nounced in the sterol ester fatty acid 
monoenes of vernix caseosa amounting to 
7-8 C 2 units in some cases. The fatty 
acids of the sterol esters of both vernix 
caseosa and adult human skin surface 
appear to be derived from the sebaceous 
gland and from the keratinizing epi- 
dermis, but those of the wax esters are 
from the sebaceous glands only. 

I NT RODUCTI ON 

Sterol esters of skin lipids have evoked 
considerable interest since Rothman reported 

that psoriatics have a lower amount than 
normal (1). Their origin and role are still 
unresolved problems. 

Knowledge of skin sterol esters has been 
hampered by the difficulty in separating them 
from the wax esters, for in most chromato- 
graphic systems the two ester types migrate as a 
group. Sterol esters can now be separated from 
wax esters conveniently by chromatography on 
magnesium oxide (2). 

On the assumption that the fatty acid 
moieties of each of these ester types would give 
clues as to the origin and role of these lipids, we 
used the above technique to separate the sterol 
esters from the wax esters of the lipids of 
vernix caseosa and of adult human skin surface. 
A plausible explanation as to how sterol esters 
are formed, which would fit all of our results 
and other relevant data, is that sterols, which 
are products of epidermis, become esterified 
primarily (but not entirely) with sebum fatty 
acids in late phases of keratinization or after 
keratinization is complete, both in the adult 
human skin and in vernix caseosa. Some un- 
usual fatty acid unsaturation patterns were also 
observed, as were some unusual extension 
patterns of both saturated and unsaturated 
fatty acids. 

EXPERIMENTAL PROCEDURES 

Human skin surface lipid was collected daily 
from a 26-year-old man by the ether scalp 
soaking technique (3). An aliquot (817.1 rag) 
from four soaks was chromatographed on a 
column (205 mm x 44 mm ID) of 134 g silicic 
acid (Unisil, 100 mesh, Clarkson Chemical Co., 
Williamsport, Pa.). Fifty milliliter fractions 
were collected and assayed by thin layer chro- 
matography (TLC). (This was carried out on 
250/a layers of silica gel plus magnesium silicate 
9:1 developed in hexane-ether 95:5 v/v.) Hex- 
ane (550 ml) and 5% benzene in hexane (520 
ml) eluted 4.0 mg saturated hydrocarbons and 
75.3 mg squalene, respectively. Then 600 ml 
20% benzene in hexane eluted 185.1 mg of a 
mixture of sterol esters plus wax esters, and an 
additional 550 ml eluted a mixture of 11.80 mg 
wax esters plus about an equal amount of more 
polar material. The latter fraction was not 
included in further work-up. 

A 173.7 mg aliquot of sterol esters plus wax 
esters was chromatographed on a column (92 
mm x 44 mm ID) of 85 g Mg0 (Matheson 
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T A B L E  II  

F a t t y  Ac ids  o f  Wax  Es te r s  and S te ro l  Es te r s  f r o m  
V e r n i x  Caseosa  and  f r o m  H u m a n  Skin  Sur face  L ip id  a 

Wax es te rs  

Sa tu ra t e s  

VC b 
E C L  c % 

H y d r o g e n a t e d  
m o n o e n e s  

Sterol  es te rs  

S a t u r a t e s  
H y d r o g e n a t e d  

m o n o e n e s  

H S L  VC H S L  VC H S L  VC H S L  
% % % % % % % 

1 1 . 2 2  . 0 2  
1 1 . 5 0  . 4 3  
1 1 . 6 5  tr 
12 .77 
12.12 tr  
12 .48 2.01 
12.68 .87 
13 .76 
13.15 tr 
13 .20  .44 
13.3 
13.48 .15 
13.66 9 .28 
14 8 .13 
14.2 tr  
14 .48  2 .85 
14.69 16 .60  
15 5.22 
15.2 t r  
15.49 tr  
15.65 14.63 
16 2 0 . 5 0  
1 6 . 2  tr 
16.50 2 .17  
16.72 5 .76  
17 .96  
17.22 .08  
17.52 tr  
17.65 .84  
18 3 .78  
1 8 . 2  tr 
18.49 t r  
18.6 
18.72 .69  
19 .07 
19.66 .76  
20 .25 
20 .4  
20.5  tr  
20 .72  .25 
21 t r  
21 .47  
21 .65  .30 
22 .12 
22.2  
22.5 
22 .74  .15 
23 .02 
23.2 
23.3  tr  
23 .4  tr  
23.5 
23 .64  .35 
24 .30  
24.2  
24.5  tr  
24 .75  .25 
25 .02 
25 .4  
25 .6  .15 
26 .03 

tr  

.17  

. 96  t r  

. 30  
1 . 2 4  

.12  

. 37  .04  
tr  

.24 

t r  
5 .99  .03 

13 .04  7 .62  
tr  S o m e ?  

2 .78  
5 .32 .63 
6 .85 6 .86 

tr  S o m e ?  
.07 

5 .04  8 .78 
4 0 . 1 3  48 .39  
t r  S o m e  

3 .99  S o m e  
.75 6.92 

2 .02  5 .13 
tr  Some'? 

.04 

.38 .98 
4 .83  13.18 

tr  S o m e ?  
tr .02 

tr  .04 
.26 .19 
.24 .09 
.70  .64 

tr  
t r  

.09 .02 

.05 .03 
.02 

.21 .03 

. 4 7  . 1 1  
.02 

.15 .01 

.16  .02 
tr  

t r  

.52 .01 
1.11 .07 

S o m e ?  .01 
.43  .01 
.28  .01 

.33 .01 

.37  .04 

t r  
tr  .21 

t r  t r  .64 
tr  

.54 
tr  tr  

.04 tr  .37 
tr  

t r  
t r  

t r  .06 
tr  2 .25 3 .18 

6 .76 1.25 13.69 
tr? S o m e ?  S o m e ?  

tr 2 .49 
2 .23 6.41 4 .75 
5.06 1.02 7.12 

S o m e ?  
t r  .20 

21 .56  15.24 4 .62 
47 .01  5 .02 32.25 
S o m e ?  S o m e ?  
S o m e ?  tr 3 .09 

3.84 3.45 1.31 
2 .07  .24 2 .32 

.05 .07 
S o m e  .07 

1.49 3.65 .60 
8 .60 1.29 6.05 

.05 
.15 .05 

.07 
.14 1.32 .21 
.21 .06 .58 
.09 12.90 1.23 
.53 .84 1.68 

.60 .01 
.04 

.01 6 .80 .55 

.01 tr  .32 

.03 S o m e  

.01 12.43 1.25 

.07 .64 1.23 
S o m e ?  

.60 .20 
tr  4 .69  .49 

.01 .20 .26 

tr  S o m e  
.04 7 .76  
.05 .95 

.60 
tr? 3 .96  
t r  t r  

S o m e ?  
.04 3 .38 
.04 .40 

( C o n t i n u e d  on f o l l o w i n g  page)  

t r  

1.57 
2 .90  

.07 

.05 
1.00 

.54 

.88 

.94 

t r  
.60 

t r  
.70 

2 .02 
11.61 

t r  
1.21 
1.93 

3.32 
32 .24  

.40 

.66 
3.38 
9.55 

tr? 
.39 
.49 

1 . 5 9  
12.47 

.18 

.35 

1.88 
9 .04  

.16 

.14 

.64 
1 , 4 3  

t r  
5.25 

1 . 0 5  
3.54 

10.09 
4 5 . 8 3  

2 .22 
3.34 

2 .49 
20 .76  

.22 

.58 

.52 
1.53 

.06 

.06 

.14 

.06 

.05 
.06  

.27 

.75 

.07 

.07 

.26 

.19 
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TABLE II 
(Continued from preceding page) 

509  

26.4 .03 
26.7 .02 tr tr .02 1.11 .07 tr tr 
27 tr tr tr .02 tr .04 tr tr 
27.6 .02 tr .01 .01 .60 .03 tr tr 
28 tr tr .02 .01 tr .03 .50 tr 
28.4 tr 
28.7 .14 tr 
29 tr .03 tr tr 
29.5 tr 
29.6 tr 
30 tr .02 .2 l 

100.00 I00.00 IO0.O0 100.00 lO0.O0 100.00 100.00 100.00 

a v c  = vernix caseosa, HSL = human surface lipid, tr = trace. Percentage figures are given to two decimal 
places simply to round out the data and show relative amounts of the minor components. Accuracy is estimated 
a t  - 5 %,  

bTraces of material to E C L ' s  of 10.50 were seen for this sample. 
CECL = equivalent chain length (7). The ECL's listed are an average of all eight samples. Where only one 

decimal is listed the error is estimated at + .05 for al l  samples: where two decimals are given maximum error for 
all samples is _ .04 and usually _+ .02 or less. 

Co leman  and  Bell MX-66 ca ta ly t ic  grade 200  
mesh  adsorp t ive  powder )  and  e lu ted  wi th  20 ml 
hexane  and  190 ml 1% ace tone  in h e x a n e  
before  a n y t h i n g  emerged.  An  addi t iona l  80 ml,  
140 ml and  550  ml of  1% ace tone  in h e x a n e  
e lu ted  107.25 mg  wax esters,  1.14 mg of  a 
m ix tu r e  of  wax esters plus s terol  esters  and  
27.05 mg of  a m ix t u r e  of s terol  es ter  plus 
cho les te ro l  and  wax a lcohol  respect ively.  Final-  
ly an add i t iona l  450  ml 1% ace tone  in hexane  
plus 350  ml 10% ace tone  in hexane  e lu ted  
20.23 mg wax a lcohol  plus sterol .  The 27.05 
mg f r ac t ion  was t hen  r e c h r o m a t o g r a p h e d  on 12 
g o f  silicic acid on  a c o l u m n  (120  x 16 m m  ID) 
and  s terol  esters  (21 .79  rag) easily separa ted  
f rom the  free a lcohols  plus s terols  (5 .96 rag). 
This gave a f inal  recovery  of  107.25 mg wax 
esters,  1.14 mg of  an equal  m i x t u r e  of  s terol  
esters and  wax esters,  21 .79  mg s terol  esters  
and  26 .19  mg  o f  a m i x t u r e  of  free a lcohol  and  
free s terol  in p r o p o r t i o n  of  ca. 5:1 (assayed by  
TLC),  mak ing  a to ta l  of  156.37 mg recovered.  
The  u n r e c o v e r e d  17.3 mg f rom the  original  
173.7 mg was p r e s u m a b l y  held on the  c o l u m n  
as f a t t y  acid salts of  magnes ium.  Subs equen t l y  
it was s h o w n  t h a t  when  f ines were r e m o v e d  
f rom the  magnes ium oxide  (which  was n o t  
done in th is  c h r o m a t o g r a m )  less t han  5% 
hydro lys i s  occur red  (2). However  the  p ropor -  
t ion  of  a lcohol  to  s terol  recovered  ind ica ted  
t ha t  n o  p re fe ren t i a l  hydro lys i s  of e i the r  es ter  
class occurred.  

An  a l iquo t  (26.9  mg)  of  the  wax es ter  
f r ac t ion  and  the  en t i re  s terol  es ter  f rac t ion  were 
t hen  ind iv idua l ly  saponi f ied  (10% KOH in 90% 
e thano l  r e f luxed  3 hr  u n d e r  n i t rogen ) ;  the  
sapon i f i ca t ion  mix tu r e  was d i lu ted  wi th  water ,  
t hen  acidi f ied w i th  6N H2SO 4 and  ex t r ac t ed  
w i th  hexane .  The  unsapon i f i ab le s  were t h e n  

separa ted  f rom the  f a t t y  acids quan t i t a t ive ly  by  
co lumn  c h r o m a t o g r a p h y  on  4.6 g Florisil  (Flor-  
idin  Co., Tallahasee,  Fla .)  a f te r  a b a t c h  of the  
a d s o r b e n t  had  been  washed  ex tens ive ly  wi th  
dist i l led water ,  ac t iva ted  at  120 C for  16 hr,  
t hen  7% water  added  (4).  C o l u m n  d imens ions  
were 105 x 50 m m  ID. Fo r  the  s terol  es ter  
separa t ion  of saponi f ied  p roduc t s ,  a f te r  hexane  
had  e lu ted  a t iny  trace of  mater ia l ,  60 ml of  
CHCI3 e lu ted  12.32 mg  of  s terols  and  35 ml 
c h l o r o f o r m - m e t h a n o l - f o r m i c  acid (88%) in the  
p r o p o r t i o n  90 :5  : 5 v /v /v  e lu ted  8.31 mg of  f a t ty  
acids. The  wax esters  y ie lded  14.83 mg of  wax 
a lcohols  and  13.57 mg of  f a t ty  acids in a s imilar  
c h r o m a t o g r a m .  The fa t ty  acids f rom each  group  
of  es ters  were t hen  es ter i f ied  wi th  m e t h a n o l i c  
BF 3 and  separa ted  i n to  sa tura tes ,  m o n o e n e s ,  
dienes and  " p o l a r "  mater ia l  on  AgNO3/SiO2 
co lumns  by t echn iques  a l ready r epo r t ed  (5).  
The sa tura tes  were ana lyzed  by GLC and  the  
m o n o e n e s  were co l l ec ted  by  prepara t ive  GLC 
and  ana lyzed  by  h y d r o g e n a t i o n ,  GLC and  
ozonolys i s  by  p rocedures  also previously  re- 
p o r t e d  (5).  N o t h i n g  f u r t h e r  was done  wi th  the  
polar  mater ia l  or  dienes  ( excep t  as i nd i ca t ed  
below) .  

Vernix  caseosa (11 .82  g) was o b t a i n e d  f rom 
a Caucasian male to  y ie ld  1 .370 g lipid. This 
was ana lyzed  by  a very  s imilar  p rocedure ,  and  
detai ls  have been  r e p o r t e d  (6).  

RESULTS A N D  DISCUSSI ON 

The  wax es ter  f a t t y  acids of  b o t h  vernix  
caseosa and  adul t  h u m a n  skin surface show a 
r e m a r k a b l e  similari ty.  No t  on ly  do these  esters 
make  up  near ly  the  same pe rcen tage  of  the i r  
co r r e spond ing  l ipid samples  (Table  I), bu t  the i r  
f a t ty  acid moie t ies  show a s imilar  c o m p o s i t i o n  

LIPIDS, VOL. 7, NO. 8 
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T A B L E  III 

Pos i t ions  I s o m e r s  o f  F a t t y  A c i d  M o n o e n e s  in Wax Es te r s  
o f  Ve rn ix  Caseosa  a n d  A d u l t  H u m a n  Sk in  Sur face  L ip id  

M o n o e n e  Mote % 
Mole % at  A p o s i t i o n s  i n d i c a t e d  b c a r b o n  o f  t o t a l  

s k e l e t o n  a m o n o e n e s  A 4  A5 A6 A 7  A8 A9 A 1 0  A l l  A 1 2  A 1 3  A 1 4  A15 

V e r n i x  caseosa  
n - 1 4  8 .59  1 t r  96 1 1 1 t r  
n - 1 6  4 8 . 8 8  t r  88 t r  5 6 t r  
n - 1 8  1 2 . 0 4  n d  n d  14 t r  26  35 1 
n - 2 0  0 . 5 4  t r  4 3 2 2 33  
n - 2 2  0 .08  N A  
n - 2 4  to  3 0  0 . 1 0  N A  

n - 1 3  .06  N A  
n -15  7 .31  t r  t r  99  t r  t r  1 n d  
n - 1 7  4 .91  t r  76  4 7 7 t r  
n - 1 9  . 17  N A  
n-21  to  27  . 0 4  N A  

i -14  . 0 4  N A  
i-16 8 .84  t r  1 98  1 t r  t r  t r  
i -18 . 9 0  2 64  5 23  6 t r  
i -20  to  28  . 13  N A  

a i .15  c .67  3 97 t r  t r  t r  t r  
ai_17c 6 .62  t r  100  t r  t r  
ai-I  9 to  27  . 0 8  N A  

A d u l t  h u m a n  skin s u r f a c e  l ip id  

1 
21 

9 

6 

t r  

t r  t r  
n d  3 

3 4 4  

n - 1 4  7 .57  n d  n d  1 0 0  n d  rid n d  n d  n d  n d  
n - 1 6  4 7 . 1 7  n d  t r  95 t r  4 1 t r  t r  t r  t r  
n - 1 8  7 .81  n d  t r  38 2 52 5 3 t r  t r  t r  
n - 2 0  . 4 4  n d  n d  11 9 3 61 6 10 t r  
n -22  to  28  . 12  N A  

n -13  .05  N A  
n -15  5 .36  n d  100  n d  
n - 1 7  1 .97  t r  75 7 17 1 t r  n d  
n - 1 9  . 1 8  n d  55 13 38 8 34 2 
n-21  to  27 . 03  N A  

i -16  2 1 . 6 3  100  
i -18 1 .35  2 39 2 57  
i -20 . 0 8  6 7 1 24  4 59 t r  t r  
i -22 to  28  . 08  N A  

ai-15 2 .36  1 97  1 t 
a i -17  3 .66  n d  n d  100  n d  
a i -19  c . 12  4 7  9 4 4  
ai-21 to  27  . 02  N A  

t r  
tr 
t r  

an-  = n o r m a l ,  i- = iso,  ai- = an te i so .  

b t r  = Trace ,  n d  = n o t  d e t e c t e d ,  N A  = n o t  a n a l y z e d .  All s t r u c t u r e s  w e r e  d e t e r m i n e d  b y  ana lys i s  o f  
the  a l d e h y d e s  a n d  a l d e h y d e  es ters  f o r m e d  o n  r e d u c t i v e  o z o n o l y s i s  (5).  

CS t ruc tu r e  d e t e r m i n e d  b y  ana lys i s  o f  a ldes te r s  on ly .  

b o t h  w i t h  r e g a r d  t o  t h e  a m o u n t  o f  s a t u r a t e s  

a n d  u n s a t u r a t e s  ( T a b l e  I )  a n d  t o  t h e  t y p e s  o f  

c h a i n s  ( T a b l e  I I ) .  T h e  c h a i n s  r a n g e  f r o m  a n  

e q u i v a l e n t  c h a i n  l e n g t h  ( E C L )  ( 7 )  o f  

1 0 . 5 0 - 3 0 . 0 0 ,  t h e  c h a i n  t y p e s  b e i n g  s t r a i g h t  

e v e n ,  s t r a i g h t  o d d ,  i s o ,  a n t e i s o ,  o t h e r  m o n o -  

m e t h y l  b r a n c h e d  a n d  d i m e t h y l  b r a n c h e d .  T h e s e  

c h a i n  t y p e s  h a v e  a l l  b e e n  i d e n t i f i e d  b y  m a s s  

s p e c t r o m e t r y  ( 6 ) .  T h e  s i m i l a r i t y  i n  c o m p o s i t i o n  

o f  s u c h  a d i v e r s e  g r o u p  o f  a c i d s  f o r  t h e s e  t w o  

e n t i r e l y  d i f f e r e n t  s a m p l e s  a r g u e s  a g a i n s t  a n y  

s i g n i f i c a n t  c o n t a m i n a t i o n  o f  e i t h e r  s a m p l e .  

However  some differences in distribution (Ta- 
ble I) as well as in double bond patterns ( to be 
discussed) does exist. 

The sterol esters of  vernix caseosa, on the 
o ther  hand,  make up no t  only a significantly 
greater percentage of  total  lipid than do the 
sterol esters of  adult human skin surface lipid, 
i.e., 25.4% vs. 2.8%, but  the fatty acid moiet ies  
of the two samples are considerably different .  
In this regard the sterol ester fat ty acids of  
adult human skin surface resemble more closely 
those of  the wax esters than they do those of  

LIPIDS,  V O L .  7,  NO.  8 
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the sterol esters of vernix caseosa. In vernix 
caseosa sterol esters the per cent saturated fatty 
acids is exceedingly high, i.e., 65% (Table I). 
Most of these saturated acids are branched, iso 
making up 38% and anteiso nearly 20%. This 
high amount of saturates is in marked contrast 
to the other samples which have much more 
straight even monoenes (%40%). The sterol ester 
fatty acids of vernix caseosa differ in another 
respect from those of the other samples in that 
they have a higher proportion of the longer 
chain lengths. For example, 60% of the satu- 
rates and 43% of the monoenes are above C 1 s 
for vernix caseosa, whereas only 16% of the 
saturates and 5% of the monoenes are above 
C18 for adult human skin surface. The fatty 
acids of the wax esters on the other hand, have 
only ca. 5% saturates and 1% monoenes above 
C18 for both samples. 

Both vernix caseosa lipid and adult human 
skin surface lipid have methyl branched acids 
other than iso and anteiso for both wax esters 
and sterol esters. The location of these methyl 
branches is predominantly at position 4, but it 
also occurs on even C-atoms greater than 4 (6). 

Our data show a rough correspondence in 
chain length distribution with those of K~rkkSi- 
nen et al. (8); however identifications of the 
exact structures are at considerable variance. 
What they have frequently stated as "iso" we 
have tabulated as ECL's of 0.45-0.52 which 
were found to be mixtures of monomethyl 
branched acids. The basis for their identifica- 
tion as "iso" or "anteiso" must have been 
solely from GLC retention data, and the haz- 
ards of that have been discussed (9). 

The molar per cents of the double bond 
position isomers for each chain length monoene 
of the wax ester fatty acids of vernix caseosa 
and adult human skin surface are given in Table 
III; those for the sterol esters of both samples 
are given in Table IV. A probable manner in 
which these position isomers could be biosyn- 
thesized can be given if we make four reason- 
able assumptions: (a) There are two desaturase 
systems, one placing a double bond between 
the sixth and seventh C-atoms from the car- 
boxyl group (designated as A6), and the other 
between the ninth and tenth C-atoms (desig- 
nated as A9). (b) Both desaturase systems can 
desaturate all the major skeletal chain types of 
the fatty acids found, i.e., straight even, straight 
odd, iso and anteiso. We have also found that 
the other mono and dimetJayl branched chain 
types show unsaturation (unpublished), but 
their structures have not  yet been elucidated, 
and they are not included in this discussion of 
position isomer data. (c) Chain lengths primar- 
ily of C14 to C20 (usually those occurring in 

greatest amounts) are the substrates upon which 
the desaturase systems work. (d) After desatu- 
ration has occurred the chains can be further 
extended by C2 units or degraded by C2 units, 
the chain extension process predominating. 
Each initial substrate plus its extension or 
degradation products constitute what we are 
here calling a "pattern." The total moles of a 
pattern can be computed from data given in 
Tables III and IV. Thus the mole per cent of 
the 14A6 pattern would include, for example, 
not only the moles of the initial substrate, 
C14:A6, but also all its extension and degrada- 
t i o n  p r oduc t s ,  i.e., C~6:A8, C18:AI0,  
CE0:A12 , C12:A4 ' etc., if these were present. 
For the various patterns occurring in the wax 
ester fatty acids of vernix caseosa and of adult 
human skin surface lipid, Table V gives the 
mole per cent of the total monoenes in the 
pattern as well as the number of molecular 
species in each pattern. Table VI gives the same 
data for the sterol ester fatty acids of both 
samples. 

It is not implied that the biosynthetic 
scheme proposed here is the only one which 
can explain the data. Other desaturase systems 
(for example, desaturating between the seventh 
and eighth C-atoms) or decarboxylating en- 
zymes may be present, which could also explain 
some of the products. The proposed scheme, 
however, does have the merit of simplicity and 
comprehensiveness, and postulates biochemical 
processes known to exist. We are not aware of 
any evidence which would necessitate mecha- 
nisms additional to those postulated here. 

The large number of position isomers pres- 
ent (Tables III and IV) is truly a striking 
feature. For the wax esters of adult human skin 
surface lipid, nearly all the monoenes (98%) are 
of the A6 type (Tables II and V). Vernix 
caseosa wax ester fatty acids also show a 
preponderance of the A6 patterns (87%), but 
A9 patterns are appreciable (12%) (Table V). 
Of the latter the 16A9 and the 18A9 make up 
the largest proportion (5.78 and 4.26 mole %, 
respectively). The A9 patterns are far more 
prevalent among the sterol ester fatty acids of 
vernix caseosa, making up %70%; but for adult 
human skin surface, only 11% of the sterol 
ester fatty acids are A9 (Table VI). 

It is highly probable that vernix caseosa 
sterol ester fatty acids originate from both 
keratinizing epidermis and sebum. Much evi- 
dence supports this conclusion: sterol esters are 
major components of epidermis (10-12); the 
major fatty acid monoene of epidermis is oleic 
acid, C18:A 9 (13); acids of the A6 type (from 
sebum only) and the A9 type (from both 
sebum and epidermis) occur in total vernix 
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TABLE V 

Double Bond Patterns of Wax Ester Fatty Acids in 
Vernix Caseosa Lipid and in Adult Human Skin Surface Lipid 

Vernix caseosa lipid patterns, a 
mole % of monoenes (no. molec, species c) 

Adult human skin surface lipid patterns a 
mole % of monoenes (no. molec, species c) 

Pattern Straight Straight Iso Anteiso Straight Straight Iso Anteiso 
initiator b even odd even odd 

12A6 
13A6 
14A6 
15A6 
16A6 
17A6 
18A6 
19A6 
20A6 

Total 

.09(2) 
tr(2) .02(1) 

10.81(4) 9.73(4) 
7.58(2) .65(2) 5.75(3) 2.30(1) 

46.42(4) 8.87(2) 49.14(3) 22.45(3) 
3.74(2) 6.62(1) 1.55(2) 3.71(2) 

1.70(2) .57(2) 3.01 (2) .54(2) 
.01(1) .06(1) 

.02(1) . 0 l ( l )  

59.04 11.32 9.44 7.27 61.98 7.31 23.00 6.09 

Total A6 = 98.28 mole %d Total A6 = 87.07 mole %d 

14A9 .94(3) 
15A9 .36(2) 
16A9 5.78(4) .47(3) 
17&9 .34(2) .03(2) .02(1) 
18A9 4.26(4) .14(2) .42(3) 
19A9 .20(2) .02(2) .15(2) .02(1) 
20A9 .01(3) .14(2) .17(3) .03(2) 
21A9 .02(2) .01(1) 
22A9 .02(1) .02(1) .05(2) .03(2) 

Total 11.01 .90 .30 .02 1.11 .20 .06 .05 

Total A9 = 12.23 mole %d Total A9 = 1.42 mole %d 

aA "pat tern"  is here defined as an initial fatty chain substrate plus its extension or degradation products by 
C 2 units (see text). 

bChain length and double bond position of the substrate initiating the pattern (see text). 
CThe figures in ( ) are the number of  molecular species in the pattern (see text). 
dThe difference between the sum of A6 + A9 patterns and 100.00% is the moles not analyzed. 

caseosa lipid (14); and fetal sebum contains the 
16A9 pattern (15). In the comedo, too, much 
evidence supports the conclusion that the sterol 
esters are derived from sebum as well as from 
epidermal fatty acids (16). If all the oleic acid 
present in the sterol ester fatty acids of vernix 
caseosa is derived from keratinizing epidermis, 
there still remains a very large portion (%46 
mole %) of other A9 acids, and many of these, 
especially those of the 16A9 and 14A9 patterns 
as well as the iso and anteiso monoenoic acids, 
are most likely of sebum origin. It is note- 
worthy that rat surface lipid, also primarily of 
sebaceous gland origin, shows mainly the 16A9 
pattern (5). 

It is apparent from Tables III-VI that the 
straight even fatty acids of vernix caseosa sterol 
esters have been extended the maximal number 
of moles compared to the fatty acids of any of 
the other samples. Of these straight even acids, 
six times as many are extended in the A9 series 
as in the A6 series (Table VII). In both series 
the C 1 6 substrate is maximally extended. These 
extensions are undoubtedly occurring in the 

sebaceous gland, A large amount of substrate 
C18:A9 (23.80 mole %) is present, compared to 
the moles extended (3.94 mole %); but this is 
not so for the 16A9 series, i.e., 4.19 moles of 
substrate compared to 28.13 moles extension 
products. This implies that some oleic acid is in 
a pool not extended as are the other A9 chains. 
This pool is very likely the sterol esters of the 
keratinizing epidermis as discussed above. Chain 
extension to as many as 7 or 8 C 2 units is by no 
means common among lipids of internal tissues. 

Wilkinson has published data on the double 
bond position of the fatty acids of sterol esters 
of adult human skin surface lipid (17). For the 
major chain lengths that he found, our data are 
in general agreement. We have, however, found 
a good many more components, both of a given 
chain length and for branched and other skele- 
tal types occurring in small amounts. Downing 
and Green have published double bond position 
isomer data for all the fatty acids of vernix 
caseosa obtained by saponification of the entire 
lipid sample (14). They have remarked on the 
uniqueness of the 16A9 pattern, and in general 
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TABLE VI 

Double Bond Patterns of Sterol Ester Fatty Acids in Vernix 
Caseosa Lipid and in Adult Human Skin Surface Lipid 

515 

Pattern 
initiator h 

Vernix caseosa lipid patterns a Adult human skin surface lipid patterns a 
mole % of monoenes (no. molec, species c) mole % of monoenes (no. molec, species c) 

Straight Straight Iso Anteiso Straight Straight Iso Anteiso 
even odd even odd 

12A6 
13A6 
14A6 
15A6 
16A6 
17A6 
18A6 
19A6 
20A6 
22A6 

Total 

14A9 
15A9 
16A9 
17A9 
18A9 
19A9 
20A9 
21A9 
22A9 
23A9 
24A9 
26A9 

.02(3) 
.13(6) 

1.62(6) 7.36(7) 
1.17(6) .01(2) 

13.42(8) 8.01(6) 54.85(7) 
.70(3) 2.09(5) 

.82(3) 2.20(4) 2.83(5) 
.01(1) .04(2) 

.11(2) .08(3) 
.01(3) 

15.88 2.01 10.32 2.14 65,13 

Total A6 = 30.35 mole % 

4.37(7) 
.66(6) 

32.32(8) 
1.44(6) .02(2) 

28.01 (8) .46(6)  
.39(6) .09(4) 

.09(2) 1.67(5) 
.02(2) .05(3) 

.04(2) 

64.79 2.51 2.17 

Total A9 = 69.65 mole % 

.18 

4.83(6) 1.15(3) 
12.30(6) 

2.15(5) 2.38(3) 
.94(6) 

.02(1) tr (1) 
.01(4) 
.01(1) 

7.00 13.26 3.53 

Total A6 = 88.92 mole %d 

.60(6) 
.40(6) .01(3) 

7.58(7) .10(5) 
.37(6) .02(4) 

.90(6) .18(6) 
.02(3) tr (3) 

.70(5) .02(5) 
t r (1)  

.05(4) .02(3) 

.02(2) 
9.85 .79 .32 .03 

Total A9 = 10.99 mole %d 

aSee Table V. 
bSee Table V. 
CSee Table V. 
dSee Table V. 

their results are consistent with ours. Ansari et 
al. (15,5) found independently that the 16A9 
pattern occurred in the monoenoic fatty acids 
of the  a lkane diol  diesters  of  vern ix  caseosa. 
Since these diesters  are s ebum c o m p o n e n t s  they  
conc luded  t ha t  the  16A9 desaturase  sys tem was 
a sebaceous  gland act ivi ty.  Since Downing  and  
Greene ' s  sample  inc luded  ep ide rmal  as well as 
sebaceous  gland lipids, t hey  were unab le  to  
de t e rmine  the  origin of  the 16A9 pa t t e rn .  
Double  b o n d  pos i t ions  of  the  wax ester  f a t ty  
acids of e i the r  ve rn ix  caseosa or of  adu l t  h u m a n  
surface have h i t h e r t o  n o t  been  r epo r t ed ,  n o r  
have they  been  r e p o r t e d  for  the s terol  esters of  
vern ix  caseosa. 

I t  is obv ious  f rom the  foregoing  t ha t  the  
s terol  esters of  ve rn ix  caseosa, wh ich  c o n s t i t u t e  
ca. 25% of the  lipid, are a very  com pl ex  
f ract ion.  This c o m p l e x i t y  charac ter izes  n o t  
on ly  the f a t ty  acid moie t ies  bu t  also the  sterols  
themselves .  F o r  ins tance ,  Mie t t i enen  and  Luk- 
k/ i inen s h o w e d  t h a t  vern ix  caseosa  l ipid con-  

tains at least eight additional sterois besides 
cholesterol (18). Of this group the esters of 
lanostenol (which constitutes less than 2% of 
the  to ta l )  wou ld  be e x p e c t e d  to  migra te  wi th  
the  wax esters  in ou r  sepa ra t ion  scheme,  be- 
cause mode l s  of  this  s terol  show t h a t  i t  c a n n o t  
p resen t  m u c h  f la t  surface t e  the  a b s o r b e n t ,  
Mg0, the basis of  the  separa t ion  (2).  A l t h o u g h  
the  L i e b e r m a n n - B u r c h a r d  tes t  of  the  wax esters 
of  vernix  caseosa  did  give the  ye l low color  
charac te r i s t i c  of  l anos te ro l ,  GLC of  the  to ta l  
wax es ter  f r ac t ion  s h o w e d  e x t r e m e l y  l i t t le  
mater ia l  in the  region of  l anos te ro l  pa lmi t a t e  or 
s teara te  ( u n p u b l i s h e d )  so t h a t  c o n t a m i n a t i o n  of 
the  wax esters by  l anos te ro l  esters mus t  be very 
slight.  

The  same au tho r s  (18)  also e x a m i n e d  the  
s terols  of  a m n i o t i c  f luid,  m e c o n i u m ,  p lacen ta  
and  ma te rna l  se rum,  and  s h o w e d  t h a t  the  
s terols  of  vern ix  caseosa, a m n i o t i c  f luid and  
m e c o n i u m  bore  a m u c h  closer  s imilar i ty  to  each  
o t h e r  t han  t hey  did  to  those  of  the p lacen ta  or  
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maternal  serum. Thus the similarity of  the 
sterol patterns found  in vernix caseosa, amni- 
otic fluid and m e c o n i u m  could  result f rom the 
fact that during in t rauter ine  life the fetus 
drinks amniot ic  fluid in to  which skin cells and 
surface lipids have been released, but  that  these 
substances are no t  absorbed. However  the 
authors also po in t  out  that  the intestinal 
mucosa,  being a tissue of  ec todermal  origin, 
may synthesize sterols that  resemble those of 
the skin. 

Sterol esters of  high molecular  weight fa t ty  
acids are also no t  well absorbed. This might  be 
a reason as to why they are made, or, if  others 
are made too, why only esters of  high molecu- 
lar weight acids remain in vernix caseosa. The 
high carbon con ten t  of  the sterol esters un- 
doubtedly  helps to provide a waxy film of low 
water  solubil i ty (along with o ther  sebum com- 
ponents) .  This prevents  excessive wet t ing of the 
fetal skin. Ester i f icat ion of  the sterols of  vernix 
caseosa might also provide a means for  remov- 
ing most  o f  the free cholesterol  result ing from 
epidermal lipid. This would  help regulate the 
amount  of  free cholesterol  that  gets in to  the 
amniot ic  fluid. 

In the case of  adult human skin surface lipid, 
the sterol esters seem to be simply the product  
of  a residual esterase activity set free by the 
lysosomal enzymes  of  dying, kerat inizing epi- 
dermal cells. This implies that  the sterol esters 
of  bo th  the adult human skin surface lipid or of  
vernix caseosa are secondary products .  Free 
sterols are buil t  up by the living epidermis and 
are then esterified primari ly with sebum acids 
but  also with some acids released f rom the 
epidermis in late stages of  kerat inizat ion or 
after kerat inizat ion is complete .  

Yardley (19) has suggested that sterol esters 
of  essential fa t ty  acids are necessary com- 
pounds for kerat inizat ion.  We examined the 
dienoic fat ty acids of  adult  human skin surface 
sterol esters briefly and found that ,  of  all the 
acids esterified to  sterols, the C18 dienes make 
up at most  i%. I f  l inoleic acid const i tutes  the 
same propor t ion  of  the dienes of  sterol esters as 
it does of all the dienes of  adult human surface 
lipid (20), then  it must  make up only ca. 
0.25%. Arachidonic  acid, if  present, would  have 
appeared in the polar  fract ion of the acids of  
Table I. Since only a trace of total  polar 
material  was recovered in the sterol esters of 
adult  human skin surface lipid, if  any,  only 
minute  amounts  of  arachidonic acid must be 
present.  Thus, i f  sterol esters of essential fat ty 
acids are to  be impor tan t  for kerat inizat ion,  
they would  have to be used in ex t remely  small 
amounts�9 We are no t  aware of  any evidence that  
this is so. 
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