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was cooled, t ransferred quanti tat ively to a distilling 
flask (benzene can be used as a solvent), and rapidly 
distilled. Fract ional  distillation of the vinyl  ethers, 
using a 40 x 0.8 cm. Vigreux column, gave the prod- 
ucts submitted for analysis (see Table I I ) .  

Methyl t,t-9,11-Octadecadienoate. A solution of 15 
g. of t,t-9,11-octadecadienoie acid dissolved in 150 ml. 
of absolute methanol containing 15 drops of concen- 
t ra ted sulfuric acid was refluxed for 21 hrs. The so- 
lution was poured into 300 ml. of water and extracted 
with three 50-ml. portions of ether. The combined 
ether extracts were washed with water, 25 ml. of a 
50% sodium carbonate solution, and again with 
water. Removal of the ether followed by distillation 
of the residue gave 11.2 g. (72%) of product  boiling 
at 164-165 ° (0.6 ram.): n~  1.4692. 

t,t-9,11-Octadecadienyl Alcohol. A solution of 10.8 
g. of methyl t,t-9,11-octadecadicnoate in 20 ml. of 
absolute ether was added dropwise to 1.6 g. of lith- 
ium aluminum hydride in 100 ml. of ether. The mix- 
ture was st irred 4 hrs. before adding excess ethyl 
acetate to decompose unreacted hydride. Dilute hy- 
drochloric acid was added to dissolve the precipi- 
tated salts, and the ether layer was separated. After  
washing the ether layer  with water and removal of 
the ether, the crude product  solidified. Three re- 
crystallizations from methanol gave 7.9 g. (81%) 
of white crystalline product,  m.p. 42.4 ~2.7°; maxi- 
mum E ~ "  ~ 1196. 

Reduction of Vinyl Ethers. Stearyl  ethyl ether, 
12-hydroxystearyl  ether, and 1,12-oetadecanediol di- 
ethyl ether were prepared by catalytic hydrogena- 
tion (40-lb. gauge pressure) of the corresponding 
vinyl ether in absolute ethanol using plat inum oxide 
as catalyst. 

Polymerization of the Vinyl Ethers. (See Table I I  
for properties of some of the vinyl ether polymers.) 

A. General Procedure. The vinyl ether (15 g.) 
dissolved in at least 10-15 ml. of absolute benzene 
was added dropwise to 150 mg. of the catalyst in 10 
ml. of absolute benzene. Polymerization reactions in- 
volving aluminum chloride were refluxed for 4 hrs. ; 
stannous chloride and zinc chloride reactions were 
refluxed for 48 hrs. Steam distillation of the benzene 
solution followed by decantation gave the polymer as 
a residue. The polymer was purified by t r i turat ion 

with hot methanol to remove monomer and any long- 
chain alcohol that  might be present. Excess methanol 
was eliminated from the polymer by evaporation in 
vacua. 

B. Polymerization with Boron Trifluoride. One 
drop of 15% boron trifluoride etherate was added to 
15 g. of the monomer in 15 ml. of absolute benzene. 
The temperature  was not allowed to rise above 30 ° . 
Water  was added to quench the reaction at the end 
of 1 hr. The reaction mixture was then treated as in 
Method A. 

Molecular weights of polymers were determined 
by measuring boiling point elevation of benzene 
solutions. 

Summary 
A number of vinyl ethers of C~ fa t ty  alcohols have 

been prepared by reaction of the alcohol with acety- 
lene at atmospheric pressure in the presence of a 
basic catalyst. In f ra red  spectroscopic data on long- 
chain fa t ty  alcohols, their vinyl ethers, and related 
chemical derivatives have been obtained. ]~/[ethods of 
analysis of long-chain vinyl ethers for  vinyl group 
have been deve]oped, namely, iodometric, hydroxyla- 
mine, and infrared methods. 

Pre l iminary  experiments on the polymerization of 
long-chain vinyl ethers with ionic catalysts were car- 
ried out. 
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Esters in Human Hair Fat 1 

N. NICOLAIDES and ROSCOE C. FOSTER JR., Section of Dermatology, Department of Medicine, 
University of Chicago, Chicago, Illinois 

I 
T H A S  LONG B E E N  K N O W N  that  skin surface fat  c o n -  

t a i n s  sterot esters for  in 1910 Salkowsky isolated 
and identified cholesteryl palmitate f rom epidermal 

scales (12). Since then the presence of sterol esters 
in human hair fa t  and other skin surface fats has 
been shown indirectly by digitonin precipitation of 
sterols before and af ter  saponification. More recently, 
the presence of glycerol in the aqueous phase af ter  
saponification indicated the presence of glycerides 
(16). F rom the fact that  a very  low acetyl value has 
been reported for the total fa t  (7), while the un- 

- - 1 T h i s  investigation was supported in part by the Research and 
Development Division, Office of the Surgeon General,  Depar tment  of 
the Army, unde r  cont rac t  No. DA-49-007-MD-411. 

saponifiable mat ter  contains a sizeable fraction of 
wax alcohols (5, 6, 7), it could be assumed that  the 
wax alcohols were present originally as esters. (See 
discussion, p. 408.) However none of the glyeerides 
or wax esters had previously been isolated as such. 

Human  hair fat  also contains a large fract ion of 
free f a t ty  acids (7, 9) which have been analyzed 
(6, 15). They constitute a normal series of straight 
chain homologues ranging from C~ to C2~. Of especial 
interest is the fact that  chains having an odd as well 
as an even number of carbon atoms are present, and 
both groups show unsaturat ion as well as saturation 
for some of their  members. 
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Some pre l iminary  work on the esterified acids (10) 
showed tha t  this mixture,  too, is as complex as is the 
mixture  of free f a t t y  acids. Thus we have here a 
complex group of alcohols (glycerol, sterols, and an 
homologous series of wax alcohols) (5, 6) combined 
with a complex series of acids. The question arises 
as to whether or not there is any  preferent ia l  esteri- 
fication of certain acids by the different alcoholic 
groups. That  indeed such might  be the case was 
suggested by  the fact  that  the total  f ract ion of esteri- 
fled acids was more unsa tura ted  than  was the free 
acid portion. I f  one assumes that  all the acids are 
built  up by  some common pathway,  then some pref-  
erential  esterifieation (or hydrolysis)  must  have 
occurred. 

In  the present  s tudy s t ra ight  chain waxes, an 
impure  mixture  of sterol esters, triglyeerides,  and 
hitherto unobserved diglycerides, were isolated f rom 
adult  male and f rom adult  female hair  f a t  and 
par t ia l ly  characterized. Evidence is presented for the 
presence of 1-monoglycerides. Some preferent ia l  es- 
terification of the acids by the different alcoholic 
groups was also observed. 

Experimental 
Collecting the Fat Samples. H u m a n  hair  fa t  was 

obtained by two methods: a) by  daily soaking of the 
scalp of adults in ether, and b) by the ether extrac- 
tion of pooled cut hair of prisoners. (All solvents in 
this work were predistil led through a Podbie]niak 
distill ing column to remove traces of non-volatile 
residue.) In  the first method, 24 hrs. pr ior  to soaking 
the scalp, the subjects were shampooed with t incture  
of green soap and rinsed with 4 liters of distilled 
water.  Absence of soap in the final 500 ml. of rinse 
water  was shown by the lack of any extractable f a t ty  
acids when the solution was acidified. H a i r  fa t  was 
then collected daily by the subject ' s  immersing the 
crown of his head for  10 seconds in a bowl containing 
600 ml. of anhydrous  ether. The bowl was made f rom 
half  of a 12-liter flask and mounted on a stand. The 
extract  was drained f rom the bowl by  means of a 
stopcock sealed to the bottom. Af ter  three such soaks 
in rapid  succession, approximate ly  90% of the fa t  
was removed as determined by  the progressively de- 
creasing amounts of fat  obtained in each successive 
extract. The extract  f rom the three soaks was pooled 
and filtered; the bulk of the ether was distilled, and 
the residue was t rans fe r red  to a small flask with 
solvent. This was blown off with nitrogen. In  this 
fashion an average of 0.25 g. per  day per  subject 
could be obtained. (For  variat ion of fa t  yield among 
individuals and other details on the method, see 
[2].) Aliquots of some samples f rom individuals 
were analyzed for other investigations. The re- 
mainder  was pooled into two larger  samples. One of 
these, 11.71 g., was collected f rom 11 white males, 
ages 22 to 35 years, and the other 9.19 g., f rom 4 
white females, also ages 22 to 35 years. 

In  the second method of obtaining hair  fat,  hair  was 
collected f rom prisoners who shampooed their  heads 
with soap the day  before their  hair  was cut. The cut 
hair  was then put  directly into a bottle containing 
petroleum ether and stored unti l  a large enough 
sample could be accumulated. The fa t  was extracted 
f rom the hair  in the bottle with anhydrous  ethyl 
ether. The solvent was replaced daily with a fresh 
batch of ether, and the mixture  was allowed to stand 

overnight on a warm oven so that  mild refluxing 
occurred. Each extract  was filtered, and the fa t  was 
recovered as described above. Extract ions  were con- 
t inued unti l  less than  1% of the weight of the total  
accumulated fa t  was obtained. In  this fashion a 
sample of 7.75 g. was collected, requir ing some 12 
batch extractions. 

In  both methods every a t tempt  was made to avoid 
contaminat ion with extraneous oils and greases. Bet ter  
control was obtained in this regard  by the first 
method. Also, because of the completeness of the 
removal  of the surface fa t  each day  by  this method, a 
sample free of oxidation products  and more constant 
in composition could be obtained. 

Separation of Free Fatty Acids and the Different 
Ester Fractions. A schematic summary  of the sepa- 
rations per formed is given in F igure  1. The free 

T A B L E  I 

T h e  A u a l y s i s  of  A d u l t  H u m a n  H a i r  Fa t .  

F a t  o b t a i n e d  by 

S u b s t a n c e  

( m a l e )  
1 1 , 7 1  g'. 

% 
1. F r e e  f a t t y  a c i d s  i 3 0 . 7  
2.  T " " . . . . . . . . . . . . . . . . . . . .  I 6 7 . 6  

S a t ~ l r a t e d  h y d r o c a r b o n s  . . . . . . . . . . . . . . . . .  0 . 5 5  
. o ra l  n e u t r a l  f a t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  [ 

S q u a l e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 9  
5~ T o t a l  s t r a i g h t ,  a n d  b r a n c h e d  [ 

c h a i n  m a t e r i a l  a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 2 . 6  
6.  S t [~a igh t  c h a i n  w a x e s  . . . . . . . . . . . . . . . . . . . . .  1 6 . 6  
7. B r a n c h e d  c h a i n  ma t t e l -  " . . . . . . . . . . . . . . .  5 .1  
8.  S t e r o l  e s t e r s  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 2 . 3 7  
9.  T r i g l y c e r i d e s  e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9 . 5  2 6 . 6  

10.  F r e e  s t e r o l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  }.... 1 4 0  1 . 4 0  
11 .  T o t a l  d i  a n d  m o n o - g l y c e r i d e s '  . . . "  7 . 7  1 0 . 0  

1 - m o n o g l y c e r i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . .  ~.~ . . . . . .  1 .5  
12.13 . . . . . . .  U n i d e n t i f i e d  m a t t e  . . . . . . . . . . . . . . . . . . .  / 8 . 6  I 1 3 . 9  

] ] 
l~a t io  o f  f r e e  to  e s t e r i l i e d  I 
s t e r o l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 7  ~ 0 . 9 3  

P o o l e d  
S c a l p  s o a k s  c u t  h a i r  

e x t r a c t s  

( f e m a l e )  ( m a l e )  
9 . 1 9  g. 7 . 7 5  g .  

% 
2 3 . 2  
7 4 . 8  

0 . 5 5  
7 . 6  

2 2 . 9  
1 2 . 2  b 

5 .8  
2 . 5 0  

% 
5 6 . 1  
4 1 . 6  

3 .7  
6 .8  

1 2 . 3  
8 . 0  
3 , 7  
2 . 3 3  
5 .5  
5 . 2 4  
2 . 9  

7 .1  

0 . 4 4  

a E l u a t e  I I I ,  see  t ex t .  
b S o m e  losses  w e r e  i n c u r r e d  b e c a u s e  of  e x c e s s i v e  h a n d l i n g ' .  See  t ex t .  
c I n c l u d e s  s t e r o l  e s t e r s ,  o t h e r  e s t e r s ,  a n d  o x i d i z e d  s q u a l e n e .  See  t e x t .  

t h e  r e c h r o m a t o g r a p h  of e l u a t e  V .  See  t e x t .  
,1 C o m p u t e d  f r o m  t h e  y i e l d  o f  f r e e  a n d  e s t e r i f l e d  s?~erols p l u s  t h e  N . E .  

of  t h e  m i x e d  a c i d s  f o u n d  f o r  t h e  b r a n c h e d  c h a i n  m a t t e r .  
e E l u a t e  I V  e x c l u s i v e  of  t h e  w a x  a l c o h o l  u n s a p o n i f i a b l e  m a t t e r  com- 

p u t e d  a s  w a x  e s t e r .  
f Elua~te V r e c h r o m a t o g r a p . h e d ,  e x c l u d e s  u n s a p o . n i f i a b l e s .  
g I t e m  2 m i n u s  ( i t e m s  3-]-4'-b. 6 + 8 - ~ 9 ~ - 1 0 - ~ 1 1 ) .  

f a t ty  acids were separated f rom the neutra l  f ract ion 
by dissolving each sample of fa t  in petroleum ether 
and washing successively with 200, 100, 70, and 60 ml. 
of 0.06 N NaOH in 50% ethanol. The last washing 
contained a negligible amount  of f a t t y  acids. The 
basic washings were then pooled and counter-washed 
four  times with petrolemn ether ;  and the la t ter  wash- 
ings were combined with the bulk of the neutra l  
fraction. The aqueous phase was acidified with 6 N 
sulfuric acid and washed four  times with petroleum 
ether. I t  was necessary to re-extract  the acids with 
alcoholic base f rom the petroleum ether solution of 
acids to remove about 1% of the neutra l  components 
which were carried along with the acids. Af ter  such 
a re-extraction the acids gave a negative Liebermann-  
Burchard  test for sterols whereas before the re- 
extract ion this test was fa int ly  positive. Both the 
final petroleunl ether solution of the acids and that  
of the neutra l  fat  were washed twice with water,  and 
the solvent was blown off with nitrogen. Recoveries 
of free f a t ty  acids plus total  neutra l  fat  were ap- 
proximate ly  98% of the original sample weight. 

Before chromatographing the neut ra l  fa t  on silieic 
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INCLUDE INCREASES DUE TO TgE ELEMENTS OF WATER. 

FIG. 1. Schematic Summary of Separations. 
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acid by the adsorption technique, the method was 
first worked out on a synthetic mixture  of substances 
having the same total weight and approximate com- 
position as that  suspected of the human fat, and in 
this way a tentat ive identification of the fractions 
could be made. The synthetic neutral  fat, 8.50 g., 
had the following composition, computed on the basis 
that t h i s n e u t r a l  portion was 70% of a " t o t a l "  fat, 
the remainder being free f a t ty  acids: 0.96% saturated 
hydrocarbons, 15.6% squalene, 12.4% oetadecyl ste- 
arate, 4.94% cholesteryl palmitate, 34.2% tripalmitin,  
and 2.36% free cholesterol. The adsorbent was a 
mixture of 312 g. of silicic acid (Mallinekrodt, 100 
mesh, prepared for chromatography by the method 
of Ramsay and Pat terson) ,  156 g. Celite (Johns-Man- 
ville, No. 545), and 28 g. zinc silicate phosphor (Du 
Pont, No. 609) and formed a column 79 cm. long and 
4.1 cm. in diameter. The phosphor made the adsorbed 
bands somewhat more visible when viewed under  
ultraviolet light, but  this was not found to be too 
useful as the bands smeared out towards the bottom 
of the column. The course of the chromatogram was 
followed mainly by the amount and character of the 
eluate when a large number of small fractions was 
taken. A new solvent was used when a negligible 
amount of fat  was eluted for  a given volume of 
solvent. 

The synthetic fat  mixture could thus be separated 
into the following eluates: I. saturated hydrocarbons 
eluted with petroleum ether;  II.  squalene eluted with 
4% benzene in petroleum ether;  I I I .  cholesteryl pal- 
mitate plus octadecyl stearate eluted with 20% ben- 
zene in petroleum ether (The early fractions of this 
eluate were negative to the Liebermann-Burchard 
test, thus showing a part ial  separation of the octa- 
decyl stearate f rom the cholesteryl pahnitate.)  ; IV. 
t r ipalmit in in 90% yield (no free cholesterol present) 
eluted with benzene; and V. the remaining tripal- 
mitin with free cholesterol eluted with absolute ether. 

Each of the three human neutral  fat  samples was 
then chromatographed, using the same column, ad- 
sorbents, and solvents. Eluates corresponding to I, 
II ,  I I I ,  IV, and V were taken as well as VI, a meth- 
anol eluate following V. Nothing fur ther  was done 
with eluates I and II. 

Eluate  I I I  was separated into a straight and 
branched chain portion by urea adduct  formation as 
previously described (5). There appeared a faint,  
but definite L i e b e r m a n n - B u r c h a r d  test on the 
" s t r a igh t  cha in"  portion even af ter  the lat ter  was 
subjected to repeated adduct formation. An improve- 
ment in the separation was effected by first dissolving 
the mixture to be adducted in enough petroleum ether 
so that  af ter  urea saturated in methanol was added 
to this, there still remained a petroleum ether phase, 
e.g., 1 g. of fat  dissolved in 30 ml. petroleum ether 
and 45 ml. urea saturated in methanol added to this. 
Pract ical ly all the fa t  then either was adducted with 
urea and precipitated or else remained in the pe- 
troleum ether phase; less than 1% remained in the 
methanol phase. Even with this technique however 
sterol esters to the extent of a maximum of 0.6% of 
the weight of the straight chain waxes co-precipitated 
(see below). The straight chain waxes were recovered 
from the adduet  by decomposing the lat ter  with ap- 
proximately 0.05 N HC1, taking up the released fat  
with petroleum ether, then washing with water, and 
blowing off the solvent with nitrogen. The straight 

chain material, " w a x  esters ,"  was a white, waxy 
semi-solid substance. The non-adducting material in 
the petroleum ether phase, "b ranched  chain esters ,"  
was washed with water to remove any urea, and the 
solvent was blown off with nitrogen. This fraction, 
which contained the sterol esters and other material, 
was a brownish, somewhat viscous oil f rom which a 
solid, too small in amount to work up, was precipi- 
tated.* The total recovery of straight and branched 
chain material  for  the improved procedure was of the 
order of 95%, except for the fat  sample from females 
where some losses were incurred in developing the 
procedure. 

Eluate  IV consisted of more than 90% triglyeerides 
(see below). No fur ther  purification was attempted. 
Eluate  V contained a small amount of triglycerides, 
free cholesterol, and di- and mono-glycerides. These 
were separated in this order by rechromatographing 
on silicic acid. The conditions for this chromatogram 
were the same as those used for the total neutral  fat  
except that  the column, although the same length, 
was much smaller in diameter. Separation of the tri- 
glycerides f rom free cholesterol was done by eluting 
with a large volume of benzene. With it the tri- 
glycerides, the free cholesterol, and the first fract ion 
of mixed di- and mono-glyeerides were eluted with 
little overlapping of the three fractions. Three more 
fractions of mixed di- and mono-glycerides were then 
taken with eluents varying from 25% ethyl ether in 
benzene to pure ether. The lat ter  fractions of this 
mixture  were richer in 1-monoglycerides as discussed 
below. The free cholesterol was fu r the r  purified and 
quanti tat ively determined by precipitation wi th  digi- 
tonin in the usual manner. 

Eluate  VI was a yellow viscous material consti- 
tu t ing about  0.4% of the total fat. Nothing fur ther  
was done with it. The total recovery for all six eluates 
was 96.5' to 98% of the neutral  fat. 

Characterization of the Va,rio~ts Ester Fra.ctions. 
The general procedure for ident i fying and charac- 
terizing the different ester fractions was to saponify 
an aliquot of each, take neutralization equivalents and 
iodine values of the acids released, chromatograph 
the unsaponifiable matter,  and fur ther  characterize 
the alcohols by  infrared spectra. ~Iolecular weights 
and infrared spectra were also taken of the esters. 
Periodic acid oxidation was performed on the mixed 
mono- and di-glyceride fractions to determine the 
presence of 1-monoglyeerides. 

The saponifications were performed with 10% 
K O H  in 95% alcohol, using a 10-fold excess of base. 
The reaction mixture was refluxed for 2 hrs. under a 
nitrogen atmosphere, a f te r  which the mixture was 
diluted with water. The unsaponifiable mat ter  was 
separated from the fa t ty  acid salts with petroleum 
ether, and the acids were recovered by the double 
extraction procedure in much the same manne~" used 
to separate the free acids of the fa t  from the neutral  
fraction. 

Some unsaponifiable mat ter  was obtained from 
every ester saponification including the triglyeerides. 
These unsaponifiable fractions were chromatographed 
on alumina, Broehmann Grade II,  as previously de- 
scribed (9).  Elut ing solvents were 10% ether in 
petroleum ether (which eluted one of the oxidized 
squalene products) ,  25% ether in petroleum ether 
(which eluted the wax alcohols), and 100.% ether 
(which eluted the sterols). 
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N e u t r a l i z a t i o n  e q u i v a l e n t s  w e r e  d e t e r m i n e d  on  all 
t h e  d i f f e r e n t  a c i d  s p e c i m e n s  b y  t i t r a t i n g  a 5 0 %  alco-  
ho l i c  s o l u t i o n  of  t h e  a c i d  w i t h  0.02 N N a O H ,  u s i n g  
m e t a c r e s o l  p u r p l e  a s  i n d i c a t o r .  T w o  or  m o r e  t i t r a -  
t i o n s  w e r e  m a d e  f o r  each  s p e c i m e n  so t h a t  t h e  m a x i -  
m u m  d e v i a t i o n  of  t h e  v a l u e s  r e p o r t e d  w a s  --+2.0% 
a n d  t h e  a v e r a g e  d e v i a t i o n  - + 0 . 5 % .  

T h e  i o d i n e  v a l u e s  w e r e  d e t e r m i n e d  b y  t h e  m e t h o d  
of  B e n h a m  a n d  K l e e  ( 1 ) ,  w i t h  m a x i m u m  d e ¢ i a t i o n  
f o r  d u p l i c a t e  t i t r a t i o n s  b e i n g  - + 1 . 0 %  a n d  t h e  a v e r a g e  
d e v i a t i o n  -+ 0.25 %.  

I n f r a r e d  s p e c t r a  ( P e r k i n  a n d  E l m e r ,  M o d e l  21, 
S p e c t r o p h o t o m e t e r )  w e r e  t a k e n  of  t h e  v a r i o u s  e s t e r s  
a n d  a l coho l s  b o t h  as t h e  so l id  f ihns  a n d  as  a 1 0 %  solu-  
t i o n  ( b y  w e i g h t )  i n  CCI~ a n d / o r  CHC13, a n d  t h e s e  
w e r e  c o m p a r e d  w i t h  s p e c t r a  of  k n o w n  s u b s t a n c e s .  

M o l e c u l a r  w e i g h t s  w e r e  p e r f o r m e d  b y  t h e  R a s t  
m e t h o d ,  w i t h  c y c l o p e n t a d e c a n o n e  as t h e  so lven t .  The  
m e t h o d  g a v e  a n  e r r o r  o f  a p p r o x i m a t e l y  6 %  of  t h e  
m o l e c u l a r  w e i g h t  w i t h  k n o w n  s i m i l a r  e s t e r s .  

B e s i d e s  t h e  e l u t i o n  of  e a c h  t y p e  o f  e s t e r  in  t h e  
s i l ic ic  a c i d  c h r o m a t o g r a m  of  n e u t r a l  f a t  a t  a p o i n t  
c o m p a r a b l e  w i t h  t h e  c h r o m a t o g r a m  of  k n o w n  m a -  
t e r i a l s ,  t h e  f o l l o w i n g  e v i d e n c e  is p r e s e n t e d  f o r  t h e  
i d e n t i f i c a t i o n  of  each  t y p e  of  e s t e r :  

1. Triglycerides.  The infrared spectrum of eluate IV was 
practically identical to that  of pure tristearin. In addition to 
the two characteristic vibrations of the ester group, C - -  0 
stretching vibration at 1735 cm. -~ and C - -  O stretching at 
1168 era. -~, there was present a vibration at 1120 era. -~, indi- 
eating the secondary C - -  O bond of glycerol. The molecular 
weight was 846 ~ 51. The theoretical molecular weight of a 
triglyceride having the neutralization equivalent of the acids 
derived from this material (N.E. = 262) is 824. Saponification 
gave 92% of the acids theoretically required, and the un- 
saponifiable matter recovered was 8.5% of the starting weight 
of triglyeerides. Infrared spectra of the chromatographed 
fractions of the unsaponifiable matter (on alumina) showed 
that  a maximum of 70% of it was prim~try alcohols. Half  of 
these alcohols could be adducted with urea. These alcohols 
could have been present in the original material as free alco- 
hols (since it is our experience that the wax alcohols, too, are 
eluted from silicic acid with benzene), or as esters, or as a 
mixture of free and esterified alcohols. I f  all the wax alcohols 
which could be adducted with urea were as free alcohols in the 
original fat,  we would have, as a maximum, 0.7% free wax 
alcohols in the total fat. I f  all the primary alcoholic material 
were esterified in the original fat,  then, on saponification of 
our triglyceride fraction, acids released from these esters would 
contaminate the acids of the triglyceride. I f  we assmue a 
molecular weight of 260 for these contaminating acids, we 
would get, as a maximum contamination of the acids isolated 
from the triglycerides, 3% of their weight derived from acids 
of the waxes and 3% from acids of unknown origin. 

In unpublished work done with Hans Ernst  the aqueous 
phase from the saponification of hair fat  (obtained from scalp 
soaks) was investigated for other 1,2-diols than glycerol. 
Analysis for glycerol by a) oxidation of the neutralized aqueous 
phase with HIO, and t i trat ing of the released formic acid 
with standard base, and b) t i t rat ing of the consumed HIO, 
iodometrically gave identical results. This shows that  no other 
1,2-diols but glycerol are present (4). 

2. Mono- and di-Glyeeriaes. The last four fractions from tile 
rechromatographed eluate V were examined for eli- and 1- 
mono-glycerides. No attempt was made to analyze for 2- 
monoglycerides. An infrared spectrum of the first of these 
could nearly be superimposed on that  of pure 1,3-distearin. 
Besides the vibrations characteristic of esters, namely, those 
at 1735 cm. -~ and 1168 cm. -~ and besides the vibration at 1120 
em. -~ of the secondary O - - 0  group of glycerol, this substance 
showed the presence of a free OH group by virtue of its absorp- 
tion at 3500 em. -~. 

Each of the four fractions was then analyzed for 1-mono- 
glycerides by periodic acid oxidation according to the method 
of Pohle et al. (13). The method was tested with pure glycerol. 
The four fractions gave respectively 5.5, 13.9, 28.6, and 49.6% 
1-monog]ycerides, making the total content 15% for the entire 
mixed glyceride eluate. 

The molecular weight of the second of these fractions was 
563-+-34, which is within range of experimental error, and 
500__+ 30 for the third fraction. The latter is somewhat low, 
but other lo~-er molecular weight substances, e.g., 2-mono- 
glycerides probably present, and unsaponifiable matter known 
to be present, could account for this. Saponification of an 
aliquot of t,~e entire eluate V before rechromatography gave 
11.1% unsaptnifiables a~d 92% of the acids expected. Chroma- 
tography of the unsaponifiables on alumina yielded 45% sterols 
(presumably free cholesterol) and some oils which had the 
odor of oxidized squalene. At worst, it is estimated that  the 
acids isolated from the mixed glycerides could be contaminated 
with acids from other esters to the extent of 5%. I t  is quite 
conceivable that  this entire fraction was an art ifact  arising 
from chemical manipulations, e.g., by hydrolysis of the tri- 
glycerides from the base used in separating the free fa t ty  acids 
from the neutral fat,  and/or  by hydrolysis on the silieic acid 
column. To rule out these possibilities a portion of the trigly- 
cerides of eluate I ¥  was worked up again as if it were whole 
hair fat.  i.e., shaken with base and chromatographed on silicie 
acid. All materials were used in proportionally smaller quan- 
tities. Some tailing of material to the extent of 2.7% of the 
triglycerldes did occur in that  portion of the chronmtogram 
corresponding to the mixed mono- and diglycerides. For the fat  
s'Nnple from females this means that, since 26.6% was tri- 
glyceride, a maximum of only 0.72% of the total fa t  could be 
partially hydrolyzed glycerides arising from chemical manipu- 
lation. But this sample yielded partially hydrolyzed glycerides 
to the extent of 10% of its weight. Thus nearly all of this 
fraction must have come from natural sources. I ts  maximum 
contamination due to chemical manipulations was 7.2%. 

Our findings of such a large fraction of mono- and di- 
glycerides in the surface fa t  from the scalp are at variance 
with the results reported by MacKenna, Wheatley, and Wormall 
in their important work on the analysis of surface fa t  from the 
forearm (7). On the basis of the determination of the acetyl 
number of the total fa t  they report that  the glycerides present 
are almost certainly triglycerides. Such a discrepancy might 
conceivably arise from the fact  that  conditions on the foreaxm 
are not the same as those on the scalp. 

3. Waxes .  The infrared spectrum for the straight chain 
fraction of eluate I I I  was that for a typical long chain ester; 
strong peaks were observed at 1730 cm. -~ and 1170:L There 
was also a weak absorption at 720 cm. -~, indicating the presence 
of four or more CH~ groups in a chain. The wax alcohols re- 
covered after  saponification and chromatography gave a strong 
absorption at 1060 cm. -~ characteristic of primary alcohols. 
The molecular weight of the waxes was 562 ± 34, which is 
within the error of that  required of acids of N.E. 255 and 
alcohols of molecular weight 300 (5). Saponification gave 
theoretical recoveries of acid and alcohol. Chromatography of 
the alcohols on alumina gave 98% wax alcohols and 1.4% 
sterols. Thus the acids from the waxes are estimated to be 
contaminated with 1% acids from sterols. 

4. Branched  Chain Esters .  TMs complex mixture from the 
urea separation contained tile stero] esters. An aliquot was 
saponified to yield 57.4% unsaponifiables and 42.2% acids. 
The ehromatogram of the unsaponifiable on alumina showed 
36% wax alcohol and 46% sterol, a~d, although the remainder 
was unidentified, it had a strong odor of oxidized squalene. 
The wax alcohols from this chromatogram gave the same infra- 
red spectrum as did the main bulk of alcohols from the waxes. 
The spectrum included a strong absorption peak at 720 cm. -~, 
indicating many CIt2 groups in a chain. Thus tbe possibility 
exists that  these alcohols were present because of incomplete 
removal of all of the straight chain waxes. This would then 
mean that  the acids from the saponification of these branched 
chain esters are as much derived from stero]s as they are from 
waxes. The further  probability exists that  lesser amounts of 
acids from unknown esters are also present. 

Discussion of Results 

T a b l e  i g ives  t h e  a n a l y s i s  of  h u m a n  f a t  f o r  a d u l t  
m a l e s  a n d  f o r  a d u l t  f e m a l e s .  C o m p a r i s o n  of  t h e  f r e e  
f a t t y  a c i d  c o n t e n t  w i t h  t h e  t o t a l  g l y c e r i d e  c o n t e n t  
b e t w e e n  s a m p l e s  r e v e a l s  a n  i n t e r e s t i n g  i n v e r s e  re la -  
t i o n s h i p .  F o r  e x a m p l e ,  t h e  f r e e  f a t t y  a c i d  c o n t e n t  
is m u c h  h i g h e r  in  t h e  ease  of  t h e  p o o l e d  cu t  h a i r  t h a n  
i t  is f o r  e i t h e r  of  t h e  t w o  s a m p l e s  f r o m  sca lp  soaks.  
C o n v e r s e l y ,  t h e  t o t a l  a m o u n t  of  g l y e e r i d e s  is con-  
s i d e r a b l y  l o w e r  f o r  t h e  f a t  d e r i v e d  f r o m  c u t  h a i r  t h a n  



S E P T .  1 9 5 6  N I C O L A I D E S  ET  A L . :  E S T E R S  4 0 9  

it is for  fa t  f rom scalp soaks. This same relationship 
holds when one compares the two samples f rom scalp 
soaks with each other, e.g., that  sample which has the 
lower free fa t ty  acid content has the higher glyceride 
content. (A similar relationship was noted earlier 
(9) between the free and the total esterified acids of 
pooled cut hair  compared with those of fa t  from scalp 
wipings with cotton pledgers.) This inverse relation- 
ship, together with the fact  that  there exists in the 
fat  di- and mono-glycerides, suggests that  the free 
fa t ty  acids and di- and mono-glycerides represent 
more or less complete stages of hydrolysis of tri- 
glycerides. 

Table I I  lists neutralization equivalents, and iodine 
values for  various acid and alcohol samples. The con- 

TABLE II 

Neutralization Equivalents and Iodine Values for Various Acids and 
Alcohols from Adult Human  H~ir  Fa t  

Fat  obtained by 

1. Acids 
Free  ................................ 
F rom triglycerides ......... 
F rom di- and mono- 
glyeerides (early) a ........ 
F rom di- and mono- 
glycerides (later) a ....... 
From waxes .................... 
From branched chain 
esters b ............................ 

2. Alcohols (wax)  ............... 

Scalp soaks 

(male) (femMe) 

N.E. I .V. N.E. I .V. 

261 45.3 
262 43.4 

279 52.9 

282 53.6 
255 82.8 

268 78.8 
...... 37.2 

266 44.6 
262 44,9 

255 80.1 

267 75.5 
...... 36.8 

Pooled 
cut  hai r  
extracts 

(male) 

N.E. I .V. 

261 48.3 
269 53.5 

333 ...... 

258 73.4 

263 56.4 
...... 34.3 

a "Ea r ly"  and " la ter"  refer  to first and second half, respectively, of 
the rechromatograph of eluate V. See text. 

b Includes 50% sterol esters. 

stants for  the acids of the triglycerides are much more 
similar to those of the free fa t ty  acids than are those 
of the other acids. This is in accord with the hy- 
pothesis that  the free f a t ty  acids are derived from the 
glycerides by hydrolysis. There is however a signifi- 
cant rise in molecular weight and iodine value in 
going from the tri- to the di- to the mono-glycerides. 
The meaning of this is not clear. 

In  Table I I  are more data regarding the general 
question as to whether there is any preferential  esteri- 
fication of the acids by the different alcoholic groups. 
The acids from the waxes are of slightly lower mole- 
cular weight and are definitely more unsaturated than 
are those from the triglycerides. Thus some preferen- 
tial esterification of the acids of the hair  fat  does 
occur. The more interesting question as to whether 
the acids with an odd number  of carbon atoms are 
preferent ial ly esterifled is now under  investigation. 

Some final comments regarding the over-all analysis 
of human hair  fat  can also be made. Excluding the 
differences arising from the relationship between 
glyceride and free fa t ty  acid content, the analysis of 
the hair  fat  of adult  males is very similar to that  of 

adult  females. The very low value for the saturated 
hydrocarbon content in the bet ter  controlled samples 
from scalp soakings is consistent with the feeling 
among workers in this field that  these are not endoge- 
nous (3, 8, 11, 14). ( In  unpublished analyses of hair  
fat  where extremely rigid control against contamina- 
tion was made, the saturated hydrocarbon content 
dwindled to a mere 0.1%.) Except  for  the high value 
for the free sterol content in the analysis of the fat  
from cut hair  ( for  which we have no explanation),  
the analysis of this fat  is very  similar to that  com- 
puted from earlier data (9). The difference in the 
over-all analysis of fa t  derived from cut hair  extracts 
with fa t  derived from scalp soakings may reflect dif- 
ferences inherent in the manner  of collecting samples. 

Summary 
A study was made of the hair fa t  composition of 

human adults with special reference to its ester con- 
tent. Waxes, triglycerides, and a mixture of menu- 
and di-glycerides were isolated and chareterized. In- 
direct evidence is presented that the free acids of hair  
fat  are derived from lipolysis of triglyccrides. Some 
preferential  esterification of some kinds of fa t ty  acids 
as glycerides and others as waxes was observed. No 
significant differences could be observed in the analy- 
sis of the hair fa t  of adult  males compared with that  
of adult  females of the same age group. 
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