
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Analysis of Free Fatty Acids on the Fingertips by High Performance Liquid
Chromatography
Norman E. Bussell D.D.S., M.S., Ph.D.a; Arthur Gross D.D.S., M.S.a; Robert A. Miller B.S.a
a Division of Oral Biology, U. S. Army Institute of Dental Research Walter Reed Army Medical Center,
Washington, D. C.

To cite this Article Bussell D.D.S., M.S., Ph.D., Norman E. , Gross D.D.S., M.S., Arthur and Miller B.S., Robert A.(1979)
'Analysis of Free Fatty Acids on the Fingertips by High Performance Liquid Chromatography', Journal of Liquid
Chromatography & Related Technologies, 2: 9, 1337 — 1365
To link to this Article: DOI: 10.1080/01483917908060142
URL: http://dx.doi.org/10.1080/01483917908060142

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483917908060142
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 2 ( 9 ) ,  1337-1365 (1979)  

ANALYSIS OF FREE FATTY ACIDS ON THE FINGERTIPS 

BY H I G H  PERFORMANCE L I Q U I D  CHROMATOGRAPHY 

Norman E .  Busse l l ,  D.D.S., M.S., Ph.D. 
Arthur Gross, D.D.S., N.S. 

Robert A.  Miller, B.S. 
Divis ion o f  Oral Biology 

U .  S .  Army I n s t i t u t e  of Dental Research 
Walter Reed Army Medical Center  

Washington, D .  C .  20012 

ABSTRACT 

This  i n v e s t i g a t i o n  s t u d i e d  t h e  e f f i c i e n c y  o f  h igh  p e r f o r -  
mance l i q u i d  chromatography i n  t h e  de te rmina t ion  o f  f r e e  f a t t y  
a c i d s  present  on t h e  f i n g e r t i p s ,  and assessed  t h e  q u a n t i t a t i v e  
r e l a t i o n s h i p  between s k i n  fat t :y  a c i d s  and t h e  degree o f  microbia l  
contaminat ion.  Automated s u r g i c a l  s c r u b  was u t i l i z e d  t o  e l i m i -  
n a t e  t h e  microbia l  contaminat ion.  

The h igh  performance l i q u i d  chromatography provided  e x c e l -  
l e n t  s e p a r a t i o n  o f  s k i n  f a t t y  a c i d s  f o r  e v a l u a t i o n  wi th  t h e  
b a c t e r i a l  counts .  The f a t t y  a c i d  peaks i d e n t i f i e d  ranged i n  
chain l e n g t h  from C12  through C32. 
a t e d  showed p o s i t i v e  c o r r e l a t i o n  wi th  t h e  b a c t e r i a l  counts  wi th  
t h e  except ion  of one a c i d  which had an i n v e r s e  r e l a t i o n s h i p  but  
none were s t a t i s t i c a l l y  s i g n i f i c a n t .  F i n a l l y ,  t h e  s u r g i c a l  
sc rub  chromatograms showed t h a t  t h e  s t r a i g h t  chain a c i d s  C19 and 
C 2 1  were lower i n  c o n c e n t r a t i o n  t h a n  C23 and C25; a l s o ,  C26 was 
lower i n  concent ra t ion  than  C28  and C30. 

been shown t o  be b a c t e r i o s t a t i c  in W&O do n o t  demonstrate  t h e  
same p r o p e r t y  on t h e  f i n g e r t i p s .  The f i n d i n g  o f  lower concent ra -  
t i o n  of C19, C 2 1 ,  and C26 than  longer  cha in  a c i d s  i s  i n c o n s i s t e n t  
with s imple two carbon a d d i t i o n ,  and i n d i c a t e s  t h e r e  i s  p o s s i b l e  
branching a t  t h e s e  p o i n t s  i n  metabol ic  pathway o f  f a t t y  a c i d  
s y n t h e s i s  . 

A l l  t h e  f a t t y  a c i d s  eva lu-  

I t  was evident  from t h e  d a t a  t h a t  f a t t y  a c i d s  which have 
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1338 BUSSELL, GROSS, AND MILLER 

INTRODUCl ION 

For some time it has  been apparent  t h a t  c e r t a i n  i n d i v i d u a l s  

have h ighcr  b a c t e r i a l  counts  on t h e i r  hands than  o t h e r s .  This  

observa t ion  c o r r e l a t e s  with t h e  f i n d i n g s  o f  an a n t i m i c r o b i a l  

agent found t o  be p r e s e n t  on t h e  s k i n  ( 1 - 3 ) .  This  agent  has  

been c h a r a c t c r i z e d  as l i p i d  i n  n a t u r e ,  but i t s  s p e c i f i c  chemical 

s t r u c t u r e  h a s  no t  been e l u c i d a t e d .  The major  l i p i d  c l a s s  which 

has bcen i n v e s t i g a t e d  most ,  i n  r e s p e c t  t o  i ts  a n t i m i c r o b i a l  

p r o p e r t i e s ,  i s  t h c  f r e e  f a t t y  a c i d s  (FFA). As e a r l y  a s  1943, 

Bergeim et d. ( 4 )  suggested t h a t  f a t t y  a c i d s  might p l a y  an 

a n t i m i c r o b i a l  r o l e  on t h e  s k i n .  La tcr  work by Kabara e,% d. (5) 

showed l a u r i c  a c i d  t o  be a c t i v e  a g a i n s t  gram p o s i t i v e  micro-  

organisms .i~ V&U. 

I n v e s t i g a t i o n s  of t h e  FFA p r e s e n t  on t h e  s k i n  a r e  compli- 

c a t e d  because of  t h e  d i f f i c u l t y  i n  i d e n t i f y i n g  t h e i r  t r u e  source .  

These a c i d s  can be der ived  from sebum t r i g l y c e r i d e s ,  stratum 

corneum c e l l s  of t h e  ep idermis ,  and t h e  b a c t e r i a  p r e s e n t  on 

s k i n .  Furthrrmore,  t h e  v a r i a t i o n  i n  p o s i t i o n  of  u n s a t u r a t i o n  

wi th in  a s i n g l e  f a t t y  a c i d  and v a r i a t i o n s  i n  cha in  branching a s  

d iscussed  by Nicola ides  (6) provide  t e c h n i c a l  d i f f i c u l t i e s  i n  

t he  s e p a r a t i o n  o f  FFA. 

Previous s t u d i e s  (6-10) on f a t t y  a c i d  composition of t h e  

s k i n  have u t i l i z e d  e i t h e r  g a s - l i q u i d  chromatography (GLC) o r  

t h i n  l a y e r  chromatography f o r  both q u a l i t a t i v e  and q u a n t i t a t i v e  

a n a l y s i s .  Recent ly ,  Borch (11) and J o r d i  ( 1 2 )  demonstrated 
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FREE FATTY ACIDS ON THE FINGERTIPS 1339 

improved chromatographic s e p a r a t i o n  of  f a t t y  a c i d s  on r e v e r s e  

phase h igh  p r e s s u r e  l i q u i d  chromatography (IIPLC). Busse l l  eX d. 

(13) r e p o r t e d  i n c r e a s e d  s e n s i t i v i t y  o f  W d e t e c t i o n  i n  G L C ,  and 

Miller and Busse l l  (14) descr ibed  t h e  c l o s e  q u a n t i t a t i v e  c o r r e l a -  

t i o n  between CLC and HPLC r e s u l t s .  

This  i n v e s t i g a t i o n  was undertaken t o  s tudy  t h e  e f f i c i e n c y  

o f  HPLC i n  t h e  de te rmina t ion  o f  FFA on t h e  f i n g e r t i p s  and t o  

a s s e s s  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  r e l a t i o n s h i p  between FFA 

and t h e  degree o f  microbia l  contaminat ion on t h e  s k i n  o f  f i n g e r -  

t i p s .  

MATERIALS AND METHODS 

Sample C o l l e c t i o n  

P r i o r  t o  sample c o l l e c t i o n ,  b a c t e r i o l o g i c a l  c u l t u r e s  o f  t h e  

f i v e  f i n g e r t i p s  were obta ined  by touching  t h e  s u r f a c e  o f  blood 

a g a r  p l a t e s .  Following incubat ion  a t  37C f o r  48 hours ,  colony 

forming u n i t s  (CFU) o f  bac te r i . a  were counted.  In c a s e s  o f  heavy 

o r  conf luent  growth, counts  of 50 CFU p e r  f i n g e r t i p ,  o r  a t o t a l  

o f  250 a s  a maximum, f o r  f i v e  f i n g e r t i p s  were recorded .  The 

b a c t e r i a  were n o t  i d e n t i f i e d .  

Samples f o r  f a t t y  a c i d  a n a l y s i s  were c o l l e c t e d  from t e n  

i n d i v i d u a l s  by swabbing each of  t h e  f i v e  f i n g e r t i p s  of one hand 

with s e p a r a t e  c o t t o n  p l e d g e t s  dipped i n  ace tone .  

p l e d g e t s  were p l a c e d  i n  a v i a l  c o n t a i n i n g  1 0  m l  of a c e t o n e .  

The f i v e  c o t t o n  

In  o r d e r  t o  o b t a i n  samples t h a t  minimized t h e  c o n t r i b u t i o n  

of  b a c t e r i a  t o  t h e  l e v e l s  of  FFA on t h e  f i n g e r t i p s ,  a second 
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1340 BUSSELL, GROSS, AND MILLER 

experiment was c a r r i e d  out  i n  which f o u r  i n d i v i d u a l s  scrubbed 

t h e i r  hands f o r  90 seconds u t i l i z i n g  t h e  Hand and A r m  Washer 

developed a t  t h e  United S t a t e s  Army I n s t i t u t e  of  Dental Research 

and descr ibed  elsewhere (15-17). T h i s  procedure has  been shown 

t o  produce a 97.2% reduct ion  i n  t h e  microbia l  counts  on t h e  

hands. 

Immediately a f t e r  s c r u b ,  a f i n g e r t i p  impression c u l t u r e  of  

t h c  l e f t  hand was obta ined  and t h e  d r i e d  r i g h t  hand was p laced  

i n  a s t e r i l e  s u r g i c a l  glove t o  a l low f o r  t h e  endogenous produc- 

t i o n  of  l i p i d s  t o  occur  without  concurren t  microbia l  r e c o l o n i z a -  

t i o n  on t h e  hand. After t h r e e  hours  t h e  s u r g i c a l  glove was 

removed and t h e  l i p i d  samples were c o l l e c t e d .  

Sample Prepara t ion  

The c o t t o n  p l e d g e t s  were removed from t h e  v i a l s  and t h e  ace-  

tone  divided i n t o  two equal  a l i q u o t s .  Each a l i q u o t  was taken  t o  

dryness  under a g e n t l e  stream of n i t r o g e n .  Label ing of  t h e  FFA 

by phenylacyl  e s t e r  groups was done by adding 1 m l  of  dimethyl 

formamide (DMF) (Burdick and Jackson L a b o r a t o r i e s ,  L . C .  g rade)  

conta in ing  30 pmoles of  c a t a l y s t  (N ,N-diisopropylethylamine) 

(Aldrich Co.) and 15 pmoles of W Tag (a-bromo-m-methoxyaceto- 

phenone) (Pfa tz  Bauer) t o  one sample, s e a l i n g  i n  a r e a c t i o n  v i a l  

and h e a t i n g  f o r  60 minutes  i n  a 60C water  b a t h .  After c o o l i n g ,  

t h e  sample was f i l t e r e d  through a 0 . 5  ym Fluoropore f i l t e r  

(Mi l l ipore  Corp . ) .  The second sample was hydrogenated by adding 

10 m l  of  methanol and 20 mg of  p la t inum oxide  and t h e  mixture  

p l a c e d  i n  a Micro-Hydrogenator (Supelco) . The r e a c t i o n  v e s s e l  
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FREE FATTY ACIDS ON THE FINGERTIPS 1341 

was p r e s s u r i z e d  t o  10 p s i  wi th  hydrogen and t h e  c o n t e n t s  s t i r r e d  

f o r  45 minutes .  The mixture  was removed, f i l t e r e d ,  and evapo- 

r a t e d  t o  dryness .  The sample was then  tagged as d e s c r i b e d  above. 

Chromatographic Separa t ion  

An a l i q u o t  of t h e  sample was i n j e c t e d  i n t o  a High P e r f o r -  

mance Liquid Chromatograph (Model 244, Waters Assoc ia tes )  

equipped with a so lvent  programmer. The s e p a r a t i o n  was c a r r i e d  

out  on two p-Bondapak C18 r e v e r s e  phase columns i n  series wi th  a 

t o t a l  p l a t e  count of  g r e a t e r  than  10,000. The columns were 

p laced  i n  a h e a t i n g  j a c k e t  a t  38C t o  main ta in  c o n s i s t e n c i e s  

w i t h i n  t h e  chromatograms. The f a t t y  a c i d s  were e l u t e d  u s i n g  an 

a c e t o n i t r i l e / w a t e r  system (Burdick and Jackson) programmed from 

40/60 t o  100/0 p e r c e n t  dur ing  a t h r e e  hour  p e r i o d  u s i n g  curve  

f i v e  on t h e  s o l v e n t  programmer. The chromatograms were con- 

t i n u e d  f o r  one hour af ter  f i n a l  c o n d i t i o n s  had been reached .  

I d e n t i f i c a t i o n  o f  F a t t y  Acids 

The f a t t y  a c i d s  were t e n t a t i v e l y  i d e n t i f i e d  by comparison 

times of t h e  unknown peaks wi th  t h o s e  o f  s t a n d a r d s  (Supelco; 

A l l t e c h ;  Analabs) .  The hydrogenat ion chromatogram was u t i l i z e d  

t o  confirm whether t h e  peaks were u n s a t u r a t e d  o r  s a t u r a t e d .  

S t a t i s t i c a l  Methods 

Linear  r e g r e s s i o n  c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  

as descr ibed  elsewhere (18) wi th  p<O.O5 taken  a s  t h e  minimal 

l e v e l  o f  s t a t i s t i ca l  s i g n i f i c a n c e .  
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1342 BUSSELL, GROSS, AND MILLER 

IWSULTS 

F ig .  1 shows examples of t h e  IlPLC chromatograms o b t a i n e d .  

The FFA which were i d c n t i f i e d  ranged from C 1 2  through C 3 2  i n  

chain length  and more than  40  i n d i v i d u a l  peak,s wcre seen above 

C 1 2 .  ‘l‘he t o t a l  f r ec  f a t t y  a c i d  c o n c e n t r a t i o n  w a s  c a l c u l a t e d  by 

suinmation of t h e  pcnk h e i g h t s  of t h e  f a t t y  a c i d s  i n  t h e  chromato- 

grants and a r e  l i s t e d  i n  Table  1 along wi th  t h e  b a c t e r i a l  counts  

observed on t h e  f i n g c r t i p s .  Rcgression a n a l y s i s  was done on t h e  

c o r r e l a t i o n  between CFU and t o t a l  FFA shown i n  Table 1. There 

was a p o s i t i v e  c o r r e l a t i o n  (r = + 0 . 4 7 ) .  Ind iv idua l  10 was el i m i -  

n a t e d  from t h e  c o r r e l a t i o n  c o e f f i c i e n t  c a l c u l a t i o n  due t o  t h e  

d iscrepancy  i n  pnlrni t ic  a c i d  peak, as a r e s u l t  of  be ing  both  a 

Candida and StaphyLocucc~m auheud c a r r i e r .  

l a t i o n  c o e f f i c i e n t  was not  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  0 .95 con- 

f i d e n c e  l e v e l  and t h u s  t o t a l  FFA d i d  not  appear t o  be r c l a t e d  t o  

b a c t e r i a l  counts .  For s i m p l i f i c a t i o n  of d a t a  p r e s e n t a t i o n ,  t h e  

f a t t y  a c i d s  were d iv idcd  i n t o  major ,  minor, and t r a c e .  The 

d i v i s i o n s  were a r b i t r a r i l y  based on c o n c e n t r a t  i o n .  The major 

f a t t y  a c i d s  observed were l a u r i c  ( C 1 2 : 0 ) ,  m y r i s t i c  ( C 1 4 : 0 ) ,  

p a l m i t i c  (C16:0), o l c i c  ( C 1 8 : l A 9 ) ,  and s t e a r i c  ( C 1 8 : O ) ;  t h e i r  

pcak h e i g h t s  are shown Table  2 .  As seen i n  F ig .  1 t h e r e  were 

s e v e r a l  o t h e r  C 1 8 : l  f a t t y  a c i d s  i n  a d d i t i o n  t o  o l e i c  a c i d .  These 

were l a b e l e d  as C 1 8 : l  wi th  no i n d i c a t i o n  as t o  t h e  p o s i t i o n  of 

t h e  u n s a t u r a t i o n .  

[{owever, t h i s  c o r r e -  

The minor f a t t y  a c i d s  p r e s e n t  were p a l m i t o l e i c  (Clh:lA9), 

l i n o l e i c  (C18:ZA9* 12), pcntadecanoic  (C15:0), and heptadecanoic  
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1346 BUSSELL, GROSS,  AND MILLER 

TABLE 1 

BACTERIAl, COUNTS (CFU) ANU 'I'UIAL FREE FATTY A C I D  

ON TI11 SKIN OF FINGLRTII'S 

ct.'";l Tota l  Free  F a t t y  
Acid Conc en t r a t  ionb 

1 

2 

3 

4 

5 

(i 

7 

8 

9 

1 0  

100 

88 

250 

250 

103 

250 

250 

63 

26 

45 

1240 

1056 

7.7 5 

1020 

1728 

2511 

2909 

7 36 

978 

2760 

"Colony Forming Uni t s  

'The t o t a l  f ree  f a t t y  a c i d  c o n c e n t r a t i o n  was determined by 
summation of  t h e  peak h e i g h t s  f o r  each i n d i v i d u a l  f a t t y  
a c i d ,  (Tables  2 ,  3 ,  4 , ) .  

TABLE 2 

Major F a t t y  Acids on t h e  Skin of F i n g e r t i p s ,  Peak Height ( 1  mm) 

c12:o C 1 4 : O  C16:O C18:l  C 1 8 : O  

Mean 2 SB 64+16 153+29 457+72 1 5 2 k 3 2  103210 

r c  +O. 36 +O.40 +O. 5 3  +O. 30 +0. 52 

CCorre la t ion  c o e f f i c i e n t  f o r  t h e  r e l a t i o n s h i p  between b a c t e r i a l  
counts and Free F a t t y  Acids. 
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FREE FATTY ACIDS ON THE FINGERTIPS 134 7 

( C 1 7 : O )  (Table 3 ) .  In  a d d i t i o n ,  t h z r e  was 3 peak which had t h e  

same r e t e n t i o n  volume a s  B-hydroxypalmitic a c i d ,  but P-hydroxy- 

p a l m i t i c  a c i d  e l u t e s  a t  t h e  same p o i n t  as 10-methyldodecanoic 

(C13-Oa). S ince  d e l i n e a t i o n  between t h e  two a c i d s  c o u l d  n o t  be  

made a t  t h i s  t i m e ,  t h e  peak was l a b e l e d  a s  30H-C16:O/C13:Oa. 

Also,  12-methyl t e t r a d e c a n o i c  (C15:Oa) was seen and i t s  peak 

h e i g h t  recorded (Table 3 ) .  

Peak  he ight  v a l u e s  f o r  t r a c e  f a t t y  a c i d s  C19 through C32 

a r e  shown i n  Table  4 .  The peaks between t h e  s t r a i g h t  c h a i n  

f a t t y  a c i d s  which could n o t  be i d e n t i f i e d  which are shown i n  t h e  

f i g u r e s ,  were found t o  be  s a t u r a t e d ,  i n d i c a t i n g  e i t h e r  branch 

chain o r  hydroxy f a t t y  a c i d s .  

Tables  2 and 3 show t h e  c o r r e l a t i o n  between t h e  i n d i v i d u a l  

FFA i d e n t i f i e d  i n  each chromatogram and t h e  CFU f o r  each sub- 

j e c t  as l i s t e d  i n  Table  1. A l l  of t h e  f a t t y  a c i d s  showed a weak 

p o s i t i v e  c o r r e l a t i o n  t o  CFU except  f o r  t h e  f a t t y  a c i d  

30H-C16:O/C13:0a (Table 3 )  which showed a n e g a t i v e  c o r r e l a t i o n .  

None o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  i n d i v i d u a l  f r e e  

f a t t y  a c i d s  were s t a t i s t i c a l l y  s i g n i f i c a n t .  

The s u r g i c a l  scrub e l i m i n a t e d  most of  t h e  b a c t e r i a  from t h e  

f i n g e r t i p s  as evidenced by counts  below 10 CFU f o r  each o f  t h e  

f o u r  i n d i v i d u a l s  t e s t e d  (Table 5 ) .  The i n d i v i d u a l  samples from 

f i n g e r t i p s  o f  t h e  gloved hands t h r e e  hours  p o s t s c r u b  y i e l d e d  HPLC 

chromatograms o f  the FFA f o r  each s u b j e c t  which were similar t o  

each o t h e r ,  bo th  q u a n t i t a t i v e l y  and q u a l i t a t i v e l y  (Fig.  2 ) .  The 

major and minor f a t t y  a c i d s  observed were l a u r i c  (C12:0),12- 
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TABLE 5 

BUSSELL, GROSS, AND MILLER 

!. lajor and Minor F a t t y  Acids on t h e  Skin of F i n g e r t i p s  After 
Surg ica l  Scrub, Peak Height (mm) 

c 1 2 : o  C14 :@i C14 : 0 C15 : Oa C 1 5 : O  

Mean i SE 24k4 5+3 8 3 + 4  1 2 k 1  8+ 1 

C 1 G : O  C17:O C1S:O C18:l C L82 

Mean 1 SE 104+13 1321 4 1 i 4  25k5 15+4 

methyl t r i d e c a n o i c  (C14:0i) ,  m y r i s t i c  (C14), 12-methyl t e t r a d e -  

canoic  ( C l S : O a ) ,  pentadecanoic  (C15:0) ,  p a l m i t i c  (C16:0), o l e i c  

(C18:1), l i n o l c i c  ( C 1 8 : 2 ) ,  heptadecanoic  ( C 1 7 ) ,  and  s t e a r i c  

(C18:O)  (Table 5 ) .  Trace f a t t y  a c i d s  above C l 9  were a l s o  noted  

(Fig.  1). However, t h e  i n t e r m e d i a t e  peaks p a s t  C19 observed on 

t h e  prescrub  samples were absent  i n  t h i s  a r e a .  

for t h e  t r a c e  a c i d s  a r e  shown i n  ' l ab le  6 .  

The peak h e i g h t s  

Several  p o i n t s  of  i n t e r e s t  were noted  on examination of t h e  

pos tscrub  chromatograms of  hydrogenated f a t t y  a c i d  samples. The 

peak f o r  12-methyl t e t r a d e c a n o i c  (C15:Oa) increased  two t o  f o u r -  

f o l d ,  o r  approxirnatcly equal  t o  t h e  pentadecanoic  a c i d  peak 

( C 1 5 : O )  (Fig.  3 ) .  In t h e  t r a c e  f a t t y  a c i d  group,  t h e  C 2 3  and 

C2S f a t t y  a c i d s  were u s u a l l y  h igher  i n  concent ra t ion  than  t h e i r  

p r e c u r s o r s  C19:@ and C 2 1 : O .  Behenic a c i d  (C22) usually e x h i b i t e d  

t h e  h ighes t  conccnt ra t ion  of  any of t h e  t r a c e  f a t t y  a c i d s  

(Tables 3 and 5 ) .  F i n a l l y ,  t h e  C26:O f a t t y  a c i d  was lower i n  

concent ra t ion  than  C2S:O and C30:O. 
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1358 BUSSELL, GROSS, AND MILLER 

D I SCUSS I ON - --- 
Although t h e  prescrub  t o t a l  f r c c  f a t t y  a c i d  c o n c e n t r a t i o n  

and t h e  microbial  counts  011 t h e  f i n g c r t i p s  showed a p o s i t i v e  

c o r r e l a t i o n  c o e f f i c i e n t  (r = + 0 . 4 7 ) ,  t h i s  c o r r e l a t i o n  was n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0 .95  confidence l e v e l .  An 

explana t ion  for  t h e  wide v a r i a t i o n s  i n  FFA l c v c l s  seen may he 

due t o  t h e  m u l t i p l i c i t y  of soiirccs of o r i g i n  of  t h e  FFA. Four  

p o s s i b l e  sources  a r e :  

1. Breakdown of  scbum t r i g l y c e r i d c  by b a c t e r l a l  l i p a s e s  

(19 ,20 ) .  L ipascs ,  however, a r c  produced only  by c e r t a i n  

s p e c i e s  of b a c t e r i a .  Thereforc ,  v a r i a t i o n  i n  s p e c i f i c  

c o l o n i z a t i o n  b a c t e r i a  among i n d i v i d u a l s  may i n f l u e n c e  

t h e  c o n t r i b u t i o n  o f  t h i s  soiircc t o  t o t a l  FFA o f  t h e  

s k i n .  The breakdown o f  sebum t r i g l y c e r i d e s  i s  s i g n i -  

f i c a n t  i n  product ion o f  FFA, but t h e  c o n t r i b u t i o n  of  

scbum i s  minimal on t h e  f i n g e r t i p  a r e a  a s  compared t o  

o t h e r  p a r t s  of  t h e  body, e . g . ,  t h e  forchcad .  

2 .  Production of l i p i d s  by t h c  e p i t h e l i a l  c c l l s  of 

t h e  s t ra tum corncwn, which amounts t o  a c o n s i d e r a h l e  

p o r t i o n  of t h e  l i p i d  p r e s e n t  i n  t h i s  a r e a  (10 ) .  This  

source of l i p i d  has  not  been examined e x t e n s i v e l y .  

3 .  In e x t r a c t i o n  of  FFA with ace tone ,  some f a t t y  a c i d s  

could he removed from t h e  c e l l  w a l l s  o f  b a c t e r i a  

p r e s e n t  on t h e  s k i n .  

4 .  Contamination of  t h e  f i n g e r t i p s  by touching  o t h e r  

a r e a s  o f  t h e  body such  a s  t h e  f a c e  and forehead.  In 
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FREE FATTY ACIDS ON THE FINGERTIPS 1359 

a d d i t i o n ,  r e s i d u a l  FFA could be p r e s e n t  from t h e  use  of  

cosmetics  and c leaning  a g e n t s .  

By assaying  i n d i v i d u a l  f a t t y  a c i d s  which have been shown t o  be 

produced e i t h e r  by human, e . g . ,  l i n o l e i c  a c i d  (21)  o r  b a c t e r i a  

e x c l u s i v e l y ,  t h e  o r i g i n  o f  f a t t y  a c i d s  on t h e  s k i n  could  be 

e s t a b l i s h e d .  To minimize o r  e l i m i n a t e  f a t t y  a c i d s  o f  b a c t e r i a l  

o r i g i n  we have used a procedure of removing t h e  b a c t e r i a  by s u r g i -  

c a l  sc rub  and t h e n  a l lowing  t h e  endogcnous l i p i d s  t o  r c g e n c r a t e .  

Analysis  of i n d i v i d u a l  a c i d s  on f i n g e r t i p s  b e f o r e  s c r u b  

showed p o s i t i v e  c o r r e l a t i o n  wi th  CFU counts  f o r  a l l  t h e  a c i d s  

with t h e  except ion  o f  3OH-C16:O/ClS:Oa. 

cant  p o s i t i v e  c o r r e l a t i o n  (p O . O S ) ,  however, could be demon- 

s t r a t e d  f o r  p a l m i t i c ,  s t e a r i c ,  heptadecanoic ,  and 12-methyl 

t e t r a d e c a n o i c .  While p a l m i t i c  ( C 1 6 : O )  and heptadecanoic  ( C 1 7 : O )  

a c i d s  have bccn shown t o  possess  some growth i n h i b i t o r y  propcr -  

t i e s  for c e r t a i n  b a c t e r i a  v-ithu ( 2 2 ,  231, t h e s e  f a t t y  a c i d s  

may a l s o  a c t  as  growth f a c t o r s  f o r  o t h e r  b a c t e r i a  (24)  r a t h e r  

than  showing any a n t i m i c r o b i a l  a c t i o n .  One FFA of p a r t i c u l a r  

i n t e r e s t  was l i n o l e i c  a c i d  (C18:2A99’2) because i t s  source  i s  

e u k a r y o t i c  c e l l s  ( 2 1 ) .  The reason t h i s  p a r t i c u l a r  a c i d  d i d  n o t  

show a s i g n i f i c a n t  c o r r e l a t i o n  may have r e s u l t e d  from two f a c t o r s .  

The f irst  being t h e  d i f f i c u l t y  i n  handl ing o f  u n s a t u r a t e d  f a t t y  

a c i d s  because o f  t h e  ease i n  inducing hydrogenat ion of  t h e  

double bonds (25 ) .  The second reason may be  due t o  t h e  mixed 

f l o r a  p r e s e n t  on t h e  hands which may produce vary ing  amounts o f  

S t a t i s t i c a l l y  s i g n i f i -  
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1360 BUSSELL, GROSS, AND MILLER 

l i p a s e s  f o r  h y d r o l y s i s  of  t h e  t r i g l y c e r i d e s ,  t h u s  a f f e c t i n g  t h e  

concent ra t ions  o f  l i n o l e i c  a c i d  on t h e  s k i n .  

No negat ive  c o r r e l a t i o n  could be shown between b a c t e r i a l  

counts  and l a u r i c  a c i d  ( r =  +0.36) o r  o l e i c  a c i d  (r= + 0 . 3 0 ) ,  t h a t  

had been p r e v i o u s l y  shown t o  be b a c t e r i o s t a t i c  in U ~ % O  ( 2 6 ) .  

l‘his f i n d i n g  sugges ts  t h a t  t h e s e  a c i d s  may not  demonstrate  a n t i -  

bacterial a c t i v i t y  Liz u i u o  a g a i n s t  s k i n  b a c t e r i a  o r  t h a t  t h e i r  

concent ra t ions  a r e  t o o  low t o  i n h i b i t  b a c t e r i a l  growth. 

I‘he only a c i d  t h a t  was found t o  have a n e g a t i v e  c o r r e l a t i o n  

c o e f f i c i e n t  (r = -0 .427)  was t e n t a t i v e l y  i d e n t i f i e d  as 3 0 1 1 - C 1 6 : 0 /  

C13a. I’ostScrub chromatograms d i d  not  show a peak i n  t h i s  a r e a  

which i n d i c a t e d  t h a t  it was probably of b a c t e r i a l  o r i g i n ,  o r  

t h a t  i t s  s y n t h c t i c  r a t e  by t h e  s h i n  i s  s lower than  t h a t  o f  o t h e r  

a c i d s .  I t  5 a n t i m i c r o b i a l  p r o p e r t i e s  should be i n v e s t i g a t e d  f u r -  

t h e r e  hy AYL U ~ A U  and LM. U ~ U O  t echniques .  

Scvcrnl C 1 8 : l  f a t t y  a c i d  peaks were separated by t h e  IIPLC 

mcthodology. The s p e c i f i c  l o c a t i o n  of t h e i r  u n s a t u r a t i o n  could 

not  be determined,  a l though t h r e e  s e p a r a t e  C 1 8 :  1 isomers  were 

separa ted  with u n s a t u r a t i o n  a t  t h e  6 ,  9 ,  and 11 p o s i t i o n s .  

Nicola ides  (6) r e p o r t e d  t h a t  t h e  most prominent u n s a t u r a t  i o n s  

were i n  t h e  6 and 8 p o s i t i o n s .  Ilowever, our  f i n d i n g s  i n d i c a t e d  

t h a t  t h e  prominent p o s i t i o n  was t h e  9 .  The e l u t i o n  volume of 

t h e  8 p o s i t i o n  cannot be p r e d i c t e d  from t h e  o t h e r  t h r e e  a c i d s  

s i n c e  t h e i r  e l u t i o n  volumes a r e  C 1 8 : l A 9  < C18:lA” < C 1 8 : l A 6  which 

c o u l d  i n d i c a t e  t h a t  t h e  8 p o s i t i o n  c o e l u t c s  wi th  t h e  9 p o s i t i o n .  

In a d d i t i o n ,  s e v e r a l  small peaks were noted  around p a l m i t o l e i c  
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C 1 6 : l A 9  as seen in F i g .  1; t h e s e  peaks a r e  probably C16:l wi th  

v a r i a t i o n  i n  t h e  p o s i t i o n  of  t h e  u n s a t u r a t i o n .  

The IlPLC chromatograms of  t h c  FFA from f i n g e r t i p s  from t h e  

p o s t s c r u b  experiment showcd a s i m i l a r i t y  both q u a n t i t a t i v e l y  and 

q u a l i t a t i v e l y  a s  seen i n  F ig .  2 .  

t h e  a r e a  of  C16:l peak which showed a s l i g h t  s h i f t  i n  one i n d i -  

v i d u a l  ou t  of t h e  f o u r .  This  could i n d i c a t e  a p o s s i b l e  v a r i a t i o n  

i n  p o s i t i o n  o f  t h e  double bond, which would c o r r e l a t e  wi th  

Nicola ides '  (6) d e s c r i p t i o n  o f  f a m i l i e s  o f  f a t t y  a c i d s .  

The o n l y  v a r i a t i o n  n o t e d  was i n  

The p o s t s c r u b  chromatograms (Fig.  3 )  of t h e  hydrogenated 

f a t t y  a c i d s  revea led  s e v e r a l  i n t e r e s t i n g  p o i n t s .  The peaks which 

corresponded t o  12-methyl t e t r a d e c a n o i c  C15a i n c r e a s e d  t o  approxi-  

mately equal  t o  o r  g r e a t e r  than  pentadecanoic  peak C 1 5  which 

i n d i c a t e s  t h a t  a cons iderable  amount of t h e  12-methyl t e t r a -  

decanoic  i s  unsa tura ted  and t h a t  t h i s  a c i d  i s  one o f  t h e  major 

odd chain f a t t y  a c i d s  p r e s e n t  on t h e  s k i n .  Furthermore, t h e  

hydrogenation chromatograms showed t h e  C19 and C 2 1  were lower 

i n  concent ra t ion  than  C23 and C25. T h i s  f i n d i n g  i s  i n c o n s i s t e n t  

with s imple cha in  e longat ion  by a two carbon u n i t  a d d i t i o n ,  and 

would suggest  e i t h e r  an a l t e r a t i o n  of  t h e i r  biochemical pathway 

o r  t h e i r  u t i l i z a t i o n  i n  o t h e r  l i p i d  c l a s s e s .  The f a t t y  a c i d  C26 

was a l s o  shown t o  be lower i n  concent ra t ion  than  C28 or C30. 

Fur ther  i n v e s t i g a t i o n s  a r e  i n d i c a t e d  t o  e v a l u a t e  t h e  s i g n i f i c a n c e  

of t h e s e  f i n d i n g s .  The i d e n t i f i c a t i o n  of  t h e s e  minor peaks 

i l l u s t r a t e s  t h e  improved s e p a r a t i o n  p o t e n t i a l  of HPLC, and t h e  

extended range o f  t h e  HPLC over  p r e v i o u s l y  r e p o r t e d  methods. The 
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use of  11I’LC f o r  t h c  a n a l y s i s  o f  FFA on t h e  s k i n  shows g r e a t  

proniisc. 

SlJMhIARY AKD C ONC 1,US T ONS 

A q u a n t i t a t , i v c  a n d  qi ia1i t .a t ive a n a l y s i s  of  t h e  f r e e  f a t t y  

ac.ids prcscnt  on f i n g c r t  i p s  (before  and a f t e r  s u r g i c a l  sc rub)  was 

done on t h e  phenylacyl  e s t e r s  of t h e  f a t t y  a c i d s  s e p a r a t e d  by 

11 igh p r e s s u r e  1 i q u i d  chromatography. This  procedure allowed f o r  

t h e  r e s o l u t i o n  of niore than 40  major ,  minor, and t r a c e  peaks .  

Regression a n a l y s i s  comparing t h e  b a c t e r i a l  popula t ion  of t h e  

f i n g e r t i p s  a i d  thc t o t a l  f r e e  f a t t y  a c i d  conten t  c l u t c d  from t h e  

s m p l c  showed a p o s i t i v e  but n o n s i g n i f i c a n t  c o r r e l a t i o n .  Rcgres- 

s ion  an ; i lys i s  comparing t h e  b a c t e r i a l  popula t ion  of t h e  f i n g e r -  

t i p s  aiid t h e  t o t a l  f r e e  f a t t y  a c i d  content  e l u t e d  from t h e  sample 

showed a p o s i t i v e  hut n o n s i g n i f i c a n t  c o r r e l a t i o n .  Regression 

a n a l y s i s  of t h e  i n d i v i d u a l  FPA v e r s u s  microbia l  counts  showed 

p o s i t i v e  c o r r e l a t i o n  between a l l  of t h e  a c i d s  i d e n t i f i e d  except  

one which showed a negat ive  c o r r e l a t i o n .  The chroniatograms 

obta ined  fol lowing t h e  s u r g i c a l  sc rub  i n d i c a t e d  t h a t  t h i s  a c i d  

was p o s s i h l y  of b a c t e r i a l  o r i g i n .  

Tlic e l imina t ion  o f  most of t h e  microorganisms by s u r g i c a l  

scrub produced lcss  s c a t t e r  i n  t h e  e l u t i o n  p r o f i l e s  of t h e  FFA 

than observed in  random samples from f i n g e r t i p s .  T h i s  sugges ts  

t h a t  t h e  f a t t y  a c i d  p r o f i l c s  ob ta ined  r e p r e s e n t e d  mainly t h e  

l i p i d  der ived  from t h c  s k i n  and, i n  p a r t i c u l a r ,  from t h e  c e l l s  

of  t h c  s t ra tum corncum. F i n a l l y ,  it was shown t h a t  HPLC provided 

thc  improved s e p a r a t i o n  n e c e s s a r y  f o r  t h e  s t u d y  of  t h i s  complex 
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FREE FATTY ACIDS ON THE FINGERTIPS 1363 

group of l i p i d s .  

cha in  f a t t y  a c i d s ,  above C19, o f f e r  new i n t e r e s t i n g  a r e a s  o f  

i n v e s t i g a t i o n  i n t o  t h e i r  metabol ic  pathways, and t h a t  HPLC pro-  

v i d e s  t h e  chromatographic q u a l i t i e s  f o r  such i n v e s t i g a t i o n s .  

The r e s u l t s  a l s o  i n d i c a t e d  t h a t  c e r t a i n  long 

* *  * * 

Commercial m a t e r i a l s  and equipment a r e  i d e n t i f i e d  i n  t h i s  

r e p o r t  t o  s p e c i f y  t h e  i n v e s t i g a t i v e  procedures .  Such i d e n t i f i c a -  

t i o n  does n o t  imply recommendation o r  endorsement o r  t h a t  t h e  

m a t e r i a l s  and equipment a r e  n e c e s s a r i l y  t h e  b e s t  a v a i l a b l e  f o r  

t h e  purpose.  Furthermore, t h e  opin ions  expressed  h e r e i n  a r e  

t h o s e  of t h e  a u t h o r s  and a r e  n o t  t o  be cons t rued  a s  t h o s e  of  t h e  

U .  S .  Army Medical Department, 
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