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use of such columns may no longer be necessary nor 
desirable. For  these reasons we believe that  phases of 
moderate to medium polar i ty  among the stable sili- 
cone polymers, such as SE 52 and X E  60, will prove 
most useful in conjunction with the present method. 
Stabili ty in both J X R  and SE 52 was not the least 
contributing factor  in promoting favorable conditions 
for analyses at  high instrumental  sensitivity. These 
phases were the most stable among all types available 
in the nonpolar  ( JXR)  and the more polar (SE 52) 
categories. Dimethylpolysiloxane J X R  is somewhat 
more stable than SE 30, although similar to SE 30 in 
general characteristics. 

Newly packed columns had a tendency to become 
more porous with concomitant decrease in retention 
time. Original retention times could be maintained 
by the routine adjustment  of helimn flow using a com- 
pound of average retention time as reference. Cali- 
bration curves then remained valid for  prolonged 
periods. The rapidi ty  and reliabili ty of calibrating 
operations by the proposed method simplified the 
routine checking of colmnn characteristics and per- 
mitted the determination of analytical variance (1,2). 
The last feature  alone is of considerable import  in 
tha t  it gives access to an estimation of the significance 
of relatively small analytical differences, i.e., to a 
clearer interpretat ion of results. 

The principle at the basis of the factors listed in 
Table IV is identical to that  applied by Knights and 
Thomas (9) in their  determination of AR,v~ factors. 
Both series of factors represent specific s t ructural  con- 
tributions to the relative retention time, i.e., Rt~ in 
the present nomenclature and r for  the above authors. 
The factors in Table IV are dimensionally different 
however, since the columns, conditions, and reference 
compounds were different. Both types are closely re- 
lated to the steroid numbers, SN, and F factors of 

VandenHeuvel  and Horning (10) since the lat ter  
factors are also related to relative retention times by 
formally simple expressions. Thus 

SNx = 19 + I~ P = 19 + 8 log Rt£x/ log Rthc 

where Rt~x and Rt~c are the relative retention times 
for a compound X and eholestane, respectively, and 
both relative to androstane, gives the value of a ste- 
roid number. I t  is evident f rom this expression that  
the range of validity of SNx will correspond to a 
range of conditions where relative retention times Rt~ 
are sufficiently constant, as the proponent  authors 
have pointed out (10). 

The relation 
log R t £ x -  log Rt~x 

SNx = 19 + 8 10g R t £ c -  log Rt£x 

where all Rti~ values are relative to the same reference 
compound, and Rt£x corresponds to androstane, al- 
lows the calculation of SNx values f rom RtR data ob- 
tained with any column. I t  would seem that  SN 
factors represent a more involved expression of the 
relative retention times than the ARug factors of 
Knights and Thomas and those derived in the present 
study. The lat ter  are valid from 175C to 200C with 
J X R  eolnnms. 
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Abstract 
A procedure is described for the analysis of the 

fa t ty  acid composition of polar lipid classes in the 
nanogram range. The lipids are first fraet ionated 
by column chromatography followed by fu r the r  
separation into pure lipid classes by thin-layer 
chromatography. Lipid spots scraped from the 
thin-layer plates are esterified direct ly (i.e., with- 
out prior  elution) with 6% sulfuric acid in meth- 
anol. The methyl esters are then analyzed by gas- 
liquid chromatography with a hydrogen flame 
ionization detector. Samples of 200 nanograms or 
less give accurate results with helium as carrier  
gas, oxygen rather  than air to support  combus- 
tion, careful adjustment  of the recorder and gen- 
eral at tention to optimmn electrical connections, 
dissociation of the column oven from the recorder 
and electrometer, and careful preconditioning of 
columns. Under  proper  conditions the base line 

is stable and a 10% of full  scale deflection of the 
recorder can be obtained from 1 nanograln of a 
methyl ester, allowing highly precise analyses of 
f a t ty  acid composition from the amount  of lipid 
obtainable from one spot on a thin-layer ehroma- 
togram. Control studies demonstrated that  ex- 
traneous peat~s did not arise from the procedure 
or from the sphingosine and dihydrosphingosine 
of sphingolipids. The thin-layer ehromatographie 
procedure did not influence the fa t ty  acid ecru- 
position of a pure sample of glucocerebroside iso- 
lated by column chromatography and the method 
was applied to Ieeithin and sphingomyelin or 
normal and pathological human brain specimens. 

Introduction 

D E T E R M I N A T I O N  OF F A T T Y  ACID composition oil spe- 
cific lipid classes is a difficult problem for investi- 

gators working with very  small samples. The pre- 
ferred general praeedure J~ gas-liquid chromatography 
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(GLC) on both polar and nonpolar  liquid phases, at 
several different concns and at  several different temps 
in order to accurately detect and quanti ta te  all of the 
components. I t  is also f requent ly  desirable to hydro-  
genate the esters, par t icu lar ly  as an aid in ident i fying 
polyenoic acids. The occurrence of miscellaneous com- 
ponents in the chromatogram (such as {eaction arti-  
facts, branched-chain acids, hydrocarbons,  aeetals, al- 
cohols, etc.) can cause confusion (1) and requires 
addit ional  procedures to eliminate their  interference. 

The extremely sensitive ionization detectors for  GLC 
minimize the amt  of sample needed for a complete 
f a t ty  acid analysis. The purpose of this repor t  is to 
describe a means whereby the pract ical  working level 
of a typical  GLC system can be extended to the nano- 
grain level and to i l lustrate the applicat ion of this ex- 
t reme sensitivity to the analysis of f a t t y  acids f rom 
human spleen and brain lipids obtained by colunm 
chromatography  and th in - l ayer  c h r o m a t o g r a p h y  
(TLC) .  

Materials and Methods 

Gas Chromatographic Apparatus. The instru- 
ment  used in these studies was an Aerograph  Model 
A-600C equipped with a hydrogen flame ionization de- 
tector. Our previous experience with this system (2) 
showed it to be linear in its response at extremely high 
sensitivity both with and  without  a s t ream splitter. In  
addition to its rap id  response, the flame detector is 
insensitive to water. This is par t icu lar ly  desirable 
when it  is impract ical  to d ry  samples over a suitable 
desiccant. 

GLC Columns. Five percent  (w/w)  SE-30 coated 
on 60/80 mesh Chromosorb W (Wilkens Ins t rumen t  
and Research, Inc.)  packed into a 5 f t  × 1/s in. stain- 
less steel column was used as the nonpolar  liquid 
phase. Columns were conditioned at  250C for 48 hr  
before being used for analysis and operated at either 
210C or 225C, the la t ter  temp as a check for long chain 
esters whose peaks are flattened at the lower temp. 

The polar  liquid phase was 10% (w/w)  ECNSS-S 
coated on 100/120 mesh Gas Chrom P (Applied 
Science Laboratories)  and packed into a 5 f t  × 1/s in. 
stainless steel column. This liquid phase is an organo- 
silicon polyester capable of producing excellent sepa- 
rat ion of sa tura ted  and unsatura ted  f a t t y  acid methyl  
esters (3). I t  is stable below 225C and has a useful 
life of 3-6 months depending upon the operat ing temp 
and the polar i ty  of the carr ier  solvent. ECNSS-S 
columns were conditioned at  210C for  24 hr and then 
operated at  either 187C or 205C. 

Carrier Gas. Helium was used as carr ier  gas with 
both columns. Opt imal  flow rates were found to be 
26 m l / m i n  at  12 psig with the nonpolar  phase and 3 
m l / m i n  at  14 psig with the polar  phase. The slow flow 
rate  with the polar  phase resulted in a slight loss of 
sensitivity. This was compensated for  by operat ing 
at  max input  impedance a t tenuated 4x as compared 
to an 8x at tenuat ion with the nonpolar  phase. 

Flame Gases. Hydrogen  and air are the usual mix- 
tures for  the flame ionization detector. However, we 
found that  the high flow rate  (400 ml /min )  of the 
air, which supports  combustion, produces a cooling of 
the flame tip leading to thermionic noise and a loss of 
sensitivity. This was alleviated by subst i tut ing pure  
oxygen for  air  result ing in a hotter  flame and at least 
a three-fold increase in sensitivity without any appre-  
ciable base line noise. Optimal  gas flow rates were 
found to be 20 m l / m i n  of hydrogen and 200 m l / m i n  
of oxygen. Under  the~e conditions 0.001 t~g. of methyl  
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stearate elicited a recorder response of approx  10% 
of full  scale. 

I t  is advisable to use constrictors in the oxygen and  
hydrogen lines before they enter the flame base. Their  
use permits  high head pressure result ing in a more ac~ 
curate control of flow rates than  can otherwise be 
achieved. Constrictors can be fashioned f rom 0.01 or 
0.02 in. ( ID)  capi l lary bore stainless steel tubing of 
12-18 in. in length. 

C A U T I O N :  The mixture  of hydrogen and  oxygen 
described above is highly explosive unless adequate 
safety precautions are taken. Tile flame should never 
be ignited unless the detector is total ly vented to the 
atmosphere. This can be conveniently accomplished 
by removing the cap f rom the detector cylinder. Ac- 
cumulated gases can be flushed by blowing them out 
and the flame can then be safely ignited. The gas chro- 
matograph  should be located in an adequately venti- 
lated room, p re fe rab ly  with an exhaust fan vented to 
the outside. As a fu r ther  precaution, smoking and the 
use of open flames in the same room should be str ict ly 
prohibited. 

Sample Volumes and Quantilation. The total  weight 
of the samples of lipid classes analyzed was 400 to 
1000 ~g, al though much smaller samples could have 
been used. The esters were made to 1.0 ml with hexane 
and a 0.5-1.0 t~l sample was injected into the gas chro- 
ma tograph  for  analysis. This provided a level of ap-  
proximate ly  0.2-1.0 t~g of total  esters for  each GLC 
analysis. 

Quanti ta t ion was achieved by  calculating relative 
percent  composition f rom the products  of adjusted re- 
tention time and peak height. Each individual  prod- 
uct was divided by  the sum of the products  to give 
percent  composition. Calibration of the ins t rument  
with mixtures  of pure  methyl  esters obtained f rom the 
National  Hea r t  Ins t i tu te  showed a relative error  of 
less than  2% with all components by this procedure. 
At  extreme sensitivity as well as at lower levels, cali- 
brat ion with pure  s tandards  of known composition is 
manda to ry  for accurate quant i ta t ion (1). 

Hexane (redistilled) is the most general ly useful 
solvent for  sample injection. Carbon disulfide offers 
the advantage,  however, tha t  it does not produce a re- 
sponse with the flame ionization detector (4). In  the 
present  s tudy we were able to use this solvent to great  
advantage with the SE-30 liquid phase, but  its use 
with ECNSS-S shortened the life of the column and 
led to the occurrence of spurious peaks in the chroma- 
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FIG. 1. Gas chromatographic elutlon patterns for second con- 
trol series on the polar liquid phase. 
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FIG. 2. T y p i c a l  ga~s c h r o m a t o g r a p h i c  e l a t i o n  p a t t e r n s  o f  t h e  
m e t h y l  e s t e r s  o f  f a t t y  a c i d s  f r o m  h u m a n  b r a i n  l e c i t h i n  o b t a i n e d  
b y  d i r e c t  m e t h y l a t i o n  o f  t h e  a d s o r b e d  l i p i d  a f t e r  T L C .  Chro-  
m a t o g r a m  A i s  f r m n  G a u c h e r ' s  d i s e a s e  a n d  1~ f r o m  T a y - S a c b s  
d i s ea se .  C h r o m a t o g r a p h e d  on 1 0 %  E C N S S - S  a t  187C. 

tograms. Steam cleaning the column by  periodically 
inject ing several 5/xt portions of distilled water  elimi- 
nates the art i facts ,  but  does not prevent  the shortened 
life of the colunm. Regardless of the choice of solvent, 
redistil lation before its use is mandatory .  

Lipid Samples. Lecithin and sphingomyelin f rom 
normal  and pathological human brains and a gluco- 
cerebroside sample isolated f rom the spleen of a pa- 
t ient with Gaucher ' s  disease were analyzed. 

Lecithin and spbingomyelin were eluted f rom a 
D E A E  cellulose column as a single fract ion (mixed 
with eerebrosides) and then separated by TLC with 
a mixture  of silicic ac id /magnes ium silicate (9:1, 
w/w)  as adsorbent and ch loroform/methanol /wate r  
(65/25/4,  v / v )  as developing solvent (5). The lipids 
were located by  spray ing  with 0.001% aqueous Rhod- 
amine 6G and viewing the damp plates under  U V  
light. The spots were scraped f rom the plate with a 
razor blade while the adsorbent was still moist, quart- 

t i ta t ively t ransfer red  to a test tube and dried in a 
desiccator under  a ni trogen atmosphere. 

Methyl esters were p repared  by direct transesterifi- 
cation without pr ior  elution of the lipids. The reaction 
was carried out with 2 ml of 6% (v /v )  methanolie 
sulfuric acid in a ni trogen atmosphere and in a sealed 
tube at  110C" overnight with adsorbent  and lipid f rom 
two TLC plates (20 × 20 era). On the following day  
the tubes were cooled, opened, and 1 ml of water  was 
added. The esters were then extracted with several 
0.5 ml portions of hexane and analyzed by GLC. 

Identification of Peaks. Identification of the f a t ty  
acids was made by carbon number  determined by the 
procedure of Woodford and  van Gent (6). The identi- 
fication of the unsa tura ted  acids was checked fur ther  
by hydrogenat ion over metallic pal ladium (7) fol- 
lowed by GLC on both phases. 

Results and Discussion 
Base Line Stability. Figures  1-3 i l lustrate the base 

line stabil i ty obtained under  the present, conditions of 
extreme sensitivity as welt as the absence of a r t i fac tua l  
components f rom the TLC adsorbent or the methyla-  
tion reaction. A stable base line is necessary for analy- 
sis at  extreme sensitivity. Careful  at tention to the 
ins t rument ' s  electrical system aids in reducing exces- 
sive noise. In  addit ion to determining tha t  all elec- 
trical connections are tight, it is desirable to elec- 
t r ical ly dissociate the recorder f rom the electrometer 
and column oven to avoid interference (4). 

P roper  ad jus tment  of recorder gain and damping 
is vi tal  to base line stabil i ty and accurate quanti ta-  
tion. Unfor tunate ly ,  this aspect of ins t rument  adjust-  
ment  is f requent ly  overlooked and is seldom discussed. 
An  overdamped recorder gives a diminished pen re- 
sponse giving rise to low results for early components. 
Underdamping  causes overrunning of the pen which 
leads to high results with early peaks. Optimal  damp- 
ing is achieved by running  the pen to 80% of full  
scale by means of the balance current  of the elec- 
trometer.  The ins t rument  is then a t tenuated  to half  
of tha t  value and damping  adjusted unti l  the pen 
re turns  precisely to 80% without overriding this point 
or creeping up to it when the original sett ing is re- 
stored. 

Excessive recorder gain produces a noisy base line 
whereas insufficient gain reduces the recorder response 
speed and m a y  cause the base line to assmne a stair-  
step appearance.  P roper  ad jus tment  is achieved at  a 
point tha t  is best described as " inc ip ien t  noise ."  

Experimental Controls. One control series was de- 
signed to establish whether or not the presence of the 
TLC adsorbent had any  adverse effects on the reaction 
system when compared with conventional procedures. 
For  this purpose a sample of pure  glueocerebroside 
was used. The sample was examined before and a f t e r  

TABLE I 
Comparison of the Fat ty  Acid Composition of Pure  Glucoeerebroside 

Before and After Thin-Layer Chromatography l~ollowed by Direct 
}¢[ethylation of the Adsorbed Lipid 

Percent  composition 
B~ethyl 
ester 

16 :0  ..................................... 
17:0 ..................................... 
18:0 ..................................... 
19:0 ..................................... 
20 :0  .................................. 
21 :0  .................................... 
22:0  ................................. 
23:0  ................................... 
24 :0  .................................. 
24:1  ................................... 

Cerebroside Cerebroside -i- 
adsorbent a 

22.51 21.03 
0.85 1,06 
5.70 5.33 
0.50 0.62 
3.53 3,50 
0.42 0.44 

20.26 19.47 
11.39 10.60 
18.01 18.65 
16,84 19.29 

100.01 99.99 

Cerebroside 
after TLC 

21.44 
0.99 
5.43 
0.50 
3.60 
0.47 

20.50 
11.37 
18.71 
16.99 

100.00 

a Adsorbent added to the ,ure cerebroside and the mixture then trans- 
esterified at 1100 
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TLC. The analysis of the glucoeerebroside controls is 
summarized in Table 1. The results obtained with the 
pure cerebroside without TLC were identical to those 
obtained with the same preparat ion after  TLC. There 
was no evidence of extraneous substances from either 
the adsorbent or the reaction procedure. Transesteri- 
fication was carried out at 70C in tile absence of ad- 
sorbent, but  in the presence of adsorbent a higher temp 
(110C) is needed to obtain complete reaction. 

A second control series was run to determine 
whether extraneous Inaterial arises from either the re- 
action or the adsorbent, and whether sphingosine from 
sphingolipids will appear  in the hexane solution and 
give rise to a peak on the chromatogram. An equi- 
molar mixture of stearie acid and sphingosine (con- 
taining some dihydrosphingosine) was methylated in 
the presence and absence of adsorbent to check this 
point. Only one peak, that  from methyl stearate, was 
obtained (Fig. 1). There was no evidence of inter- 
ference from the sphingosine or dihydrosphingosine 
nor did extraneous material arise f rom either the re- 
action or the adsorbent. 

These findings demonstrate that  the pr ior  elution of 
the lipid as described by other investigators (8-10) 
is an unnecessary and time-consuming step. In  addi- 
tion, direct esterification of the adsorbed lipid elimi- 
nates the possibility of alteration (e.g., f rom auto- 
oxidation) as a result  of the additional handling 
required with an elution procedure. There is no pos- 
sibility of loss of any of the components with direct 
esterification of the adsorbed lipid and the resulting 
fa t ty  acid analysis appears to be a t rue reflection of 
the composition of the total lipid class. 

The use of methanolic sulfuric acid for this pro- 
cedure is highly desirable in view of a recent repor t  
by Johnston and Roots (11) describing contamination 
from the use of methanolic hydrochloric acid as a 
methylafing reagent in the ultramicro analysis of 
methyl esters by GLC. Inasmuch as our analytical 
conditions are designed for sample sizes of approx 
1/20 the levels that  they reported, the necessity of 
avoiding contamination is extremely important.  Lind- 
gren et al. (12) discussed sources of contamination 
other than methylat ing reagents. Strict  observance of 
these precautions makes possible ultramicro GLC for 
routine practical analyses of f a t ty  acids with very  
small samples (such as individual lipid spots obtained 
b y  two-dimensional TLC in which the amount  of lipid 
f rom one spot may be as low as 0.5 ~g). 

Brain Lipids. F a t t y  acid composition of human 
brain lecithin is very  simple. F igure  2 shows typical  
chromatograms obtained from pathologic brains and 
illustrates this simplicity. Of par t icular  interest was 
the absence of polyenoic acids even when the samples 
were ehromatographed at very  high load levels. 

F igure  3 shows typical  traces f rom brain sphingo- 
myelins. The chromatograms illustrate the str ikingly 
different f a t ty  acid composition of this lipid class com- 
pared to lecithin. Brain  sphingomyelin is very  rich 
in stearate and also contains large amounts of ligno- 
eerate and nervonate. These results for  whole brain 
are also in azreement with the findings of Bernhard  
and Lesch (13). 

General Applicability of the Method. The present 
method should be widely applicable. The combination 
of D E A E  column chromatography and TLC is ad- 
vantageous since the two lipid classes most susceptible 
to autoxidation, phosphatidyl  ethanolamine and phos- 
phat idyl  serine, are recovered in pure form from the 
column and thus do not  require exposure to air 
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FIG. 3. Typical gas chromatographic elution pattern of the 
methyl esters of fa t ty  acids from human brain sphingomye]ins 
obtained by direct methy]ation of the adsorbed lipid after TLC. 
Chromatogram A is from a normal adult brain, B from Tay- 
Sachs disease. 

through additional manipulations. The great sensi- 
t ivi ty of the GLC method makes possible the analysis 
of a few micrograms of a lipid class obtained from 
one spot on a two-dimensional ehromatogram. Some 
changes from exposure to air must be expected with 
both phosphatidyl  ethanolanline and phosphatidyl  
serine if two-dimensional TLC (without column chro- 
nlatography) is used for their  isolation unless special 
care is taken and the operations are done largely under  
a nitrogen atmosphere. 
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