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Abstract 
A procedure is described for the quantitative 

analysis of neutral and phospholipids by thin- 
layer chromatography (TLC) employing densi- 
tometry. The chromatoplates are prepared with 
the usual solvent systems. The spots are charred 
under standard conditions and analyzed with a 
Photovolt Corp. densitometer equipped with a 
special stage designed for holding 20 x 20 cm 
chromatoplates. Each spot on the chromatoplate 
gives a peak of density values which is used for 
quantitative analysis. 

Radioactive lipids are analyzed by autoradiog- 
raphy by the dcnsitometry of radiograms of 
chromatoplatcs developed from X-ray films. 

The precision of the method is demonstrated 
on model mixtures of mono, di- and triglycerides, 
neutral and phospholipids and C TM labeled lipids. 

Results of the analysis of several samples of 
rat liver lipids compared closely to those ob- 
tained by silicic acid column chromatography. 

Introduction 

S 
I N C E  T H E  FIRST REPORTS Of the fractionation of 
lipids by adsorption chromatography (1,2,3,4,5), 

this technique has undergone continuous refinement 
and development for analytical applications. IJipid 
class analysis by chromatographic methods has been 
demonstrated by Borgstr5m (6), Fillerup and Mead 
(7) and Barron and Hanahan (8). The systematic 
studies by Hirsch and Ahrens (9) brought particu- 
lar attention to the factors involved in the quantita- 
tive analysis of the lipid classes by silieic acid column 
chromatography and provided a general impetus to 
its routine application in biological studies. 

Column absorption techniques have also been ap- 
plied extensively to the fractionation of the phospho- 
lipids based largely on the studies by Lea et al. 
(11,12) and Hanahan et al. (13,14,15). 

Recognition that no single system was adequate 
for the complete fractionation of the lipid classes, 
Rouser et al. (16,17), developed multi-column 
schemes for the analysis of lipids. Techniques em- 
ploying a combination of DEAE cellulose, silicie 
acid and silicic acid-silicate-water columns were de- 
scribed for the analysis of several complex lipids. 
The general principle involved in the use of a com- 
bination of columns is to reduce the complexity of 
each fraction with each succeeding step until pure 
components or fractions are obtained. 

Since TLC is rapid and efficiently fractionates, 
a wide variety of lipids, its application to the quan- 
titative analysis of the lipid classes is well indicated. 
At present, quantitative analysis of lipids by TLC 
has been carried out mainly by recovering the sepa- 
rated components of a mixture and analyzing them 
independently by established analytical methods (18, 
19,20,21,22,23,24). Snyder and Stephens (25) de- 

Supported in par t  by U. S. :Public Health Service. Research Grant  
t tE-05375.  

veloped an elegant method for the analysis of radio- 
active lipids by this technique. The measurement of 
spot size has also been employed successfully for the 
quantitative analysis by TLC (26,27,28,29,30). We 
have employed the densitometry of charred spots for 
the analysis of mono-, di- and triglyceride mixtures 
and component triglycerides (31,32). Described here 
are refinements in this technique and its application 
to neutral and phospholipids. The quantitative 
analysis of radioactive lipids by autoradiography by 
the same general technique is also described. 

Experimental 
Materials. Highly purified reference lipids were 

obtained from The Hormel Institute, Austin, Minn. 
Samples of lecithin and phosphatidyl ethanolamine 
were isolated from egg lipid by the general procedure 
described by Rhodes and Lea (10,11). Characteristics 
of these preparations have been previously described 
(33). 

Sphingomyelin was isolated from beef heart by the 
method of Rapport and Lerner (34). This prepara- 
tion was homogeneous by TLC analysis and no im- 
purities could be detected in it by IR analysis (35). 

Cerebroside was prepared from beef spinal cord 
employing the general procedure described by 
Carter (36) and Radin (37). However, repeated 
crystallization of the preparation as described by 
these investigators failed to give a chromatographi- 
cally homogeneous product by TLC, and thus, final 
purification was carried out by silicic acid chroma- 
tography. 

Samples of rat liver lipid, for which analyses are 
reported herein, were obtained from animals receiv- 
ing different fat supplements in nutritional experi- 
ments. The results of these experiments will be 
reported elsewhere. 

Tripalmitin-l-C la, palmitic acid-l-C *a, cholesterol- 
4-C *a and cholesterol palmitate-l-C TM were obtained 
commercially and purified by TLC (28). The ac- 
tivity of all solutions was determined with a Packard 
Tricarb scintillation counter. 

General Procedure 
Thin-Layer Chromatography. The analyses were 

carried out on 20 x 20 cm chromatoplates coated with 
a thin layer of silicic acid containing 10% calcium 
sulfate as a binder. The chromatoplates for these 
studies were dried and activated by heating them for 
2 hr at 110C in a convection type oven where they 
were allowed to cool to room temp. No special con- 
ditions were used for storage of the plates, but they 
were used within a day after their preparation. The 
silicic acid used as an adsorbent for TLC in this 
study was prepared in our laboratory because com- 
mercial products, even those compounded especially 
for TLC, invariably contained contaminant organic 
matter which made them unsatisfactory for prepara- 
tive TLC. There are many aspects to the preparation 
of silicic acid. A consideration of the properties of 
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F ig .  1. Modified s t age  for  qu tmt i tn t ive  TLC.  
A. ( lhr(mmtOlqate ; 
B. H e i g h t  a d j u s t m e n t  fo r  pho/;oecH; 
C. S t r ip  ( 'on la iu ing  var ious  sli t  siz(~s; 
1). Slit  cap for  photocel l ;  
F,. Ad;just:lble s t age  to  hold chrem:dol)lat(~s; 
[l~'. 5 ' |otor fo r  (:olltimlous s f age  nlove~lnt!nt. 

these adsorbents for  the separat ion of ]ipids has been 
reviewed by  Wren  (38). 

The following l)ro('edure was used for the prepara-  
tion of silicie acid used in this study. Four  liters 
40% sodimn sili('ate (Sargent  Co.) is diluted with 
12 liters distille(l water,  and the silicic acid is pre- 
eiI)itated hy the addition of 2 liters eoneen I tCI.  The 
(~xcess acid is removed by  washing the precipi tate  
with distilled water.  When the washitlgs are neutra l  
to methyl  orange, the silieic acid (ca. 1400 g) is 
wash('d 3 limes with (:a. 10 liters acetone, then 3 
times with (',a. ]0 liters of a 1:1 mixture  of acetone 
and diethy] (,ther and, tiredly, twice more with about  
5 liters (li(fihyl ether. The silicic acid is then dried 
iJ~ vacuo, ground with glass marbles (1 em OD) in 
a small labora tory  ball mill, and sieved through a 
No. 200 mesh screen. The yiehl of final product  was 
11()() tl'. l{('agenl grade cah'.ium suit!ale (10% by wt)  
was then mixed with it  to serve as a binder. 

The neutral  l ipids were separated with various 
ratios of di~thyl ether, pet roleum ether and acetic 
todd, and the phospholipids with ( 'hloroform, meth- 
anol and water  mixtures  as described with the results. 

Fig .  2. F i lm holder  for  expos ing  eh roma top la t e s  to X- ray  
flhn. 

A. Slot for  X- r a y  fihn. 
B. Ci l romatopla te  on p l a t f o r m .  
C. Slot  by  which slide I) ra ises  eh roma top la t e  a g a i n s t  

the  X- r ay  film. 

30C 
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Fig .  3. TI ,C s t anda rd  curve showing  rel:~|i(mship of peak 
area  vs. ~g of earl)on. 

@ Cholesterol  pahn i t a t e .  
[ ]  P a l m i t i e  acid. 
• T r ipahn i t i n .  

Charring'  of the spots was carried (rot by heatin~ 
the plates in an oven fro" 25 rain at 180C, af ter  
sp ray ing  them l ightly with a sa tm'ated solution of 
K,~Cr2( )7  in 70% by volume of aqueous snlfuric 
acid (39). 

Radioactiw~ lipids are analyzed by au toradiography 
as follows. After  the ehromatoplat(~s are developed, 
they are exposed to no-screen X- ray  film in the 
holder shown in F igure  2. The hohler is loaded and 
unloaded in the dark. The chromatoplate  is placed 
on the stage (Fig'. 2) and the holder is closed. Then 
the chromatoplate  is broughl  into contact with the 
X- r ay  film by  removing the slide f rom the upper  
slot and placing it in the low(w slot. The length of 
t ime the Iflate is left  in contact with the X- ray  film 
will depend on the act ivi ty in the spots. With  C ~4 
labeled lipids, spots with 1000-10,000 d p m  can be 
measured with a 24-hr exposure period. Spots with 
10G1000 dpm should be exposed up to ca. 10 days. 

Af te r  the plates have been exposed for  the required 
period of time, they are developed photographical ly  
as described by Mangold, et al. (28,29). The final 
radiograms are t r immed to 20 x 20 em and analyzed 
by densi tometry  by the same general procedure ap- 
plied to charred spots on chromatoplates  as described 
below. 

Densitometry. A Photovolt  Densi tometer  (Models 
52C, 520A Photometer ,  Photovolt  Corp., New York) 
with a specially designed stage for holding 20 x 20 
em chromatoplates  was used for  the densitometry. 
Details of the construction stage show in F igure  1. 
The sliding metal  s tr ip (C, Fig. 1) contains a series 
of splits of different lengths (0.5 mm wide) to in- 
sure high sensit ivity regardless of the size of the 
spot. The metal  s tr ip is made of 3/16 in. mater ial  to 
collimate the light. The small a t tachment  (D. Fig. 1) 
which fits over the photocell also is for  this purpose. 
I t  is impor tan t  to eliminate all s t ray  and reflected 
l ight;  otherwis% s tandard  curves do not pass through 
the origin. For  this reason, also, all par t s  of the 
stage are painted black. The stage itself is made 
out of 1/4 in. Bakelite. The metal  guides on the 
stage (E, Fig. 1) permit  ad jus tment  of the plate so 
tha t  all spots pass direct ly over the slit. The photo- 
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S t a n d a r d  C u r v e  A n a l y s i s  

C o m p o u n d  S lope  

C h o l e s t e r o l  p a l m i t a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i s t e a r i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i e l e i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
:P a l m i t i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t e a r i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L i n e l e i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C h o l e s t e r o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
H y d r o g e n a t e d  e g g  l e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P u r i f i e d  e g g  l ec i t t~ in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P u r i f i e d  s o y b e a n  l e c i t h i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
M o n o p a l m i t i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S p h i n g o m y e l i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h o s p h a t i d y l  e t h a n o l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 5 0 4  

. 5 0 4  

. 5 0 4  

. 5 0 8  

. 4 9 8  

. 4 9 8  

. 5 0 1  

. 4 9 2  

. 4 9 2  

. 4 9 4  

. 4 9 5  

. 5 0 8  

. 5 0 1  

. 6 4 3  

. 6 5 8  

cell suppor t  (B, Fig. 1) permits  fine ad jus tment  of 
the photocell above the chromatoplate.  

The chromatoplate  may  be placed either adsorbent  
side up or down on the stage. When  a dark  room is 
available, it is preferable  to make the measurements  
with the adsorbent  side up so tha t  the adsorbent  
layer  is not disturbed. Af te r  the ehromatoplate  is 
p roper ly  positioned on the stage, a slit is selected 
which is ca. 1 /4  again as long as the diameter  of 
the spot. The intensi ty  of the light, with no filter on 
the instrument ,  is adjus ted  to 100% transmission 
when the slit is between the spots, and 0% transmis-  
sion when the shut ter  in f ron t  of the photocell is 
closed. Analysis  of the spots may  be carried out semi- 
automat ica l ly  by plot t ing the readings on the pho- 
tometer  against  mil l imeters of t rave l  or automatical ly  
by means of a str ip chart  recorder  (Photovol t  Vari-  
cord Model 43 recorder) .  Each spot gives a peak 
of density values;  the area under  the peak is a func- 
tion of the size and densi ty of the spot and is used 
for quant i ta t ive  analysis. 

Results and Discussion 

Analysis  of the charred spots of a large number  
of lipids showed that  the peak area vs. the amount  
of sample gave a l inear  relat ionship which passed 
through the origin, as demonst ra ted  in F igu re  3. 
The amount  of sample is expressed as carbon so tha t  
all compounds may  be equated on the same basis. The 
propor t iona l i ty  (slope of the curve, Fig. 3) of the 
relat ionship of peak area and amount  of sample 
agreed closely for  a large number  of lipids as shown 
in Table I. This relat ionship depends on the extent 
of the conversion to carbon. Thus, the charr ing con- 
ditions are important .  The extent  of the eonversion 
to carbon is influenced by s t ruc ture  and tool wt. The 
conversion to carbon appears  to be near ly  quanti-  
tat ive for  most of the common lipids under  the 
conditions employed. Phosphat idyl  ethanolamine, 
sphingomyelin and methyl  esters of long-chain f a t t y  
acids gave anomalous high values which cannot be 
explained at present,  however. 

I t  was shown previously (39) tha t  when the char- 
r ing was carr ied out at high temp (250C) and with 
a weak oxidizing agent  (50'% H2S04) the amount  of 
carbon formed resulted f rom two reactions, oxidation 
and evaporation.  Accordingly,  since unsa tura ted  
compounds are oxidized much fas ter  than  their  satu- 
ra ted analogues, they gave much higher yields of 
carbon. Surpr i s ing ly  enough, an appreciable  amount  
of evaporat ion of t r ipa lmi t in  also occurred under  
these conditions. 

Variat ions due to differences in yield of carbon 
can be normalized by comparison with known amounts  
of suitable s tandards  applied to the same plate. 
A p a r t  f rom small differences due to carbon density, 
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Fig. 4. Relationship between R~ vMue and peak area with 

tripalmitin. 

there is l i t t le var ia t ion  in the extent  of the conversion 
of compounds of the same class to carbon, as shown 
in Table I. Thus, a compound need not be identical  
with tha t  being analyzed to serve as a s tandard.  

Regardless  of the technique employed, poor ly  de- 
veloped ehronlatoplates should not be used for  quan- 
t i ta t ive analysis. Samples for  quant i ta t ive  analysis  
also should be applied to chromatoplates  in low boil- 
ing pet roleum ether or other highly volatile solvents 
in order to avoid a chromatographic  effect wi thin  
the spot itself. 

Influence of R I Value. Generally,  spots become 
larger  the higher they are allowed to migra te  on the 
chromatoplate .  The increase in size is compensated 
by a decrease in density, giving the same densi- 
tometr ica l ly  determined peak area only when the 
spot is migra ted  sufficiently to fo rm its spot charac- 
teristics and not so close to the f ron t  to become dis- 
torted.  This relat ionship is i l lus t ra ted with  t r ipal -  
mit in  in F igu re  4. These results show tha t  the peak 
area is essentially constant  f rom an Rf of about  0.3- 
0.8. 

The effect of R~ can also be normalized by  the use 

Fig. 5. Chromatoplate of separated major  lipid classes 
of natural and reference mixtures on silicie acid with 15% 
diethyl ether in petroleum ether + 1.0% acetic acid. 

A. Sterol esters; 
B. Triglycerldes ; 
C. Free fa t ty  acids; 
D. Cholesterol ; 
E. Phospholiplds (even numbers are standard mixtures; 

odd numbers, samples of natural l ipid).  
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T L C  Ana lyses  of S t a n d a r d  M i x t u r e s  of l~ono-, Di-, a n d  T r i p a h n i t i n  

Sample  # I 

~ 1 ~ 2 ~ 3 A v g  K n o w n  Abs. 
E r r o r  

Tr i -  ~ ~ I  6~6~.2~.2 I ~  i - -1 .5  
Di- 20.0 24.5 24.4  22.9 23.1 I - -0 .2  
5s 12.0 12.0 11.6 ] 1.8 10.2 4-1.6 

Sample  # I I  

# 1 ~ 2 # 3 ' A v g  K n o w n  Abs. 
E r r o r  

Tr i -  14.0 11.1 12.2 12.4 11.3 4-1.1 
Di-  45.6 47.6 48.3 ] 47.2 47.0 4-0.2 
Mono- I 40.4 / 41.3 I 39.5 / 40.4  I 41.7 I - -1 .3  

Sample  # I I I  

1 -3~ 2 # 3 Avg  K n o w n  Abs. 
E r r o r  

Tr i -  63 .0  65 .6  I 66 .0  I (14.9 I 67 .7  - - 2 . 8  
I) i -  13.0 12 .6  12.4 12.6 11 .6  / 4 1 . 0  
Mono- I 24.0 I 21 .S 21.6 I 22.5 i 20.7 [ --bl.8 

F i g .  6. C h r o m : ~ t o l d : ~ t e  o f  t h e  s e I ) a r a t e d  m ; i j o r  l i p i d  e l ' t s s e s  
in 4 s o l v e n t  s y s t e m s  on  t h e  s , m e  p l a t e .  

A.  5 %  e t h e r  i n  p e t r o l e u m  e t h e r  I .  ( ] h o h , s t e r o l  o l e a t e  
B .  5 0 %  e t h e r  -+ 0 . 5 %  H A C  in  2. T r i o l e i n  

petroleum ether 3. Oleic acid 
(L 15~/~ eth(~r t 1 %  I I A C  h ,  4. ( ' h o h ~ s t e r o l  

p e i r o l t ! u l n  ether 5. I m c i t h i n  
1). 7 ( ~ : ? , 0 : 4  ( ~ l l ( ~ l , : M e o I l : l l ~ ( )  ~r . " . . . . . . . . .  'li" 

of suitable ref(,rem.e standards. Moreover, since most 
natural mixtures of lipids contain compounds with 
wi(lely different polarities, the use ()t' ret!erence stand- 
ards ix re(~omnten(le(l whenever lhey are available, 
l)(,(,allse they I)(,rmit tim analysis lo be carried out 
on a single l)late as well as elimimtting variations 
due to charring. The gem, ral l)roe('(lure in the analy- 
sis of a smnplc with standards is illustrated m 
Fi~m'(, 5. l~sually, 4 sa/nl)h,s of both reference stan(l- 
nrd and samph, are spotted on a single plate. Since 

Fig. 7. Chromatoplate illustrating path method for the 
analysis of lipids with tripa]mitin developed to different Rf 
values. 

A. 5% et~O in petroleum ether. 
B. 10% e%O in petrolemn ether. 
C. 15% et20 in petroleum ether. 
D. 20% et20 in petroleum ether. 

the standard curve for each eomp(mnd |)asses through 
the origin, 4 samples of the same cOm'l~ can be ana- 
lyzed and the average of the 4 wdm,s (~ompared 
dire('tly with that of the sample. For  example, if 
the aw~rage area for a 10 ~g load of tim standard 
triglyceride was 400 and the awn.age of 1he unknown 
samph! W~rS 2()(), it could be eonelmh,d that the un- 
known sample coniained 5 t~g triglyt'eride. The per- 
eentage eonilmsition is then ealeulatq,tl from the 
amount of samI)le spotted on the plate. In addition 
to the use of standards, or if s tandards are not 
available for all components of a mixture, each com- 
pound niay be migrated to an Rr wdue tmiw(,en 0.3- 
0.8 for direct comparison of areas. In order to 
eliminate variations from one ehromaioplate to an- 
other, such an analysis is usually earri~,d out on the 
sam(; plate by dividing it (scoring the adsorbent 
layer) into sections, one section for each different 
solvent system. 

This technique is demonstrated on a model mixture 
of the lipid classes in Figure  6. After the sample 
in the first section is developed, the adsorbent layer 
is scraped from the bottom of the ehromatoplate 
above the height of the solvent i ,  the chromato- 
graphic jar. Then another sample is spotted in the 
second section of the ehromatoplate. Af ter  it has 
developed, the procedure is repeated mltil all of the 
compounds of the mixture have been developed to an 
Rf in the range of from 0.3 0.8. For  the greatest pos- 
sible accuracy, this technique may be applied along 
with reference standards. 

In the analysis of radioactive lipids, reference 
standards of known activity must be applied to the 
same plate as the sample in order to normalize the 
conditions of exposure to the X-ray  film and the 
photographic development of the film. 

Path Method of TLC. This method is illustrated 
in Figure  7. The sample is developed between lines 
scored in the adsorbent. The lines fix one dimension 
of the spots; the other dimension, as well as the 
maximum density of the spots, is determined by 
passing the spots over a slit shorter than the distance 
between the lines. The product  of the area of the 
spot (calculated from the dimensional measurements) 
and the max density form a linear relationship with 
the amount of material  in the spot. The disadvantage 
of this method is that the efficiency of separations 
is decreased because relatively large samples must 
be applied to the plate. We have applied the prin- 
ciple of the path method in the analysis of triglye- 
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TLC Analyses  of S t a n d a r d  Mixtures  of L i p i d  Classes 

B L A N K  E T  A L . :  Q U A N T I T A T I V E  A N A L Y S I S  OF I ~ I P I D S  B Y  TLC 

Sample  r I 

Abs. 
r 1 ;t~ 2 ~: 3 Avg  K n o w n  E r r o r  

C.E. 19.5 19.0 18.6 19.0 18.8 + 0 . 2  
r .G.  19.2 18.8 20.2 19.4 18.8 + 0 . 6  
F.F.A, 23.0 23.3 23.4 23.4 28.2 + 0 . 2  
CI-IOL. 20.0 20.3 19.8 20.0 20.3 --0.3 
H.L.  18.3 19.6 58.0 18.6 20.1 --1.5 

Sample ~ I I  

Ahs. 
~: 1 ~ 2 ~ 3 Avg  K n o w n  E r r o r  

C.E. 9.0 8.5 7.0 8.2 7.4 + 0 . 8  
r .G .  27.7 26.9 26.8 27.1 26.1 + 1 . 0  
F.F.A. 31.6 31.0 30.6 31.1 30.4 -t-0.7 
CHOL.  25.6 26.8 28.3 26.9 28.2 --1.3 
I-I.L. 6.1 6.8 7.3 6.7 7.9 --5.2 

Sample r 

~ 1  ~ 2 ~ 3 Avg  K n o w n  Abs. 
E r r o r  

C.E. ~ 11.1 9.6 ~ ~ +1 .1  
T.G. 46.0 43.3 a5.0 44.8 45.9 --1.1 
F.F.A.  11.1 11.8 10.8 11.2 10.7 + 0 , 5  
CHOL.  10.2 11.7 10.4 10.8 / 1O.0 + 0 . 8  
H.L .  22.7 23.1 24.2 23.3 / 24.3 --1.0 

C.E. : Cholesterol  P a l m i t a t e  
T.G. = T r i p a l m i t i n  
F.F.A.  ---- Pa lmi t i c  Acid  
CI tOL.  = Cholesterol  
H.L.  = H y d r o g e n a t e d  Lec i th in  

eride s t ruc ture  (32). Since the components in the 
analysis of these compounds have very  similar  struc- 
tures, they  give spots of the same shape and char- 
acteristics. Thus, it is not necessary to develop the 
spots in channels to control their  shape. Al though 
this method has special appl icat ion in the analysis 
of t r iglyceride s t ructure,  it has no par t icu la r  ad- 
vantage  over the normal  procedure using a slit just  
longer than  the diam of the spot especially when 
reference s tandards  are available. 

Analysis of Standard Mixtures. The precision of 
the method for  the analysis of the lipid classes which 
is f requent ly  found as a major  component  of lipids 
shows in Tables I I ,  I I I ,  IV. The absolute error  in 
these analyses is about • 1.5%. The solvent systems 
used for these separat ions may  be var ied somewhat 
f rom that  employed in this s tudy  for  ideal separa- 
tions, depending on the act ivi ty  of the chromato- 
plates. 

Analysis of Natural Fats. Rat  liver l ipid was se- 
lected to i l lustrate  the appl icat ion of the method to 
a na tu ra l  fa t  because it contains appreciable  amounts  
of both neut ra l  and phospholipids, and because this 
l ipid is f requent ly  the subject of biological studies. 

The lipid was extracted f rom the livers of animals, 
killed by  exsanguination,  with chloroform-methanol  
(2:1, v / v )  in a Servall  Omni-Mixer. The solutions 
f rom 3 extractions were combined and evapora ted  
to near  dryness.  Then the aqueous f a t t y  residue was 
dissolved in ca. 100 ml diethyl ether and dried over 
anhydrous  sodium sulfate. By  repeat ing this process, 
the water,  as well as the chloroform and methanol,  
was removed. The solutions were main ta ined  under  
an atmosphere of ni t rogen throughout  all operations 
to avoid oxidation. 

The composition of the neut ra l  lipids was deter- 
mined first on an aliquot containing a known weight 
of the sample dissolved in low boiling pet roleum 
ether (35-60C) by the method i l lust ra ted in F igure  
5. Cholesterol oleate, triolein, oleic acid, cholesterol 
and hydrogenated  lecithin were used as s tandards  
for  the analysis. The " p o l a r  l i p i d s "  were est imated 
by  difference because, as indicated above, densi- 
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T A B L E  I V  

Si l i c ic  Acid Column Chroma tog raphy  vs. TLC Analyses  of 
R a t  L i v e r  L i p i d s  

( an ima l s  on di f ferent  fa t  supp lements )  

1 0 %  Corn Oil Fa t -Free  1 0 %  L a r d  

Column TLC Column TLC Column TLC 

~.E. 6.2 7.2 7.0 7.5 2.8 3.7 
r .G.  48.0 49.4 18.8 20.7 69.5 67.6 
F.F.A. none none 1.5 2.5 1.0 4.0 
;terols 2.4 3.8 5.8 7.0 3.0 6.5 

P.L. a 43.4 39,6 66.9 62.3 23.7 18.2 

a By  difference on both column and TLC. 
S.E. = Sterol  esters. 
T.G. = Triglycer ides .  
F .F.A.  = Free  fa t ty  acids.  
P.L.  = Po la r  l ip ids  ( cons i s t ing  most ly  of phospho l ip id s ) .  

t omet ry  of a spot on the origin did not give reliable 
results. The results of the analysis by  the simple 
system described above show in Table V. 

The analysis  of this f a t  was also carr ied out by  a 
corresponding simple silicic acid column chroma- 
tographic  method. The results also show in Table V. 
The column analysis was carr ied out by  the stepwise 
elution of a 2-g sample f rom a column 20 cm long 
and 4.7 cm in diam. The elution was s ta r ted  with 
petroleum ether (bp 35-60C) and continued unt i l  
all of the sterol ester f rac t ion  was eluted as deter-  
mined by  TLC analysis. The elution was then con- 
t inued with 10% ethyl  ether in pe t ro leum ether unt i l  
all the t r iglycerides were eluted. The sterol f rac t ion  
which consisted ma in ly  of cholesterol was eluted next  
with 50% ethyl ether in pet roleum ether. When  the 
free f a t t y  acid content  of the ]ipids is less than  5%, 
the amount  of it  which contaminates  the other frac-  
tions is ex t remely  small, and the bulk of it is eluted 
in the last  f rac t ion  with ethyl ether containing 1% 
acetic acid. 

The polar  lipids were eluted with methanol ;  but,  
since f requent ly  the complete recovery of these com- 
pounds was not practical ,  they were est imated by  
difference. Comparison of results in Table V shows 
that  the results of the TLC method agree well with 
those of column method and indicate tha t  TLC m a y  
be used for  the quant i ta t ive  analysis of the neu t ra l  
lipids. 

The neutra l  l ipids of some fa ts  m a y  contain ap- 
preciable amounts  of lipids other than  those listed 
above;  for  example,  some fish oils contain appreciable  
anlounts of glycerol ethers. These m a y  be analyzed 
by the same general  technique using the app rop r i a t e  
s tandards.  I t  may,  of course, be desirable to use 
more than  one solvent system to f rac t ionate  all the 
components.  I n  this case, one component  which gives 
a measurable  spot in both solvent systems is used to 
normalize all the values. Separat ions in different 
solvent systems m a y  be carr ied out on the same pla te  
by employing the technique i l lustrated in F ig u re  6. 

Polar  l ipids are analyzed in the same manner  as 
the neut ra l  lipids with the appropr i a t e  solvent sys- 
tem on a small sample isolated by  p repa ra t ive  TLC.  
The recovery of the polar  lipids is usual ly  carr ied  
out by scraping this f ract ion f rom a plate  while it 
is still wet with solvent. The mater ia l  scraped f rom 
the pla te  is s lurr ied with water  and placed in a small  

T A B L E  V 

TLC Analys i s  of a S t a n d a r d  Mix tu r e  of P o l a r  L i p i d s  

-~ 1 :i~ 2 r 3 Avg  K n o w n  Abs.  
E r r o r  

Cerebrosides ............. I 23.3 I 21.9 I 20.6 I 21.9 I 20.8 I @1.1 
Phosphatidyl I I I I I I 

e thanolamine  ........ I 24.9 I 23.9 I 24.2 I 24.3 I 23 .3  [ -1~1.0 
Lec i th in  .................... [ 41.2 I 42.4 42.0 I 41.9 I 44.8 [ - -2 ,9  
Sph ingomye l in  .......... t 10.6 I 11.8 13.2 t 11.9 I 11.1 [ + 0 . 8  
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T A B L E  ~ri  

Ana lys i s  of R a t  L i v e r  P o l a r  IApids  
( 1 0 %  corn oil supp l emen ted  d ie t s )  

P e r c e n t  Compos i t ion  

Si l ieie  
Acid  T L C  

Column 

26.0  31.0 
52.4  50.6 
14.0 16.0 

2.7 2.4 
4.9 .... 

P h o s p h a t i d y l  e t h a n o l a m i n e  .......................... 
Lec i t h in  ......................................................... 
S p h i n g o m y e l i n  ............................................... 
O thers  ............................................................ 
LOSS ............................................................... [ 

S O C I E T Y  V O L .  4 1  

sintered glass funnel  through which it is filtered 
by means  of suction. W h e n  most of the water has 
been filtered, the adsorbent is washed with methanol 
several times and finally with chloroform. The sam- 
ph'. nlay be recovered as previously described or by 
ewq>orati<>n <if the solvent under  reduced pressure. 

To illustrate the application of the method to a 
mltnral mixture of the polar liIlids, a sample isolated 
frmn the livers of the corn oil suppMnented group 
of rats was analyzed (Table VI).  For  comparison, 
a sanlplc also was analyzed fly silMe acid collnnn 
chronlatogral)hy by essentially the. same elution 
sellcnlc (leSl'l'illed by Rho<les and Lea (10,11). I11 
this schenle, ihe ehltion was started with chh>rofllrm 
which renloved If'aces of i,UkllOWn niaicl ' ia l .  The 
Iihl,sllhalidyl elhal|olanlilW fraction was eluted next 
with a 9:1 (v /v)  ratio 11t! chhn'oform-nlclhanol. When 
all t]ul a I ra te  of this fraction had emerged, the 
ell|lira1 was i~ontinued with a 7:2 (v /v)  ratio of 
chloroform-nlethano]. A small intcrlncdiate fraction 
was obtained, after  which the nlain bulk of the 
lecithin was eluled with a 7::1 ratio of these solvents. 
Toward tlle end of the elulilln of the lecithin, some 
sl]hingolipids started to mllerge from the cohnnn. 
These fractiol|S were c</llc<.Je<l separately, then the 
sllhingolipids were elated with methanol. The entire 
t'ra<,tilmati<m was followed by TLC analysis. Analy- 
sis of the mixed fractions was deternlincd by the 
qllamilatiw, TLC technique, as well as by IR spectral 
analysis, as ilescribed by SInilh and Freeman (40). 
'I'll(, results in Table VI  were calculated front the 
weights of the pure fractions corrected for the 
alllOlllllS ill the mixed fractions. The vahles obtained 
by tim two methods agreed w'ell, attd indicated that 
the method is applicable to polar lipids. 

No attenlpt was made to nlake a detailed analysis 
of the COnllmnellts of the liver polar lipids because 
resohl/ion of many acidic from nonacidie lipids can- 
not be effec.ted on silicic acid (16). However, since 
such separa|imls are readily performed on D E A E  
columns (171 the problem of the analysis of complex 
lipids is lleing attacked by a combination of this 
technique and quantitative TLC in a collaborative 
effort by the authors with George Rouser and his 
co-workers. 

A'nalysis of Radioactive Lipids. Results in Figure  
8 demonstrate that the activities in the spots form 
a linear relationship with peak area of the spots on 
the X-ray  fihn determined by densitometry as de- 
scribed above. Thus, it is .possible to determine the 
distribution of radioact ivi ty  among  the components  
of the mixture  by the same general technique em- 
ployed with charred spots. 

B y  combining the charring technique with auto- 
radiography,  specific act ivi ty  can be determined. 
When  care is taken to insure against  saturation of 
the X-ray  film, the radioact iv i ty  of  unknown com- 
pounds can also be determined. Radiometrie  methods 
of analysis  used in conjunct ion with  TLC have the 
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F i g .  8. S t a n d a r d  eUl'Ve o f  c h o l e s t e r o l  D a l m i t a t e - l - ( Y  ~ s h o w  
intz re l : t f ionsh ip  b e t w e e n  p e a k  a r e a  a n d  rgldioaet iv i ty .  

adwmtage of speed and greater sensitivity when 
scintillation counters arc available. IIowcver, in 
many instances, par t icular ly  with poorly resolw,d </r 
(qmlplex mixtures, it is necessary to locale ihe post- 
lions of radioactive lipids by autoradiograllhy. Thus 
the al/ove IIrocedure serw,s as a good adjunct  to 
radionletric nlcthods, and, in combination with carbon 
ana lys i s  as described above, ]wrlnits the determination 
of sIlecific activity. 
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