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For fur the r identification the unknown hydroxy
e s t e r should be converted to the acetoxy ester. Us ing
the polyester column and 12-aeetoxystearate as stand-
ard it can be seen from Figure 1B that 14-aeetoxy
ester can be partly resolved from 12-ester if the rela-
tive amt in the mixture are suitable a n d that 2-,3-,4-,
15-,16-,17- and 18-acctoxy esters are part ly o r com-
pletely separated. If the unknown hydroxy ester is
converted to the oxo e s t e r (2,11) fu r the r information
can be obtained by analysis on the QF-1 cohmm, par-
ticularly a b o u t isomers with t h e substituent a t posi-
t i ons 4-8. Fo r this purpose it was f o u n d best t o use
a 12 ft x ~4'6 in . eolunm, as was used to obta in Figure
1C, instead o f the 6 ft x :}{6 colmnn used to o b ~ i n
the ca rbon numbers. Figure 1C shows t h a t the 2-,4-,
5-,I6- and 17-oxo esters M1 are separated from each
o t h e r a n d t h a t 6mxo is part ly separated from 8-oxo.
Using this column the 6- and 12-oxo esters are con>
pletety separated, 7- and 12-oxo esters are part ly sep-
a ra ted and 8-oxo e s t e r frames a pronounced shoulder
on the 12-oxo ester peak. Thus by using a combina.
tion o f the three types o f oxygenated e s t e r and the
three columns 2-,3-,4-,5-,6~,7-,8-,14~,15-,16~,17- a n d 18-
isomers can be identified using the 12-isomer as a
known standard but the 9~,10~,11- a n d 13dsomers can-
not be characterized in this way.
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of Mixtures DEAE
Cellulose Column With
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Abstract
A quantitative chromatographic procedure fo r

the fractionation o f complex lipid mixtures is de-
scribed. The method utilizes diethylaminoethyl
( D E A E ) cellulose column chromatography fol-
h)wed by thin layer chromatography ( T L C ) .
Spots produced in TI~C are char red with Slflfuric
acid~pctassiunl dichromate and heat and are then
measured by quantitative densitometry. Results
obtained with beef brain and beef heart n/ito-
ehondrial l ipids are presented, a n d the close cor-
respondence between column isolation procedures
and the new procedure is demonstrated. Methods
utilizing only column chromatography, column
chromatography and TLC, and one- and two-
dimensional TLC wi thout column chromatogra-
p h y are compared.

Introduction

C It~MATOGRAPHIC PROCEDUR~:S are ~21idely used fo r
the determinat ion of lipid class composition. St-

lisle a d d column chromatography has been the most
commonly utilized approach based on the init ial ob~

servations o f Borgstrgm (1), Fillerup and Mead (2),
Barren a n d Hanahan (3) and Lea e t a l . (4). Di-
ethylaminoethyl ( D E A E ) cellulose column cbroma-
togr~)hy was introduced by Rouser et al. (5) to elimi-
slate the problem of the elu t ion of acidic l ipids with
o t h e r lipid classes encountered with silicic acid c o l
mnn chromatography, D E A E column chromatography
combined with si] idc acid eohlmn chromatography and
with silieic aeid~silicate column chromatography was
used to obtain separation o f nmst lipid classes o f brain
(5,6) and other mixtures (6). Recently, Pr ivet t and
Blank (7) and Blank e t aL (8) have great ly extended
the possibilities o f TLC for quantitative applications.
These investigators demonstrated that a s p r a y reagent
composed of HAS04 and potassium diehromate can be
used to c h a r spots obtained by TLC to a reproducible
optical density. U n d e r p r o p e r conditions the extent
of charr ing is independent of the degree of unsatura-
lion of lipid classes such as lecithin and sphingomye-
lin, can be made to give a l inear response over a fairly
wide concentration range , and is readily determined
by transmission densitometry.

The p r e s e n t report describes a new approaeh to
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T A B L E I

DEAE C o l u m n C h r o m a t o g r a p h y

S o l v e n t

( J / ~ 9 / 1

C / M 7 / 3
(~H~OH
H A e / C t I C i a 6 / 1
H A e
C H s 0 H
C/~f 4 / 1 c o n t a i n i n g

2 0 m l 2 8 % a q u e o u s
a m m o n i a per later
a n d 0 . 0 1 M N H ~ A c
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T A B L E 1 I
C o m p a r i s o n o f C o l u m n a n d D E A E ~ T L C V a l u e s f o r B r a i n L i p i d s a

C o m p e n e n t s o f f rac t ion

c h o l e s t e r o l , ee reb ros ide ,
l e c i t h i n , s p b 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
w a t e r s o l u b l e n o n l i p i d
p h o s p h a t i d y l s e r i n e
g a n g l i o s i d e s
n o n e ( u s e d t o r e m o v e HAc)
sulfatides~ p h o s p h a t i d y l i n e s i t o L

c a r d i o l i p i n , p b o s p h a t i d i c a c i d ,
t r i p h o s p h o i n o s i t i d e , a n d
uneharaeter ized c o m p o n e n t s

Vo l (ml)

5 5 O
3 5 0
5 0 0
5 0 0
4 0 0
7 5 0

C = ehloroform ; M : m e t h a n ~ i l ; H A s : g lac ia l a c e t i c ac id . Vo l o f
s o l v e n t are f o r a c o l u m n 2 0 x 2 . 5 ( i d . ) cm p r e p a r e d wi th 1 5 g D E A E
a n d ] 5 0 m g o f w h o l e beef b r a i n l i p i d appl ied as s a m p l e ,

quantitative analysis of lipid elass composition u s i n g
DEAE cellulose colmnn chromatography eombined
with quantitative TLC. Usefu l new one- and two-
dimensional TLC methods are also described.

Materials and Mothods
Extraction of Li~ids and Column Chromatography.

Chloroform/methanol 2 /1 extracts o f whole beef brain
were prepared and the lipid class composition deter -
mined by chromatography on magnesimn silicate,
DEAE cellulose, silicic ac id , a n d silicic acid-silicate
columns (6). The values obtained fo r lipid class com-
position by these column chromatograplfic procedures
were obtained fo r comparison with the new D E A E -
TLC procedure and the pure lipid classes isolated by
column chromatography were used as standards fo r
quantitative TLC.

Beef heart mitochondria] l ipids were extracted with
chloroform/methanol 2 /1 (6) by Sidney Fleiseher.
The mitochondria were isolated and characterized by
electron microscopy and enzymatic assays a t The In -
stitute fo r Enzyme Research, University o f Wisconsin.
The mitoehondrial l ipids were analyzed previously by
column chromatography (9) and the values fo r lipid
class composition from these investigations were com-
pared with values obtained by t h e new D E A E - T L C
procedure.

DEAE cellulose column chromatography was carr ied
out with columns 2.5 (i.d.) x 20 cm packed with 15 g
o f DEAE (6). The details o f the ela t ion scheme em-
ployed fo r brain l ipids are shown in Table I.

Thin Layer Chromatography, Severa l adsorbents
were used fo r TLC. Silica Gel G (Research Specialties
Co., Richmond, Calif.) was used m preliminary
studies, b u t this adsorbent was inferior to a n ad-
sorbent prepared by nlixing nine par ts o f Silica Gel
Plain (Research Specialties Co.) with one part of
reagent-grade, anhydrous CaSO4. The best adsorbent
fo r most purposes, however, was prepared by mixing
nine par ts o f Silica Gel Plain with one part o f finely
powdered magnes ium silicate (Allegheny Indus t r i a l
Chemical Corp. , Butler, N.J.).

Commercial Silica Gel G preparations contained ira:
puri t ies which could be removed by washing with
chloroform/methanol 1 /1 (3-4 bed volumes) followed
by dry ing u n d e r n i t rogen as described by R o u s e r et
aL (10) fo r the prepara t ion o f silicic acid fo r column
chromatography.

To obtain very even layers adsorbents are s p r e a d
over plates using a relatively di lute slurry in wate r
o r 0.01 M aqueous NaC1. Thus 20-30 g o f adsorbent
with 60-75 ml o f wate r o r 0.01 M NaC1 will s p r e a d
five 20 x 20 cm plates. Different batches of adsorbent
may require different amt o f water , although a 3/1
water/adosorbent ratio is generally applicable. Both
fixed distance and adjustable spreaders have been used
and t/he fixed distance (ca. 250 ~) s p r e a d e r in corn-

S u b s t a n c e C o l u m n ~

C h o l e s t e r o l
"Ceramide" e . . . . . . . . . . . . . . . . . . . . . . . . . .

C e r e b r o s i d e
S u l f a t i d e
L e c i t h i n
S p h i n g o m y e l i n . . . . . . . . . . . . . . . . . . . . . . . . . . . .

P h o s p b a t i d y l e t h a n o | a m i n e . . . . . .

P h o s p h a t i d y l s e r i n e. . . . . . . . . . . . . . .
G a n g l i o s i d e s
P h o s p h a t i d y l i n o s i t o l . . . . . . . . . . .

2 0 . 3
0 . 3 1

1 3 . 1
4 . 0

1 4 . 0
7~5
2 . 5
2~0

D E A E ~ T L C D i r e ~ TL(3

2 0 . 4 1 9 . 0
9A3 9A3

1 3 . 5 1 3 . 7
4 . 0 4 . 0

l 1 , 3 . . . .
7 . 9

1 4 . 0 ~l 1 4 7
7 . 5 d . . . . .
2 . 5 a . . . .
2 . 0 . . . .

a A n a l y s e s c a r r i e d o u t o n a beef b r a i n wi th a l i p i d c o m p o s i t i o n more
l i k e beef b r a i n w h i t e m a t t e r than t h e u s u a l wh(f ie h r a i n .

b A m a g n e s i u , n s i l i ca te c o l u m n eluted wi th c h l o r o f o r m , ch lo ro fo rm/
m e t h a n o l 9 5 / 5 , a n d c h l o r o f o r m / m e t h a n o l 2 / 1 (al l s o l v e n t s ~ n t s i n i n g
5 % 2 , 2 ~ d i m e t h o x y p r o p a n e ) t o g i v e c h o l e s t e r o l , "ceramide / ' a n d s e r e
b r o s i d e p l u s s u l f a t i d e f rac t ions re spec t ive ly as descr ibed b y R o u s e r e t aL
( 5 ) was u s e d . T h e m i x t u r e o f e e r e h r o s i d e a n d s u l f a t i d e was separated
o n a D E A E c o l u m n b y e l a t i n g wi th c h l o r o f o r m / m e t h a n o l 9 / 1 f o r sere*
b r o s i d e fol lowed b y s e v e n c o l u m n w) lumes each o f m e t h a n o l , ch lo ro fo rm/
a c e t i c ac id 3 / I c o n t a i n i n g 0 ~ 0 I M a m m o n i u m aceta te , m e t h a n o l , a n d
g lac ia l a c e t i c ac id t o r e m o v e i m p u r i t i e s , a n d pure s u l f a t i d e was then
e l a t e d wi th c l f l o ro fo rm/me thano l 4 / 1 c o n t a i n i n g 2 0 ml / l i t e r o f 2 8 ~
a q u e o u s a m m o n i a a n d m a d e 0 . 0 1 M wi th a m m o n i u m aceta te .

e T h e "eeramide" f rac t ion c o n t a i n s o t h e r l i p i d s ~
a T h e s e l i p i d c la s ses de te rmined d i rec t ly b y DEAE c o l u m n e h r o m a t o g o

r a p h y w i t h o u t T L C .

m(m use is prefer red . Af t e r spreading, plates are
stored in an air , t ight box. t t ea t actiw~tion is carr ied
out j u s t before TLC a n d accomplished a t 1~()-130C
for 20 rain . Af t e r heating, the plates are cooled fo r
30 rain , spotted with a mi(rosyringe, and placed im-
mediately in the developing chamber.

The following neu t ra l soNents are used fo r ascend-
ing chromatography: 1) chloroform(determinat ion o f
cholesterol); 2) cMoroform/methanol 98/2 (deternfi-
na t ion of cholesterol, ceramide, monoglyceride and di-
glyceride) ; and 3) chloroform/methanol/water mix-

~ ~ 3tares (65/25/4, 65/30/5, 65/35/5, 60/3aft , 60/40/5,
and 6 0 / 4 0 / 8 ) f o r the determinat ion of phospholipids,
eerebrosides and sulfatides. The choice o f solvents and
solvent ra t ios depellds upon the substances to be dc-
ternfined and the characteristics o f each batch o f ad-
sorbent. Usefu l acidic solvents are n-butanol/acetic
ac id /wate r (60/20/20) and n-propanol/acetic ac id /
wa te r (60/20/20 a n d 80/I0/10). Two-dimensional
TLC is carr ied out generally u s i n g chloroform/metha-
no l /wa te r 65/25/4 in the f i r s t dimension followed by
dry ing in air fo r 10 rain a n d development with n-
butanol/acetic ac id /wate r 60/20/20 in the second di-
mension. The same type and size of chamber, p a p e r
liner, and method of sa tu ra t ion o f the l iner is used
as described fo r silicic acid impregnated p a p e r ch ro -
matography ( 1 1 ) . Chambers are l ined on all sides
with p a p e r (Whatman No. I or 3 MM) saturated with
solvent j u s t before use in o rde r to obtain reproducible
results with s t ra igh t solvent f ron t s . F resh solvent
(ca. 200 ml) and chamber liners arc used fo r each run.

Chromatograms developed with neu t ra l solvents are
air dr ied fo r several rain while chromatograms devel-
oped with acidic solvents are dr ied fo r several h r be-
fore spraying. Chromatograms are sprayed with a
reagenL similar to t h a t o f Privet t and Blank (7),
p repared b y dissolving 1.2 g o f KuCr207 in 200 m l
o f 55% reagen t g rade tt2S04. Spraying is performed
with a very fine mis t t h a t is allowed to cover the pla te
completely and m:fiformly b u t wi thout the pla te be-
coming visibly wet. Spots are developed in a n oven a t
180C for 30-60 rain (o r unt i l fumes cease to a p p e a r
from the pla tes) . Each pla te is cooled, the back side
cleaned b y wiping with p a p e r moistened f i r s t with
chloroform and then with water , placed on the stage
o f t h ( densitometer, a n d densities determined e i the r
manually o r automatically. A Model 530 Photovolt
densitometer equipped with a stage fo r 20 x 20 cm
glass plates, a Varicord recorder (Model 42B) and in-
t eg ra to r (Model 49) were used.
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FI(~. I . Chrematogram prepared ush~g S i l i ca Gel G a n d chloroform/methanol/wate,. (65/25/4) to show the puri~y of several
s t a n d a r d substances utilized for quantitative TLC. Spottings are l0 ~ each e f 1) chelesterol, 2) cerebroside (three distinct spots
produced), 3) lecithin, and 4) sphingomyelin followed by 5) the mixture of cholesterol, eerebrosidc, lecifhin, a n d sphingomyelin of
b r a i n l i p i d s eluted from DEAE with choloroform/methanol 9/]..

Fire 2 . Chrmnatogram prepared u s i n g S i l i ca Gel G a n d chloroform/methanol 98/2 a s solvent for the quantitative determination
o f cholcst~erol and "ceramide. ~' Alternate spottings are from a s t a n d a r d mixture a n d from a chloroform/methanol 9/1 eluate from
a D E A E column. The s t a n d a r d mixture contained 5 # g each of from above downward tripalmitin, dipalmitin and monopahnit in,
The spots visible on the sample from b r a i n l i p i d s are a t r a c e hydrocarbon a n d other components migrating to and nearly to the
solvent front , a very l a rge spot of cholesterol, ~. (*.lear spot in the ceramide region of the chromatogram, a ~ d a la rge arat of material
that f a i l e d to m i g r a t e from the origin (lecithin ~4 sphingomyelin). The plate was used for the estimation of the amt o f '~ceramide ~'
in beef b r a i n (see w~lue in Table I I ) . I n this determination monopahaitin was u s e d a s a standard for eeramide.

FI(~° 3 . (flromatogram prepared u s i n g S i l i ca Gel @ ami ehloroform/methanel/water 65/35/5 for the determination of ccrebroside,
lecithin a n d sphingomyelln in the chloroform/methanol 9/1 eluate from a DEAE column with b r a i n lipids applied. Spotting is l )
10/~g o f lecithin s t a n d a r d ; 2) a mixture of s t a n d a r d s (cholesterol, cerebroside, lecithin, and sphingomyelin, 12.5 #g e a c h ) ; a n d 3)
the chloroform/methanol 9/1 cluate from a D E A E column with b r a i n l i p i d s applied showing cholesterol, eerebroside, lecithin and
sphingomyelin (total wt of sample 50 ~g). The other 4 spottillgs are alternately a mixture of s t a n d a r d s and the chloroform/methanol
9/1 eluate so that an average value could be obtained for the t h r e e l i p i d s b e i n g determined,

FaI. 4 . A chromatogram prepared u s i n g S i l i ca Gel G amd chloroform/methanol/water 65/35/5 as solvent. The p l a t e was used
for the quantitative determination of the amt of s u l f a t i d e present in a chloroform/metbanol/ammonia/ammonium acetate eluate from
a D E A E column (see value in Table I I ) . Spottings 1 , 3 and 5 from 10 ~ g of sulfa¢ide (giving 2 distinct spots) a n d spottings 2,4
and 6 from 25 ~g of a mixture of l i p i d s eluted fr()m D E A E with ehloroform/mcthanoI 4/1 containing 20 ml/liter of 28% by wt
aqueous ammonia and made 0,01 M with respect to ammonium acetate. The mixture contained sulfatide, phusphatidyl inositol, aml
material f a i l i n g to m i g r a t e from the origin.

~I(~. 5 . A ehromatogram prepared for the quantitative determination of cardiolipin, phosphatidyI ethanolamine, a n d lecithin in
beef heart mitoehondria u s i n g a n adsorbent composed of nine p a r t s of S i l i ca Gel ]Plain (silicic ac id ) and one part of magnesium sili~
care a s adsorbent with chloreform/methanol/water (65/25/4) a~ soIvent. The sample was spotted a s a row of small spots. Spottings
1 , 3 a n d 5 are 100 ~ g of roitochendrial l i p i d a n d 2 a n d 4 are a mixture of cerebroside (10 ~g), phosphatidyl ethanolamine (20 ~g)
a n d lecithin (25 g g ) . Note the discrete a n d well formed spots u s i n g this absorbent a n d in particular the much more discrete nature
o f the cardiolipin spot with this adso:dbent a s compared to adsorbents containing caleimn s u l f a t e (see F i g . 6).

FIe. 6 . A chromatogram prepared u s i n g an adsorbent composed of nine p a r t s of S i l i ca Gel P l a i n a n d one part of anhydrous rea-
gent g rade calcium s u l f a t e s p r e a d u s i n g 0.01 M sodium chloride solution instead of w a t e r . The chromatogram was developed with
chloroform/methanol/water 65/25/4. The p l a t e was used for the quantitative determination of phosphatidyl ethanolamine in beef
h e a r t mitochondrial lipids. Spottings 1 , 3 a n d 5 are 25 ~ g o f phosphatidyl ethanolamine s t a n d a r d (isolated from b e e f b r a i n l i p i d by
elution from a D E A E column with chloroform/methanol 7/3) w h i l e spottings 2 , 4 a n d 6 are I00 ~g of chloroform/methanol 2/1 ex-
t r a c t o f beef h e a r t mitochondria. The components in the mitochondrial l i p i d mixture are from above d o w n w a r d ; l i p i d s less p o l a r
than cholesterol mixed with the impurities in the adsorbent that are pushed to the solvent front , cholesterol immediately behind
the solvent front , cardiolipin ( g i v h l g a diffuse spot), phosphatidyI ethanolamine, lecithin, a t r a c e of sphingomyelin, phosphatidyl
iuositol, sucrose (introduced d u r i n g isolation o f mitochondria in 0.25 M sucrose), a n d a trace of more polar material f a i l i n g to mi-
g r a t e from the origin. Note the rather diffuse spot o f cardiolipin a n d compare this with the more discrete spot obtained with silieie
acid plus magnesium silicate a s adsodbent ( F i g . 5 ) .
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R ~ u l t s
Bee]" Brain a.~ut Mitoeho~ritg L i p i d 1)~te~'mina~

t i ~ s . Table II l is ts the amt o f tile differew; lipid
elasses occurring in beef brain ads determined b y ee l
man chromatography alone, the DEAEoTLC pra te .
du re , and direet TLC when applicable. The relatively
close eorre~spondenee o f Yalm,s by the mnltiedumn
procedure a n d the D E A E : T L C meOmd is elear. With
the elution scheme ehosen fo r the DEAN eolnmn, pho:~-
phatidyl ethanolamine, phosphatidyl serine, and the
gangliosides are separated from the o t h e r lipid classes
(6). Similarly, t h e wate r relume nonllpid components
extraeted with l ipids are eluted from the eNumn with
methanN and do not require fu r the r consideration.
Two fractions from ~he colmnn require fu r the r f rae-
tionation and quantitative determi~ation o f the europa
~lents: the chloroform/methanol 9 /1 fract ion (eontNn-
ing cholesterol, cerebn~ide, lecithin, and sphingomye~
liu) and the ehloro%rm/methanol/ammonia/ammo~
ninm acetate fract ion (eoutMning snlfatide a n d p h o s
pha t ldy l i~msitol as pr incipal eomponems and a rmm~
ber o f minor aeidie lipid eomponents).

The puNV o f some o f the standards used fo r qum~-
t i ta t ion ks i l lustraied in Figure L Figures 2--6 Show
plates used fo r t h e quantitative determination o f brain
and mitoehondrial lipids.

The r~ults obtained fo r the m a j o r lipid e l of
mitoehondria b y the all column and D E A E - T L C pro
eedures were the same: eardiolipin, 12~8% ; ~dmspha-
t idv l ethanolamine, 23.7% ; and lecithin, 29.6%. This
relatively simple mixture was examined by' direet one~
dimer~siouM TLC a n d values o f 12.8, 30.6 and 30.0%
w(~'e obtained fo r eardiolipin, phosphatidyl e t h a n o l
amine and leeitMn, respeetively.

Figures 7 and 8 il lustrate twoodimensioual TI~C
o f beef brain a n d beef heart mitochondriM lipid mix~
tures~ @~t resolution o f M1 m a j o r lipid elaseses in
bt~h mixtures is obtained.

St>otting Procedures. Severa l spotting tect'miqn~s
were smdied~ The application o f a Nngle spot in the
usual manner gives results i lNstr~ed in Figures 1o4
and is generally useful. When a number of very smM1
spots are appl ied in a row to give more bar-shaped
spota~ on the final ehromatogram (6) res~fl~s similar to
those ilh~strated in Figures 5 a n d 6 are obtained.
Resolution is improved and more sample call be ~q)-
plied, but care musq; be taken with the present equ ip -
ment t h a t the width o f the final spot is no more than
0.90 em since this is the diam o f the aper ture o f tbe
probe. A linear response between cornea and integrated
area is obtained when spots are uniform in shape
(s~nmetNeal a n d s t reaking :%rward o r baekward ab-
s e n t ) and 0.9 em o r less in width.

The most precise re~ults are obtained by alternately
Sp~tting the ~inpIe to be anatyzed a n d s tandard lipid
preparafion~ so t h a t a t least th ree identieM aliquots
of the s~me s tandard mixture and the same sample a p -
pear ou each Nate . A minimum o f two plates is used
fo r quantitafi~,'e evaluation and thus at l e a s t six in-
depende~t de temina t ions o f both s ~ n d a r d s a n d s~m-
pies are averaged to Nee the percentage o f the b a d i
vidnat components in the stunner. This procedure
minimizes variations re la ted to differences in the uni-
formiW of adsorbent l ayers , spotting, sp ray ing a n d
eharring~ Initially when a mixture o f standards was
desired, pure s tandard preparatio~s were mixed to-
ge lhe r pr ior to spotting. This procedure has many
short.comings a n d ~ wasteful o f standard prepara~
tions~ Different proportions of the same lipid classes
a s d dilh~re~t dilutions are required so that many solu-
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Fm~ 7 . Two~dime~sional T L C of whole beef b r a i ~ l i p i d (200
#g)~ Spettb~g applied a t lower r i g h t earner enfo a plate s p r e a d
wilh a mixture o f si/ieie acid and mag~esium siIiea%e ( 9 / 1 ) De.
veloped with chloroform/methanol/water ' ( 6 5 / 5 / 4 ) i~ the f i r s
dime~sim~ (vertical), d r i e d 10 mii~ i~ a i r a n d developed ~ i h I
butanol/acetic a r i d / w a g e r (6(U20/20) i a the second dime~ m~
The plate w~s d r i e d i ~ a i r for several hr, sprayed with the s u
f a r i e aeidopota~slum diehr(m~ate reagen~ m~d h t ~ d (180C}~
Ce~ eerebroNdes; (?h, cholesterol; G, ga~glioNdes; I, impurities
in adsorbent p u s h e d tO sMve~g fr tmt ; I~:,, I e e i t h i ~ P E pho'~
phati@I etha~mh~miae; PS , phosphatidyI s e r i ~ e ; Sp~ spMnge~
myeli~; a ~ d So, sulfatides~

Fro. 8~ Twe.dimm~sioeal TL/? of b e e f hear~ miteehe~drial
l i N d s (100 ~g)~ P r e p a r e d a s described i~ Iege~d for F i g u r e 7 ,
()L, eardielip}n; P I , phosphafidyl i~msitel; S, sucrose (intro~
d~e~d i~ isoIatio~ of mitoetm~dNa); X , uneharaeterized s u b
stances r(~'naining a~ the p a b s t o f apNieatio~ of the samp/e~
Other desig~atie~s a s f o r F i g u r e 7

tions o f s t andard mixtures m u s t be available if t h e
different lipid classes are mixed together. If evapora-
tion o r oxidat io~ takes place, one lipid class may be
al tered more tbm~ the others in a mixture and the en-
tire mixture may have t o be discarded~ These pr~fi~
lems can be avoided in part by prepar ing sta:udard
solutions o f eaeh lipid class separately in specially
ground, glass~stoppered, graduated, cent r i fuge tubes
(courtesy o f Robert Cheatley, Lab Glares o f CMifornia~
Cos~a Me~, Calif)~ No significant e v a ~ r ~ i o n o f
solve1~s occurs from these tubes even af te r sMutions
are stored :in them :for several a t room temp~
I~stead o f m i x i n g lipid e l a s s ~ pr ior to spo~ing, each
lipid elass is spotted s e p a ~ t d y on the adsorbent.
Uneven appl iea t inn can be avoided b y spotting sNu-
t i ons o f different l ipids j u s t above each at/her. The
class with ~he lowest R~ value is spott~s:l a long the
line used fo r the ~ m p l e s and t31e o t h e r standards
desired are spotted :in o rde r o f increasing R~ immedio
ately above the preeeding s p o t s l~it|Ie o r no change
in R~ is observed when this procedure is compared to
the usnM teehaique o f spotting M1 standard~ as a mix~
ture to a s inNe position.

Class Sta ,for Quantitative 1'1;(7. The
basic stm~da~l to deternline a g iven Class of lipid is
a prepara t ion o f t h a t class of l ipid, but a lipid ela~s
moving in the same genera l area of the ehromatG~ram
eaa be substituted fo r determinat ion o f a n o t h e r lipid
chess. Thus, we have f o u n d it convenient to use r e ( m e
palmitin as a substitute fo r a eeramide s tandard when
determining ceramide, eerebroside as a substitute fo r
cardiolipin, and lecithin as a substitute fo r Nthe r
sphing~nnyelin, phosp4~atidyl inositol, phosphatidyl
serine o r sNfa t ide . These substitutions have been
shown to be appropr ia te by direct eompaNson o f re-
suits with both types o f standards. Substitutions can
be made when a ehromatograt~de system is used in
which the lipid be ing substituted migrates with o r
very n e a r the lipid t o be determined. Since the
el~arring reaction is dependent upon carbon content,
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the carbon content of the standards must be known
and correction factors used where carbon content is
different fo r Standards and samples.

Adsorbents. Although, as indicated above, com-
mercial Silica Gel G preparations are not the most
useful adsorbents, they can be used fo r determinations
of nonionic l ipids (sterols, glyeerides, cerebrosides)
and nonaeidie l ipids (lecithin, sphingomyelin, phos-
pha t idy l ethanolamine) as shown in Figures 1-4. The
chie f defect with such adsorbents is that spots of
acidic l ipids spread. Spreading of acidic l ipids in-
creases with increase in R~ and is very pronounced
with eardiolipin that moves near the solvent f ront
with chloroform/methanol/water 65/25/4 a n d similar
solvent mixtures. Spreading is reduced when no more
than 10% (by wt ) CaS04 is a d d e d to silicic ac id .
Maximum reduction of spreading with preparations
containing CaS04 is obtained u s i n g slurries of ad-
sorbent in 0.01 M NaC1 ra the r than wate r fo r spread-
ing. The spreading of acidic lipid spots is almost com-
pletely eliminated when magnes ium silicate is used
as b inde r instead of CaS04 (compare F igs . 5,6). The
adsorbent composed of silicic acid mixed with mag-
nes ium silicate is used routinely fo r this reason.

Discussion

The results presented above demonstrate clearly
the value o f the quantitative D E A E - T L C procedure
fo r the determination of the lipid class composition
of whole beef brain a n d beef heart mitochondria. The
advantages and limitations of the D E A E - T L C proce-
dure must be appreciated.

The column chromatographic methods presented
previously fo r the quantitative determination of beef
brain l ipids (5,6) are primary procedures that are
useful fo r quantitative determination, the isolation
of enough lipid to be used fo r characterization by
IR spectroscopy, hydrolysis, etc., a n d fo r the deter-
minat ion of fa t ty acid composition. These all-column
procedures also provide the standards necessary fo r
quantitative TLC. Column chromatography is easily
performed in a n i t rogen atmosphere to p reven t
changes brought about by autoxidation. This feature
is particularly important in fa t ty acid composition
studies. A distinct advantage of column chromatog-
raphy lies in the ease with which the investigator can
become aware of minor components of mixtures since
the minor components can be concentrated in a col-
umn frac t ion . Column chromatography can be scaled
up fo r the isolation of adequate amt o f minor compo-
nents fo r characterization by acceptable procedures.

The D E A E - T L C procedure has some of the advan-
tages of the multicolumn procedures. The number of
overlapping spots with TLC is diminished by pr ior
use of column chromatography, and column chroma-
tography is utilized fo r concentrating some minor com-
ponents fo r quantitative determination by TLC. Non-
lipid components of column frac t ions (adsorbent,
wa te r soluble nonlipids in the sample) do not interfere
with quantitative TLC. The D E A E - T L C procedure
is more rapid and requires smaller samples t h a n the
u s u a l multicolumn procedures, but the D E A E - T L C
procedure is not as suitable as the multicolumn proce-
duces fo r characterization of lipid classes and deter-
ruination of fa t ty acid composition since some lipid
classes are obtained as mixtures from the columns.

The D E A E - T L C procedure is very flexible. A wide
range of elution schemes fo r DEAE can be formu-
la ted (6) depending upon the composition of the
sample and the information desired. The solvents fo r

TLC can also be var ied depending upon the composi-
tion of the fractions and the standards available fo r
comparison with sample components.

Both two-dimensional TLC and the DEAE-TLC
procedure are of va lue fo r determining when direct,
quantitative , one-dimensional TLC can be used with-
out column chromatography. When TLC of DEAE
fractions shows that there is no overlap of spots, TLC
alone can be used fo r the or iginal lipid mixture. Cho-
lesterol, phosphatidyl ethanolamine and sulfatide of
beef brain have all been determined successfully by
direct TLC with the p r o p e r chromatographic systems.
Table II shows the results obtained fo r these three
lipid classes by TLC alone and by column chromato-
graphic methods. It is appa ren t that the results by
both methods are in close agreement.

The determination of lecithin and cardiolipin of
beef heart mitoehondria by one-dimensional TLC with-
out column chromatography gives values in close
agreement with those obtained by the DEAE-TLC
procedure. The values fo r phosphatidyl ethanolamine
by the two methods are different, however. DEAE
column chromatography gave a value of 23.7% (phos-
pha t idy l ethanolamine e lu ted with chloroform/metha-
nol 7/3) while direct TLC gave 30.6% for t o t a l phos-
phatidyl ethanolamine. This difference has been t raced
in part to the elution of "a l t e red" forms of phos-
phatidyl ethanolamine with methanol and chloroform/
acetic acid 3/1 from DEAE columns following the
elution o f the "na t i ve" lipid with chloroform/inetha-
nol 7/3. The al tered forms are not separated from
the una l te red lipid by TLC. These al tered forms may
be autoxidation products and have always been ob-
ta ined from beef heart mitochondria a n d have been
detected in lipid extracts of whole beef heart as well
(12). Since the l ipids were extracted in a nitrogeD
atmosphere and carefully protected from air, and
since the lipid prepara t ion has remained stable fo r
ever two years, it appears t h a t these al tered form.~
o f phosphatidyl ethanolamine are probably natural ly
occurring in whole beef heart and in beef heart mito-
chondria.

Two-dimensional TLC has also been made quantita-
tive (13). It lacks the precision of the all-column o r
DEAE-TLC procedures but is very u s e f u l for rapid
determinations of lipid class composition with very
small samples.
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