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Abstract 
The migration of steroid hormones on TLC 

plates is predictable on the basis of the number 
of double bonds and earbonyl and hydroxyl  
groups they contain. Developed plates can there- 
fore be divided into zones or bands corresponding 
to well-defined classes of steroids. Steroids can 
be eluted from the adsorbent quanti tat ively and 
without contamination. The e]uate from each 
zone contains a mixture which is much simpler 
than the original one. 

The conversion of OH-containing steroids to 
tr imethylsilyl  ether (TMS) derivatives is quanti- 
tat ive;  it is complete af ter  3 hr by the described 
technic. All TMS derivatives are very stable in 
CS2 solution. Whether  or not they contain OH 
groups, steroids other than eortieosteroids are 
stable under  the present GLC conditions af ter  
t reatment  with TMS reagents. With amts of in- 
jected sample increasing from 0 to 0.2/,g, a small 
apparent  increase in specific response is observed 
with some steroids. This effect is reproducible. 
The use of calibration curves obtained with an 
internal  s tandard (5a-pregnane) leads to accurate 
analyses of mixtures with injections containing 25 
nanograms (0.025 /,g) of individual steroid. 
Values obtained from single trials fall 95% of 
the time within 2% of the mean. 

Peak elution time of each compound is ac- 
eurately predictaNe on the basis of number, po- 
sition, and stereoeonfiguration of f u n c t i o n a l  
groups. 

An integrated TLC-GLC method of analysis 
based on these findings is outlined. 

Introduction 

S PEED AND RELIABILITY Of analyses by gas liquid chro- 
matography (GLC) with the flame ionization de- 

teeter  can be appreciably increased by the use of tech- 
nics which have been applied successfully with either 
volatile (1) or high boiling compounds (2). By lower- 
ing the quantities of injected compounds to the sub- 
mmrogram level, a given resolution can be accom- 
plished with shorter columns, lower temp and shorter 
elution times. Under sustained operation at low sam- 
ple level and lower temp, a higher consistency in de- 
teeter  response and in column characteristics is ob- 
tained over prolonged periods. Because analytical 
time is short, the data required for calibration and 
for an analysis of variance can be obtained routinely. 
Accurate analyses are more readily accessible through 
these simple technics, par t icular ly  with the use of 
internal  standards (1,2). 

An extension of these advantages to the analysis of 
very  complex mixtures requires a prel iminary separa- 
tion into mixtures which are simple enough to be re- 
solved by relatively short columns. Thin-layer chro- 
matography (TLC)  has been suggested (2) for this 
purpose. The simplicity, the rapidity,  the low sample 
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requirements of TLC, and its adaptibil i ty to serial 
determination match corresponding features of the 
above GLC technic. I t  also provides an additional 
cleanup step for material of biological origin. 

The analysis of complex mixtures of steroid hor- 
mones extracted from animal tissues and body fluids 
typ i fy  the problem to which a combination of TLC 
and GLC opens a new and promising approach. The 
present communication describes detailed procedures 
whereby the value of this combination can be testcct 
with mixtures of pure steroids. In addition, results on 
the separation of a large number of hormones and 
metabolites of the estran (E) ,  androstran (A),  and 
pregnan (P) series are offered as evidence of the 
workability of an integrated TLC-GLC method. Ad- 
vantages in the use of two TLC solvent systems and 
two GLC columns differing in polari ty are exempli- 
fied and the principles guiding in a selection of such 
pairs are briefly discussed. 

Our comparative evaluation of TLC and GLC sys- 
tems in relation to par t icular  cases and specific ana- 
lytical requirements is still incomplete. Hence, the 
systems used in the present demonstration may not be 
the most effective in connection with a TLC-GLC 
analytical method. However, their merits in this re- 
spect appear considerable enough to warrant  their use 
as described in tlhe following outline of the proposed 
method. 

The sample which is a mixture  of free steroids such 
as obtained from biological material  through known 
extractive procedures (3), is submitted to TLC (sol- 
vent system I) and the developed plate divided into 
zones (Fig. 1). The adsorbent located in each of the 
zones of interest is removed and extracted. Band ex- 
tracts are evaporated to dryness and the residue mixed 
with TMS reagents. CS2 solutions of the products  are 
injected into the gas chromatograph equipped with 
one of each (or two of either) deseribed column type. 
Cortieosteroids do not produce any peak under  these 
conditions. Their  estimation by GLC is made on TMS 
derivatives obtained af ter  reduction of the extract  
from a specific TLC zone (solvent system I I ) .  

The present account comprises three sections fol- 
lowed by a general discussion. Section 1 describes the 
TLC technics ineluding the removal and elution of 
bands. Section 2 gives the preparat ion of derivatives 
and the GLC procedure for all compounds except cor- 
ticosteroids (to be described in a separate article).  In  
Section 3 the use of the TLC and GLC data for the 
purpose of identification is demonstrated. 

Thin-Layer  Chromatography 
Equipment 

Desaga adjustable spreader, template, and develop- 
ing tanks, and 200/200/3.8 mm glass plates. 

Chromatofilm racks (No. 200-98, Research Speciali- 
ties, Richmond, Calif.). 

The sDreader silt width was adjusted to 0.25 ram. 
The tanks were fitted with a four-side, full-height in- 
side lining made of folded chromatographic paper 
(Whatman No. 3MM). Narrow slits were cut out from 
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the wider sides of the lining to observe plates under  
development. The tank lids were ground smooth with 
very  fine emery powder and the ground surfaces used 
dry. Several tanks were kept under  a single hood 
made of light t ransparent  plastic, material as a pro- 
teetion against draft .  

Materials and l~eagents 

Adsorbosil--with added binder- - ,  (Applied Science 
Laboratories, Inc., Penn State, Pa.) .  Methanol [Ana- 
lar ,  B.D.H. ( B r i t i s h  D r u g  H o u s e ) ] ,  c h l o r o f o r m  
(Fisher C-574), ethyl acetate (Analar,  B.D.H.) ,  ste- 
roids (Steraloids, Inc., Flushing 52, N.Y.),  Sudan 
blue (No. 3788, Harteeo) ,  Phospbomolybdie Acid 
(Anatar,  Brit ish Drug House).  

Solutions 

Solvent system I, chloroform :methanol:water 200 : 
12:1, ( V / V / V ) ;  solvent system II, ethyl acetate: 
chloroform :water 180:20:2, ( V / V / V ) .  Sudan blue, 
saturated solution in ethyl ether. Phosphomolybdic 
acid, 10% (W /V)  in 95% ethyl alcohol. Steroids, 
stock solutions in methanol containing 2.5 t~g/~l. 
These were kept at 5C in the dark when not in use. 

Procedure 

Preparation of Plates. For  five plates, a nlixture 
of 30 g Adsorbosil in 45 ml water was shaken vigor- 
ously for 2 rain under  vacuum in a 250 ml round- 
bottom flask. The s lurry  was spread immediately, and 
the template tapped on the side to promote evenness. 
After  a 30 rain hardening period the plates were dried 
in an oven at 108C for 2 hr, cooled for 15 rain and 
placed in a dessieator cabinet overnight. 

Tank conditioning included an initial soaking of the 
paper  lining. The solvent remaining front a previous 
operation (or t00 ml fresh solvent when start ing from 
a clean dry  tank) was used for this purpose. Excess 
solvent was poured out in either case and 200 ml fresh 
solvent were added to the tank:. The lat ter  was im- 
mediately covered and left  to equilibrate for  2 hr. 

Sample spotting was nmde in t iny holes pr inted in 
the adsorbent layer with a sharp point every 10 mm 
along a line located 15 mm from the plate bottom. A 
template was used for this purpose. For  standardiza- 
tion up to 2 ~1 of s tandard solution (5 ~g) per spot 
was delivered with a l~ambda pipette. In all cases 
three to four  dye spots (Sudan blue) (2 ~1) were in- 
eluded. The plates were stored in a dessicator cabinet 
until  the tanks were equilibrated. 

For  development, plates were placed back to back 
on plate supports, two to a tank. The solvent level 
of the tank reached 5 mm below the start ing line. The 
plates were removed from the tank when the solvent 
f ront  reached 15 em from the start ing line, i.e., af ter  
about 1 hr. 

Standardization 

The d ry  plates were sprayed with phosphomolybdic 
acid solution. They were left  to d ry  for 10 min on the 
bench, then placed on a hot plate kept at about 200C. 
The stable chromatograms consisted of dark blue spots 
on a yellow background. A light box was used to 
t ransfer  the center and contour  positions of spots onto 
translucent millimetric paper. The distance, d, of 
spots from the origin was measured and the Rb value 
deternfined from d/du = R(,, where d~ is the distance 
travelled by the dye. 

Rb Data. Rb values are shown in Table I where com- 
pounds are listed by bands obtained with solvent sys- 
tem I, in order of appearance on ( JXR)  dimethyl- 

polysitoxane ehromatograms. The corresponding Rb 
values in solvent system II  are given also. In Table 
II ,  Rb values for  eortieosteroids in both systems are 
given. F igure  i shows a plot, of average Rb values (sol- 
vent system I) for  steroids with a number, X, of hy- 
droxyls and a number, Y[, of double bonds, against the 
number, Z, of keto groups. Each point  thus eorre- 
sponds to a class of steroids characterized by the same 
X :Y :Z formula. 

Zone Elation 

The boundaries of bands containing specific classes 
of steroids were marked on the plate (Fig. 1). The 
areas of interest were scraped off (10 sq em ~ 100 rag) 
and collected separately using the aspirator described 
in Figure  2, I. Aspirator  head H was then discon- 
nected and body B was clamped over a collecting flask 
and used as a filter. Methanol was poured over the 
powder (0.5 ml per 100 rag) with a syringe and al- 
lowed to soak for 5 rain. Adapter  P, connected to an 
adjustable pressure source, was then used to force the 
liquid gently through filter M (medium porosity).  
This was repeated twice. The total extract  was evap- 
orated under  a stream of nitrogen in a small flask held 
in a sand bath maintained at about 45C. The TMS 
derivatives were prepared in the same flask (see GLC 
section). GLC analyses of recovered compounds were 
compared with parallel analyses of known volumes of 
the solutions used in spotting the plates. Differences 
observed were no larger than the s tandard error  
( ±  1.5%) of the GLC method. Background GLC 
analyses made on extracts of adsorbent f r o m  unde- 
veloped and developed unspotted plates showed no 
evidence of impurities derived from powder or sol- 
vents when the described extraction procedure was 
used. 

Gas-Liquid Chromatography 
l~quipment 

Perkin Elmer 800 Chromatograph. 
Phillips No. PR 2216 A/21 Recorder. 
Perkin Elmer No. 194 Pr in t ing Integrator.  
Installation of the above equipment was made ac- 

cording to manufacturers  instructions except tha t  the 
chromatograph was electrically dissociated from the 
recorder and integrator  by connecting the two lat ter  
instruments to a separate, " q u i e t "  main supply line 
(1,2). 

Perkin Ehner  No. 226-11-44 silicone rubber septa 
were used without pre t reatment  (2). 

Materials and Reagents 

JXR,  3% dimetlhylpolysiloxane on 100/1.20 silanized 
Gas-Chrom P, and SE 52, 2% on 80/100 Gas-Chrom 
Z (Applied Science Laboratories, Inc.).  

Hexamethyldisilazane, and Trimethylchlorosi lane 
(Chemical Procurements  Laboratories, College Point  
56, N.Y.). These reagents were redistilled. 

CS2 (Fisher, No. C 184). 
Steroids (Steraloids Inc.).  

Column Packing  and Conditioning 

Two 6 f t  straight lengths of 1~ in. o.d., stainless 
steel tubing were cut from the same stock, plugged at 
one end and clamped vertically, side by side at about 
2 in. from each other. The top open end of each col- 
umn was connected with a short section of l/s in. i.d. 
polyethylene tubing to the )~ in. outlet of a 10 em 
long, 14 mm i.d., graduated glass funnel (2 em long, 
I mm i.d. outlet).  :Equal amts (ca. 3 g) of the pack- 
ing material were placed in the funnels and the col- 
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T A B L E  I 

TLC and GLC Data  for  Andros tan  (A) ,  E s t r a n  (E)  and Preg 'nane (P )  Compounds Exc lud ing  Cort icosteroids (Table  I I ) ;  R~ Values  in  Solvent  
System I and I I :  Compounds l isted by B a n d s  (System I,  Fig.  1) and  by Re l a t i ve  (5a -Pregnane)  Re t en t i on  Times (Rt~)a,b, ,  for JXI~ Columns;  Com- 
par i son  of Exper imen ta l  wi th  Calculated (Table IV)  Loglo Rtft Values ( J X R )  ; R t h  Values  on SE 52 Columns 

S t r u c t u r a l  Fea tu res  TLC GLC 

C:ass K e t o ( K ) ,  O H ( a  or ~) Rb X 10 s J X R a  

Rt~b 
10 a X logso R t  h 

Nr  5 a h a Series 3 11 16 17 20 I 1 I  Expt .  Calcul. 

B a n d  I (solvent  system I ) ,  R[, f rom 0.900 upwards .  Sa tu ra t ed  and U n s a t u r a t e d  mono, di, and t r iketones.  

S E  52 a 

t~t ~b 

2 a 
3 a 
4 a 
5 a 
6 t~ 
7 t~ 
8 
9 

10 
11 B 
12 a 
13 
14 a 
15 

4 
1,4 

4 

A 
A 
P 
A 
A K 
P K 
A K 
A K 
A K 
A K 
P K 
P K 
P K 
P K 
P K 

K 

K 
K 
K 

K K 
K 
K 
K 

K K 
K K 

980 1060 
980 1030 
990 1050 
990 1030 
990 1025 
980 1020 
960 925 
950 845 
900 770 
920 715 
960 935 
965 945 
950 905 
940 830 
930 710 

0,476 - - 3 2 3  - - 3 2 3  0.475 
0.534 - - 2 7 3  - - 2 7 3  0.534 
1.00 O 0 1,0O 
1.07 29 28 1.19 
1.18 72 71 1.12 
2.01 304 304 2.26 
2,10 322 322 2.715 
2,90 462 453 3.89 
3.14 497 495 4.31 
3.53 548 549 5.'14 
3.69 567 565 4,60 
4.12 615 615 4.83 
4.95 695 696 6.68 
5,64 752 742 7.78 
6~80 832 830 -- 

B a n d  I I  (solvent  system I ) ,  Rb f rom .725 to .900 Monohydroxy, and  ~¢Ionohydroxy-Monoketo Compounds.  

16 a 
17 a 
18 B 
19 B 
20 
21 
22 a 
23 5 
24 a 
25 a 
26 4 
27 1,3,5 
28 4 
29 1.4 
30 5,16 
31 5 
32 a 
33 a 

t a 
A S 
A Z 
P a 
A a 
A 

A S 
A B 
A K 
A K 
E OH 
A K 
A K 
P B 
P S 
P B 
P K 

K 

K 
K 

K 
K 
B 

B 

K 
K 
K 
B 

900 950 
865 910 
860 860 
865 940 
865 875 
825 815 
835 910 
800 850 
825 830 
840 860 
830 795 
825 970 
815 775 
745 670 
790 865 
820 870 
800 850 
875 910 

1.12 49 49 1..11 
1.44 158 161 1,46 
2.17 326 333 2.39 
2.24 350 344 2.25 
2.22 346 350 2.48 
2.37 374 372 2.66 
2.72 434 434 2.75 
2.78 444 443 3.19 
2.90 462 462 3,30 
3.05 484 486 3,56 
3.11 493 497 3.84 
3,14 497 497 3.87 
3.82 582 577 4.65 
4.23 626 619 5.16 
4,49 652 651 5.07 
4.79 681 686 5,52 
5.05 703 705 5.65 
5.85 767 769 6.74 

B a n d  I I I  (solvent  system 1),  Rb frmn .550 to .725 Diols, 2vlonohydroxydiones, and  Monoketodiols.  

a 34 A 
35 5 A 
36 4 A 
37 5 A 
38 a A 
39 1,3,5 E 
40 B P 
41 5 A 
42 B P 
43 4 P 
44 a P 
45 a P 
46 a P 
47 a P 
48 P 

B 690 785 
a 670 805 

680 800 
B B 660 775 

B 670 760 
O i l  B 625 900 
a B 635 770 

K 635 730 
~ 655 745 

700 825 
B K K 730 670 
B B 660 795 
B a K 655 800 
B 660 770 
K ~ 635 510 

2.97 473 474 2.96 
3.07 487 487 3.10 
3.58 554 567 3.74 
3.70 568 567 3.81 
3.77 576 586 3.90 
4.16 619 621 4,61 
5.84 766 769 5.82 
5.89 770 770 6.64 
6.18 791 769 6.40 
6.86 836 840 7.18 
7.21 858 852 8.74 
7.24 860 859 8,46 
7.33 decomposes 8.80 
7.34 865 860 7.94 
8.59 934 934 - -  4 

B a n d  I V  (solvent  system I ) ,  Rb f rom .350 to .550 U n s a t u r a t e d  ~lonohydroxytr iones ,  and  Diol-diones. 

49 B P ] a K a K 420 695 7.74 decomposes 9.60 
50 a P I t~ K a K 496 670 10.25 decomposes --  

B a n d  V (solvent  system I ) ,  Rb f rom 0 to .350 Triols  and  U n s a t u r a t e d  Diol-diones. 

51 1,3,5 E [ OH a B 174 475 8.78 944 944 9.94 
52 B P I a a a 284 460 9.64 984 984 10.40 

a Chromatographic  c o n d i t i o n s - - A t t e n u a t i o n  X 1 ;  l~eeorder. 0 -5  mY.- -6" ,  1/s" o.d. stMnles steel eolunms. JXI~ c o l u m n - - O v e n ,  1 8 5 0 ;  injector ,  210C;  
detector, 1 8 0 C .  He, 60 m I / m i n ;  I~I~, 19 ps i ;  air, 36 psi. NE 52 e o l u m n ~ O v e n ,  200C;  injector ,  235C;  detector, 190C. t t e ,  60 m t / m i n ;  I-I~, 19 p s i ;  
air, 32 psi. 

b Adjus ted  re tent ion  t imes t~  were de termined wi th  s topwatch ( ~ 1 / 1 0 0  ra in)  as t imes from the solvent  f ront  to peak maxima.  The la t ter  was  taken  a% 
moment  when pen ius t  s tar ted moving  downwaras  again.  Re ten t ion  t ime data, f rom compound No. 16 to No. 52, concern TMS der ivat ives .  

e Stereoconf igurat ion of hydrogen a t tached to carbon No. 5. 
a Locat ion  of do'able bonds. 

umns  l ightly t apped  with a pencil about their  middle 
section. Rapid ly  a l ternated tapp ing  between the two 
columns caused enough vibrat ion to make the powder 
flow down evenly and at the same speed. Af te r  a final 
l ight t app ing  progressing f rom the bottom to the top 
of the two colmnns, the la t ter  were disconnected and 
enough very fine, unt reated borosilieate glass wool 
(Corning No. 3950) was firmly pressed in the open 
ends to fo rm a plug no more than  5 m m  long and flush 
with the end. Tightness was tested under  75 lb helium 
pressure before and a f te r  coiling the eolmnns on a 2 
in. o.d. mandrel ,  q'he colmnns were conditioned in the 
chromatograph oven while connected by their  inlet 
end to the gas s t ream;  connection to the detector was 
absolutely avoided. The helium flow to each column 
was adjusted (bubble meter)  to give 30 m l / m i n  under  
30 lb head pressure. Af te r  about 15 rain the head pres- 

sure was reduced to 2 lb and the oven heated gradual ly  
f rom 100C to 250C over a 2-day period. The gas flow 
was then cut off completely and the temp raised grad- 
ually (6 hr)  to 280C where it was kept overnight. The 
temp was then decreased to 250C and the helium head 
pressure raised gradual ly  (6 hr) to 60 lb. These con- 
ditions were mainta ined for 24 to 48 hr. The oven was 
then cooled to roonl temp. Only then were the columns 
connected to the detector and a final check of flow 
rates made for  both colunms. The system was then 
ready for normal  operation. 

J X R  and SE 52 columns conditioned in this way 
displayed very low bleeding rate. Bleed deflection 
(flame on--f lame off) for any  single column at  200C, 
under  50 ml/nl in  helium flow and at  max  sensit ivity 
(a t tenuator  1 1 ,  0 to 5 my)  was never higher than  40 
chart  divisions. Background deflection (both flames 
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I~IG. 1. Migration of steroids on TLC plates developed with 
s o l v e n t  system I .  ]{~ v a l u e s  p l o t t e d  a g a i n s t  n u m b e r  o f  k e t o  
g r o u p s .  P o i n t s  c o r r e s p o n d i n g  t o  e q u a l  n u r a b e r  o f  O H  a n d  
d o u b l e  b o n d s  h a v e  b e e n  i n t e r c o n n e c t e d  t o  s h o w  i n t e r r e l a t i o n -  
s h i p s .  T h e  2 1 - h y d r o x y  s t e r o i d s  ( l a r g e  c i r c l e s ) ,  f i t  i n  t h e  s y s t e m  
as  i f  t h e y  c o n t a i n e d  ] 0 H  less ,  i ,e. ,  a s  i f  t h e  No ,  2 1 - 0 H  d o e s  
n o t  i n f l u e n c e  t h e i r  m i g r a t i o n .  

on--f lames off) was never higher than 15 chart  divi- 
sions under  the same conditions; d r i f t  f rom the initial 
base line never exceeded one char t  division in 8 hr. 
This excellent performance could be maintained in- 
definitely when low levels of injected sample were 
used. With  the above packing materials  the number  
of theoretical plates, measured for a large number  of 
compounds by  using Keulemans '  expression (4) var ied 
between 2000 and 3000 for  6 f t  columns. 

T N I S  D e r i v a t i v e s  

From 0.1 to 10 mg of hydroxyla ted  steroid were re- 
acted in a 10 ml glass s toppered flask with 50 ~1 hexa- 
methyldisilazane and 50 /~1 of 10% trimethylehloro- 
silane in chloroform (v /v ) .  With  f rom 10 to 100 ~g 
steroid, 1/.~ of these reagents and a 1 ml flask were 
used. The nlixture was Mlowed to react  for 3 hr. The 
solvent and excess reagent  were then removed under  
vacuum using the adapter  shown in F igure  2, II .  The 
d ry  residue was diluted with a known volume of CS2 
solution of 5~-pregnane (of. below, In te rna l  S tandard)  
and the solution was injected into the chromatograph.  

T A B L E  II 
Rb Values in  Solvent  Systems I and I I  for 21-I-Iydroxy Compounds a 

I n c l u d i n g  the Major  Cort lcosteroid Hormones  

S t ruc tu ra l  features  Oomnlon name Rb 
Keto (K) ,  OH (a or B) (X l 0  s ) 

I I I  
900 780 
800 540 
650 775 
640 7~5 
600 575 
460 610 
'60  650 
~80 575 
290 290 
260 510 
210 300 

Nr 5 b A e 3 11 17 20 21 
53 4 K K OH 
54 4 K K K OH 
55 B K K OH 
56 4 K a K OH 
57 4 K B K OI-I 
58 4 K K a K OH 
59 ~ K K a K OH 
60 4 K fl a K OH 
61 4 K a t{ OH 
62 a /9 K a K OH 
63 B a I(  a K 01-I 

VoL. 42 

T A B L E  I I I  

Nanogram Quan t i ty  Q of Compound In jec teda ;  the Ra t io  1% of Peak  
He igh t  to 5a-Pregnane  Peak He igh t  for React ion  Time t (Hour s )  ; Av- 
erage Ra of Rat io  for the P la t eau  Value, and Max imum % Dev ia t ion  

A of Ra over 24 H o u r s  

Desoxycortieosterone 
Dehydrocort icosterone 

Cortexo]one 
Corticosterone 
Cort isone 

t tydrocor t i sone  
(18 a!) Aldosterone 

Com- 
pound  

Nr (see 
Table I )  

16 

20 

27 

39 

Time. h r s  
0.5 1 2 3 5 8 24 

2.72 2.20 2.18 2,21 2.18 2,21 2.16 
2,18 2.19 2.20 

1.70 1.66 1.87 2.12 2.14 2,14 2.13 
2.12 2.10 2.09 

1.47 1.62 1.76 1.91 1.92 1.92 1.91 
1.88 1.89 1.90 

2.98 1,99 1.96 1,93 1.96 1.97 1,94 
1,94 1.94 1 . 9 3  

1.08 1.56 1.71 ] .75 1,76 1.75 1.74 
1.75 1.74 1.75 

1.90 

1,94 

1.75 

1.5 

1.5 

1.0 

1.5 

0.5 

a All are of the p regnane  series. 
b Ind ica t e  stereoeonfiguration at  carbon No. 5. 
" Pos i t ion  of double bond. 

a Condi t ions  as described in  Table I for J X R  cohtmn. 

The time for complete reaction (3 hr) was deter- 
mined as follows. Mixtures of steroids were weighed 
out. Stock solutions were obtained by diluting the 
weighed mixtures  in known volumes of methanol. One 
millili ter volumes of these solutions were then placed 
in series of 10 ml volmuetric flasks and the solvent was 
removed under  vacuum. To the d ry  residues, equal 
quantities of the TMS reagents (see above) were 
added and the stoppered flasks were left  for vary ing  
lengths of t ime before the contents were processed as 
described above. One microli ter  injections of each of 
the result ing solutions were made. The ratio R of peak 
height to 5~-pregnane peak height was determined for 
all compounds. Table I I I  shows typical  results ob- 
tained with one of the mixtures.  

I n t e r n a l  S t a n d a r d  

Instead of CSp, a solution in CS2 of 5a-pregnane 
was used to dissolve all samples. A large batch of this 
solution was p repared  and stored at  5C in t ight ly  stop- 
pered, ta red  bottles. These were brought  to room temp 
before use, the solvent loss was determined by weigh- 
ing and made up with pure  CSp. Tile cohen of 5~- 
pregnane was such as to produce a peak height f rom 
50 to 75 chart  divisoins with the selected volunle, V, 
of solution injected, under  the conditions used in cali- 
brat ion and in all subsequent analyses (1,2). 

5a-Pregnane was used as an internal  s tandard  in 
preference to 5a-androstane or cholestane because the 
5~-androstane peak, oeeuring on the t rai l ing end of the 
solvent surge (Fig. 4), gave rise to occasional errat ic  
values. On the other hand, the cholestane peak occurs 
in a generally erowded area of the ehromatograms. 
The 5~-pregnane peak is suitably located (Fig. 4, 
compound No. 3 ) ;  in the present  work a cohen of 
about 40 ~g per  ml was used for an injected volume 
of 1 td. 

The Rth value of eholestane under  conditions used 
with J X R  columns (Table I )  was 6.18 (11.17 rain). 
The 5a-pregnane peak occurred at 1.81 min. 

The Rt£  value of eholestane for SE 52 colmnns was 
6.70 (17.08 rain) and the 5a-pregnane peak occurred 
at 2.55 rain.) 

C M t b r a t i o n  

In  precise quant i ta t ive work, the na ture  of the com- 
pounds of interest  and the range of concn encountered 
in the par t icular  type of mater ial  investigated are 
usually known. I t  is thus possible to weigh out quan- 
tities of these compounds which constitute a mixture  
of typical  composition. Calibrat ion techniques s tar t -  
ing f rom a representat ive mixture  of this k ind were 
applied as follows. The mixture  was converted to TMS 
derivatives and a master  s tandard  solution in CS2 con- 
taining 5a-pregnane was p repared  f rom them. All= 
quots of this solution were then used to make four  di- 
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lutions in the same solvent, using accurately calibrated / 
syringes and small calibrated volumetric flasks. [['he A o o 
highest conch of these dilutions was such that  the fixed k -  
injected volume, V, (from I to 2/~l) produced at least 
one peak of about 80 to 90 chart divisions. None of 
the quantities thus injected exceeded 0.15 /~g (150 
nanograms) for  any compound. The higher dilutions 
represented 75%, 50%, and 25%, respectively, of the 
highest conch. The four calibration solutions were 
stored between uses at low temp in glass stoppered 
volumetric flasks. These were brought  to room temp 
and the level was adjusted to the mark with pure CS2 H 
before use. Since very  small volumes of these solu- 
tions were used in calibration work, volume losses were 
for all practical purposes dug to evaporation only, and 
the relative amts of steroids to 5a-pregnane never 
varied. However, since differences in specific response 
with absolute arnts injected do occur with some ste- 
roids (Fig. 3), the original conen (volume) had to be 
preserved. 

Calibration curves were obtained by injecting the 
same volume, V, of each calibration solution and plot- 
t ing the ratio R of peak height to 5a-pregnane peak 
height vs. amts of compound injected or vs. amts per 
~1. An example is given in Figure  3. For  most pur- 
poses a single injection for each dilution Was sufficient 
since values of relative heights can be duplicated 
within + 1.5%. Duplicate injections usually ga~:e 
averages failing within ± 1% of the mean of a series 
of 20 trials. As would be expected (1,2) the s tandard 
error increased when the peak height fell below 10 
chart  divisions. Figure 3 shows that  straight lines 
passing through the origin were not obtained in all 
cases. F rom this diagram, it is seen that  20 to 25 nano- 
grams of injected steroid should suffice for an analysis. 
With 2 td injections, 1/~g of steroid in 100/d  of test 
solution represents an acceptable sample. This volume 
can be handled efficiently by using the small flask pre- 
viously described (2). A mieroflask designed for the 
efficient handling of 20 td of solution is presently 
under  study. 

Retent ion Data  

The "adjusted" rentention times used to calculate 
the relative retention times Rth (to 5a-pregnane) 
listed in Table I were determined to the nearest 1/100 
min start ing from the sharp deflection due to the sol- 
vent  surge into the detector, and ending at the moment 
when the peak observed reached its max. I t  was found R., 
that  this moment could be more reproducibly deter- 
mined when the recorder needle just started its down- 
ward move. The Rth values are listed for compounds 
arranged in bands corresponding to specific TLC 
zones, and in each band in order of emergence from 
the J X R  column. The corresponding Rt{~ values for  
the SE 52 eolmnn are given in the last column of this 
Table. Conditions used are given in footnotes. This 
Table gives 103 X log~o Rth for the J X R  column only. 
A set of factors representing s t ructural ly  related in- 
crements of 103 X log RtE is given in Table IV. The 
use of these factors for identification purposes is dis- 
cussed in the following section. 

Identification 

The points of the plot in Figure  1 indicate averages 
of Rb values (System I) for the class they represent. 
Variations around these averages are no doubt due to 
differences in stereoconfigurations and to some extent 
can be used for fu r ther  identification. F rom the values 
listed in Table I the following rules are suggested. For  
monohydroxymonoketones (band I I ) ,  the unsaturated,  
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0 1 5 cm 

Fro. 2. I. Aslbirator-filter combination. Collecting fractions 
of TLC adsorbent powder gathered on plate: Aspirator head H 
fitted to body B connected by C to water pump. Bevelled mouth 
A contact powder and system used as vacuum cleaner. For  
elutlon: connect Q to 5 ec syringe by long tubing. F i t  pressure 
head P to B and gently force extract through medium porosity 
filter M into receiver. 

I I .  Evaporator head. Side tube T connected to vacuum (10- 
15 mm Hg--Drier i te  tube if water pump used). Stylus S in 
hypodermic needle 37 for leak adjustment. Seal ig is poly- 
ethylene tubing pressed in after heating glass. Note:  Use poly- 
ethylene or Teflon connections only, in both I and I I  systems. 

5o.-3fl-ol, and 5fl-3~-ol compounds correspond to the 
lowest Rb values (ca. 0.820), whereas the highest (ca. 
0.865) are found with saturated 5fi-3fl-ol or 5a-3a-ol 
compounds. For  diols, (baud I I I )  the lowest Rb values 
(ca 0.635) correspond to saturated 5fl- compounds 
while for 5~- or unsaturated species, Rb values fall be- 
tween 0.660 and 0.700. However, if normal fluctua- 
tions in Rb values are taken into account, identification 
based on these differences should be considered as 
tentative only. 

Much closer identificatoin can be made by using Rb 
values in conjunction with GLC retention data. Table 
IV lists a number of factors found by computation of 
the Rt~ values ( J X R  column) given in Table I. Each 
factor corresponds to some eonfigurational feature. 
Compound No. 38 (see Table I ) ,  i.e., 5a-androstane-3fl, 
17fl-diol is considered in the following example: the 
factor for  androstane (A) is --273 (Table IV, general 

0 10 Z~ 50 4Q ~ bU fU ~ ~U I~U 11U 
NANOGRAMS 

FIG. 3. Calibration plots obtained with mixtm.e of steroids 
after treatment for TMS conversion of OH groups. Conditions 
for JXR column and formulae by numbers (see Table I ) .  Non- 
linearity of five plots indicated by dashed l ines  extending 
straight lower section. Relative peak height, Rite  (5~-pregnane 
used as internal standard),  are plotted vs. amts injected in 
I ~I. 
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20 

19 34  

40 

4 4  

48  
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0 5 I0 15 20 20 50 rain. 

Fro. 4. Chromatogram obtained with mixture of steroids 
af ter  treatment for TMS conversion of OH groups. Conditions 
for SE 52 column and formulae by numbers (see Table I ) .  
Dashed lines from trough to trough used as zero for peak height 
measurement. Peaks No. 2 and No. 3 are 5a-androstane and 
5a-pregnane, respectively. Background is largely caused by 
small amts of impurities in steroid sample used. Impurities, 
which show up in some eases as smM1 peaks, also appear on TLC 
plates. Most of them have been identified. Amts (nanograms) 
injected: No. 2, 18.8; No. 3, 37.5; No. 19, 87; No. 34, 101; 
No. 27, 56.2; No. 11, 102; No. 40, 100; No. 43, 150; No. 44, 
150; No. 48, 150. 

factors) ; the factor for 5a-3fi-ol is 434 (eolmnn 3, Fac- 
tors relative to position No. 3) ; the factor for 17fl-ol 
is 425 (both for A and P compounds). The sum --273 
+ 434 + 425 = 586, corresponds to log~o Rt{~ = 576 
found for compound No. 38. 

I t  can be seen from a comparison of experimental  
to calculated values that  the correspondence is gener- 
ally excellent, discrepencies being no greater than 2% 
in most cases. Aside from compounds No. 46, No. 49, 
and No. 50, which clearly decompose (see Discussion), 
the only exception is No. 42 for which the diserepency 
is 2.5%. Elucidation of this case will require exami- 
nation of other 17a-hydroxy compounds, since it  is 
possible that  the factor corresponding to this func- 
tional group was somewhat underestimated. 

An unknown steroid could only belong to one of 
the few classes which correspond to its R~, value in sol- 
vent  system I (Fig. 1, Table I) .  Assmning that  the 
compound gives a GLC peak, i.e., is not a cortieoste- 
roid, the value of 103 × loglo Rt£ can be determined 
and compared to l0 s × log R th values calculated by 
using the factors found in Table IV for all possible 
combinations of positions and stereoconfigurations of 
the known functional groups in the classes concerned. 

Discussion 
The multiplicity of steroid hormones and metabo- 

lites in mixtures of natural  origin makes a quantita- 
tive analysis by GLC alone a problem of considerable 
complexity. This difficulty is met when any single 
chromatographic method is employed (3). In general 
cases, the proposed prel iminary TLC separation offers 
decided advantages over other methods suited to sim- 
plif~Sng the GLC problem On the other hand, it  is 
possible that  solvent systems other than those de- 
scribed may prove more adequate in specific problems. 
Resolution by TLC is limited by random variations in 
spot position. With the systems used, the average 
maximum fluctuation of Rb values around the mean 

of at least 20 observations was ± 2.5%. For  a few 
multifunctional  steroids, this variation reached about 
5%. On the other hand, the relative position of spots, 
groups, and band boundaries were much less affected 
by fluctuation since, to an appreciable degree, varia- 
tions did occur in the same direction for  direct ly re- 
lated spots, and to some extent for  all spots on the 
same plate. 

Spots were more uniformly distributed on plates 
developed with solvent system I (Table I ) ,  leading to 
less crowded bands I and II.  On the other hand, the 
use of solvent system I I  should simplify problems in- 
volving compounds with Rb values between 0.4 and 
0.75 in this system since the corresponding zone is less 
crowded. As this is the region where most corticoste- 
roids migrate in solvent system I I  (Table I I ) ,  this 
system can be used to isolate these compounds from a 
large number of other steroids. While a choice be- 
tween the two systems is dependent on the problem 
at hand, elucidation of some eases could require paral- 
lel runs in both systems. 

Of several derivatives proposed for the GLC analy- 
sis of steroids (5) few seem to be of general interest 
in the field of steroid hormones. The preparat ion of 
fluoroacetates, for instance, leads to the part ial  or total 
destruction of some of the most important  compounds. 
Testosterone is completely destroyed under  conditions 
leading to max yields of androsterone derivative. Di- 
lution of the reaction mixture with chloroform, a de- 
crease in reagent quantities (pyridine, trifluoroacetie 
anhydride)  or any other means  of promoting milder 
conditions only succeeds in decreasing the extent of 
this effect. The amt of testosterone (or progesterone) 
destroyed is then found to be time-dependent. I t  is 
evident that  the method cannot he used when all ste- 
roid hormones in a mixture are of interest ;  it could 
otherwise offer some advantage in simplifying a prob- 
lem. Other methods such as the preparat ion of ene- 
amines and bis-methylenedioxy derivatives (5) lead 
to the formation of two or even three peaks with some 
compounds, thus introducing considerable compli- 
cation. 

The preparat ion of TMS derivatives (6),  is entirely 
free of undesirable effects. In  fact, compounds in a 
t reated mixture, which do not form derivatives (i.e., 
progesterone) appear  to be protected in subsequent 
GLC analysis and give rise to much more symmetrical 
peaks than when chromatographed alone. This effect 
may be due to traces of the reagent remaining in the 
product.  The effect of hexamethyldisilazane or tri- 
methylchlorosilane in removing "ac t ive  s i tes"  from a 
eolunm packing or metal surface is well known. 

In experiments made to determine the time for 
completion of TMS conversion (eft GLC section and 
Table I I I ) ,  the ehromatograms corresponding to re- 
action times of less than 2 hr  usually showed some 
peaks due to unreaeted compounds as well as those 
due to derivatives; a few of the lat ter  occasionally 
overlapped with some of the former. Consequently 
some peak heights, i.e., R values were abnormally in- 
creased. However, the constancy of R values af ter  3 
hr is clearIy shown in Table III .  Prolonged contact 
with the reagents did not affect either derivatives or 
unreaetive steroids present in the mixtures. I t  also 
was clearly apparent  that  the TMS conversion is a 
highly reproducible method since deviation from R., 
values never exceeded 2%. In the light of these re- 
sults, the Q data in Table I I I  clearly demonstrate the 
accuracy attainable in estimation of very snlall amts 
of steroids. I t  should be emphasized that  this cannot 
be achieved unless procedures already described are 
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strictly observed: the system must be made electronic- 
ally stable, the columns must be carefully conditioned, 
and low levels of injected sample must be used 
throughout. Equally important is the use of an in- 
ternal standard. Under the best conditions, injected 
volumes vary from 5 to 7% about a mean value (1,2). 
When the plot of quantity vs. detector response is a 
straight line passing through the origin for all com- 
pounds of a mixture, the detector responses can be 
used to calculate an accurate relative composition by 
internal normalization (2), provided that responses 
for a unit quantity are known for all compounds. 
This situation is seldom observed. Hence the need of 
calibration in quantitative work. The use of an in- 
ternal standard will reduce the uncertainty due to 
injection volume error by a factor of at least 4 (1,2) 
and the number of trials necessary to obtain a given 
accuracy by a factor of at least 42 = 16. Calibration 
with an internal standard, which does not involve 
additional time or effort, is therefore much faster and 
more reliable. 

For many steroids, GLC calibration curves obtained 
over the 0 to 100 nanograms range (Fig. 3) approxi- 
mated straight lines passing through the origin. For 
these, calibration should only require the determina- 
tion of a single point. Calibration at three to four 
different levels is necessitated however, by the pres- 
ence of some compounds for which actual curves are 
obtained. The max departure from linearity, observed 
in a few cases, was 15%. This phenomenon, which 
could be related to partial destruction or retention of 
these compounds in the system, was however, quite 
reproducible. Curves corresponding to exclusively 
ketonic steroids, (unable to form TMS derivatives) 
did not necessarily show this effect ; the curve for com- 
pound No. 11 (5fl-pregnane-3, 20-dione, Fig. 4) was 
rectilinear either with JXR or SE 52 columns. When 
instead of peak heights, peak areas (determined with 
the Perkin Elmer printing integrator) were used, the 
following was observed. Calibration plots which were 
linear with relative peak heights, were also linear with 
relative peak areas. In the other cases, the curvature 
of calibration curves was occasionally either increased 
or decreased depending on the compound involved. 
In any case the specific responses (area for 100 nano- 
grams) were very similar to those of the presumably 
very stable androstane, pregnane, and cholestane, sug- 
gesting that destruction, if it oceured, never exceeded 
15% at the lowest level (0 to 10 nanograms). These 
facts are in definite contrast with limited observations 
made elsewhere in the same range (7). In the present 
study, sharp decreases in specific responses with de- 
creases in injected samples were not observed al- 
though, interestingly, an all metal system was used. 

Partial breakdown of corticosteroids to simpler GL- 
chromatographically stable parent C~9 steroids was 
observed in other systems (5). Attendant complica- 
tion in C~9 steroid analysis could only be avoided by 
the preliminary separation of corticosteroids. For  
similar reasons, this separation is also necessary if 
corticosteroids are converted by oxydation to the par- 
ent 17-earboxy compounds (8). On the other hand, 
the complete retention of corticosteroids under present 
conditions permits a direct analysis of all other ste- 
roids. 

The three compounds giving evidence of decompo- 
sition (Table I) correspond to broader peaks of nor- 
real areas; for two of these (No. 46 and No. 49) the 
retention time indicated the possible loss of one car- 
bonyl group. 

I t  was observed that a 10% difference in relative 

TABLE IV 
Additive Factors a Relating Structure to 103 X LOglO (Table I )  of Rela- 

tive Retention Time Rtk (Sa-Pregnane) on JXR Columns for Com- 
pounds of Androstane (A), Pregnane (P) ,  and Estran (E) Series 

A. General factors A , - -273 ;  1,3,5E 3ol, 196; P, 0.00. 
B. F a c t o r s  re la ted  to ~o. 3 position 

Substituent 
Class 

Keto (K) . B ol a el 

5a 344 434 322 
5B 305 305 344 

5 4 or A 5 425 415 (344) 
A 1,4 467 (467) (395) 

C. Fac tors  re lated  to other positions 

Positions 

A E  Ketone { ~=~...~'.~ 

f T]~S ether  

1 °t f 86 1203 } 301 

127 I 425B 2411 445 ~ 3 31 
425 h b 

a Faetors apply witlfin 175C-200C range. 
Factors in bracke t s  are  extrapolated ,  t e n t a t i v e  va lues .  

b Aggregate factor for 17a20a is 620. 

retention time, or a 40 unit difference between the 
103 × log10 Rt£ of any steroid pair, indicated sufficient 
resolution for precise quantification with either of the 
two columns described. While most peaks were re- 
markably symmetrical, those of a few compounds 
(Fig. 4) were affected by trailing. A 15% difference 
in Rt£ value was then required for adequate resolu- 
tion. This information allows predictions, based on 
the data in Table ][ to be made as to the feasibility of 
specific separations. The main estrogens (No. 27, No. 
39, and No. 51) for example, which can be obtained 
free of most steroids in a separate extract (acidic 
fraction), are cleanly resolved by GLC. Both pro- 
gesterone (No. 13), and testosterone (No. 28) are 
easily resolved by GLC from many other steroids after 
preliminary TLC separation. A GLC analysis of the 
major 17-ketosteroids (No. 18, No. 20, No. 23) is made 
much easier by their isolation in band II  (solvent sys- 
tem I).  In predictions of this sort, one must keep in 
mind that several of the compounds listed do not ap- 
pear in all mixtures of natural origin; some are not 
naturally occuring. Data on these steroids is of in- 
terest however, in analyses of synthetic hormones or 
in investigations of the plasma and excreta of patients 
and animals treated with these hormones. 

Differences in Rth values observed between the JXR 
and the SE 52 columns, although not considerable, 
should be useful  in many cases, particularly since 
either of these columns can be used in turn when the 
chromatograph is fitted with both. I t  is seen, for ex- 
ample, that the spread of ketonic steroids in band I 
is wider with SE 52 columns than with JXR. The SE 
52 column is thus better suited to the analysis of these 
compounds. Among steroids in other bands (see last 
colmnn in Table I) elution times do not always occur 
in the same order for the two columns. Comparison 
of chromatograms obtained with each colmnn should 
help, therefore, in problems of identification and 
quantification. 

Further  investigation of other column systems will 
show what column pair is most adequate in solving 
most problems of this sort. I t  is probable tlhat a non 
polar column, such as JXR should always be included. 
Stability should undoubtedly be one of the considera- 
tions in selecting the polar counterpart. On the other 
hand, the elution time of the more polar compounds 
is very much increased on highly selective polar col- 
umns. With a preliminary TLC separation of the less 
polar steroids (band I, solvent system I, Table I) the 
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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 


