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COMPARISON OF REAGENTS FOR LIPID AND 
PHOSPHOLIPID DETECTION AND DENSITOMETRIC QUANTITATION 
ON SILICA GEL AND C18 REVERSED PHASE THIN LAYERS 

Joseph Sherma and Susan Bennett 
Department of Chemistry 

Lafayette College 
Easton, PA 18042 

ABSTRACT 

A variety of chromogenic and fluorogenic detection 
reagents were evaluated for detection and densitometric 
quantification of lipids and phospholipids on silica 
gel and chemically bonded octadecylsilane reversed phase 
thin layer plates, Phosphosphomolybdic acid (PMA) was 
found to be the most generally favorable reagent, fol- 
lowed by cupric acetate and ethanolic sulfuric acid. 
The quantification of lipids in blood serum by chemi- 
cally bonded RP-TLC was demonstrated using PMA with 
direct sample application to preadsorbent plates. 

INTRODUCTION 
The determination of neutral lipids and phospho- 

lipids in various biological samples is one of the areas 
of greatest application for qualitative and quantita- 
tive thin layer chromatography (1). A great number of 
detection reagents have been used for these determina- 
tions, but only a few limited comparisons have been re- 
ported (e.g., 2 , 3 ) .  This paper reports a comparative 
study of the suitability of common chromogenic and flu- 
orogenic reagents for detection and quantification by 
scanning of lipids and phospholipids on silica gel and 
C18 chemically bonded reversed phase silica gel thin 
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1194 S H E W  AND BENNETT 

layer plates. Reagents were evaluated on the basis of 
convenience, visual detection sensitivity, stability 
of zones, densitometric sensitivity, reproducibility 
o f  scanning, and the nature of the calibration curve. 
Detection and quantification on silica gel and reversed 
phase layers were also compared. 

Phosphomolybdic acid (PMA) and cupric acetate proved 
to be the most advantageous reagents, and PMA was espe- 
cially useful for quantifications on C18 layers. This 
was demonstrated by determination of cholesterol, tri- 
olein, and cholesteryl oleate in human blood serum by 
reversed phase TLC with densitometry. 

EXPERIMENTAL 
Materials 

Lipid standards were purchased from Nu-Chek-Prep, 
Inc. and phospholipids from Avanti Polar Lipids, Inc. 
The lipids studied were methyl oleate, cholesteryl ole- 
ate, triolein, and cholesterol. The phospholipids were 
lecithin (dipalmitoyl); lecithin (egg); sphingomyelin 
(bovine); and phosphatidyl ethanolamine (egg), inositol 
(bovine) , serine (bovine), and glycerol (egg). Stock 
solutions of each compound were prepared at a concen- 
tration of 1.00 pg/pl, and volumetric dilutions were 
made to give solutions containing 100, 50.0, 10.0, and 
1.00 ng/ul. Lipids were dissolved in chloroform, and 
phospholipids in chloroform-methanol (1: 1) except for 
phosphatidyl inositol (hexane-ethanol, 9:l) and phos- 
phatidyl serine (benzene). 

Whatman 20 x 20 cm scored, preadsorbent silica gel 
plates ( L K S D F ) ,  10 x 20 cm scored, preadsorbent high 
performance silica gel plates (LHPKDF), and 20 x 2 0  cm 
scored, preadsorbent C18 chemically bonded reversed 
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COMPARISON OF REAGENTS 1195 

phase  p l a t e s  (LKC18DF) were used .  Comparable p l a t e s  
w i t h o u t  f l u o r e s c e n t  i n d i c a t o r  were used  f o r  r e a g e n t s  
producing  s p o t s  f l u o r e s c i n g  a t  254 nm. To remove impur i -  
t i e s  and i n c r e a s e  s e n s i t i v i t y  o f  d e t e c t i o n  r e a g e n t s ,  
p l a t e s  were prewashed by development w i t h  ch lo ro fo rm-  
methanol  ( 1 : l )  ( s i l i c a  g e l )  o r  c h l o r o f o r m - a c e t o n i t r i l e  
(80:2O)(Cl8) and d r i e d  i n  a fume hood p r i o r  t o  s p o t t i n g .  
The p r o p e r t i e s  o f  t h e s e  p l a t e s  and g e n e r a l  t e c h n i q u e s  
f o r  t h e i r  p r o p e r  u t i l i z a t i o n  have been  d e s c r i b e d  ( 4 ) .  

Procedures  
S o l u t i o n s  were a p p l i e d  t o  t h e  p readso rben t  s p o t -  

t i n g  a r e a  by s t r e a k i n g  w i t h  a 2 5  1-11 Drummond D i a l a m a t i c  
m i c r o d i s p e n s e r ,  fo l lowed  by d r y i n g  w i t h  warm a i r  from 
a h a i r  d r i e r .  P l a t e s  were developed  i n  f i l t e r  p a p e r -  
l i n e d  g l a s s  chambers t h a t  were e q u i l i b r a t e d  w i t h  t h e  
mobi le  phase  f o r  approx ima te ly  1 5  minutes .  One hundred 
m l  o f  s o l v e n t  gave a poo l  i n  t h e  chamber t h a t  was about  
3 mm deep.  
f o r  1 0 - 1 2  cm and HP s i l i c a  g e l  6 cm.  

S i l i c a  g e l  TLC and C18 l a y e r s  were deve loped  

Developed p l a t e s  were a i r  d r i e d  i n  a fume hood,  
and d e t e c t i o n  r e a g e n t s  were a p p l i e d  e i t h e r  by s p r a y i n g  
from a Kontes Chromaflex s p r a y e r  o r  by d ipp ing  i n  a 
Thomas-Mitchel l  me ta l  d i p  t a n k  a s  d e s c r i b e d  i n  t h e  i n -  
d i v i d u a l  s e c t i o n s  below. Heat ing  s t e p s  were c a r r i e d  o u t  
i n  a t e m p e r a t u r e - r e g u l a t e d  P r e c i s i o n  Model 1 5  o r  Blue 
M E l e c t r i c  Co. Model OV-8A oven.  

Zones were scanned w i t h  a Kontes Model 800 f i b e r  
o p t i c s  d e n s i t o m e t e r  equipped w i t h  a Hewle t t  Packard  
Yodel 3390A c a l c u l a t i n g  i n t e g r a t o r / r e c o r d e r .  Scanning 
was done i n  t h e  double  beam mode u s i n g  t h e  s o u r c e  phos-  
phor  found t o  be most a p p r o p r i a t e ,  based  on maximum 
s i g n a l - t o - n o i s e  r a t i o ,  f o r  each  d e t e c t i o n  r e a g e n t .  A 

sh roud  was used  t o  c o n c e n t r a t e  t h e  l i g h t  s o u r c e .  C a l i -  
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1196 S H E W  AND BENNETT 

b r a t i o n  c u r v e s  were p l o t s  o f  i n t e g r a t o r  a r e a s  v s  nano-  
grams s p o t t e d  f o r  a s e r i e s  o f  s t a n d a r d  s p o t s .  

F i n g e r t i p  b lood  serum was ana lyzed  on C18 p l a t e s  
by t h e  f o l l o w i n g  p rocedure :  t h e  f i r s t  few d rops  from 
a p r i c k e d  f i n g e r  were r e j e c t e d ,  and t h e  sample (about  
5 ~ 1 )  was t h e n  a l lowed t o  f low f r e e l y  i n t o  t u b e s  de -  
s i g n e d  f o r  u s e  w i t h  a F i s h e r  Model 59  c e n t r i f u g e .  Blood 
was c e n t r i f u g e d  a t  7 0 0 0  rpm f o r  5 m i n u t e s ,  and t h e  serum 
was d i l u t e d  1 : l O  o r  1 : Z O  w i t h  d i s t i l l e d  w a t e r  t o  produce 
a s p o t  w i t h  an  a r e a  f a l l i n g  on t h e  l i n e a r  p o r t i o n  of 
t h e  c a l i b r a t i o n  curve  f o r  t h e  compound o f  i n t e r e s t  when 
5 p 1  was a p p l i e d  f o r  T L C .  The i n i t i a l  zones of  t h e  
sample ( s p o t t e d  i n  d u p l i c a t e )  and b r a c k e t i n g  s t a n d a r d s  
were d r i e d  f o r  5 min w i t h  a h a i r  d r i e r ,  and t h e  p l a t e  
was deve loped  w i t h  a c e t o n i t r i l e - m e t h y l  e t h y l  ke tone -  
c h l o r o f o r m - a c e t i c  a c i d  ( 5 0 :  30:15: 5) f o r  a d i s t a n c e  of  
13 c m  (about  2 5  m i n u t e s ) .  Chromatograms were oven d r i e d  
( 5  min, 100°C) ,  c o o l e d ,  d ipped  i n  Whatman 5% PMA r e a -  
g e n t ,  and h e a t e d  f o r  8 minu tes  a t  110-120°C. The p l a t e s  
were coo led  and scanned ,  and t h e  ave rage  sample s p o t  
a r e a  was i n t e r p o l a t e d  from t h e  c a l i b r a t i o n  c u r v e  con- 
s t r u c t e d  from t h e  s t a n d a r d s  i n  t h e  same p l a t e  t o  g i v e  
t h e  ng of l i p i d  p r e s e n t .  Convers ion  was made t o  mg/100 
m l  p r e s e n t  i n  b lood  based  on t h e  amount of sample s p o t -  
t e d  and t h e  d i l u t i o n  f a c t o r .  

RESULTS AND DISCUSSION 
L i p i d  and p h o s p h o l i p i d  v i s u a l i z a t i o n  r e a g e n t s  were 

e v a l u a t e d  on s i l i c a  g e l  TLC and HPTLC l a y e r s  and on 
CI8 RP l a y e r s  i n  terms o f  a b i l i t y  t o  d e t e c t  2 -3  vg 
amounts s t a t i c a l l y  (wi thou t  deve lopment ) ;  v i s u a l  and 
scann ing  s e n s i t i v i t y  a f t e r  development;  d e n s i t o m e t r i c  
c a l i b r a t i o n  cu rve  ( s l o p e ,  l i n e a r i t y ) ;  s t a b i l i t y  of  de-  
t e c t i o n  (by scann ing  a s i n g l e  zone r e p e a t e d l y  ove r  a 
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COMPARISON OF REAGENTS 1197 

period of time); and quantification reproducibility 
(relative standard deviation of the scan areas of six 
standard zones after spotting, development, and detec- 
tion). Mobile phases used on silica gel for the cali- 
bration curves, reproducibility, and time studies were 
chloroform-ethyl acetate (94:6) for cholesterol (RF 0.40), 
hexane-ethyl ether-acetic acid (80:20:1) for methyl 
oleate (RF 0.60), and chloroform-ethyl acetate-n-propanol- - 
methanol-0.25% aq. KC1 (25:25:25:13:9) for sphingomyelin 
(RF 0.10) and lecithin (RF 0.20). 
chloroform-methanol-ethanol-acetic acid (40:30:20:10) 
o r  chloroform-methanol-ethanol-O,25% KC1 (40:20:20:20) 
were used to provide increased RF values for lecithin 
and sphingomyelin. On C18 RP layers, ethanol-acetic 
acid-formic acid (80:lO:lO) was used for cholesterol 
(RF 0.35), acetonitrile-chloroform (60:40) for choles- 
teryl oleate (RF 0.30) and triolein (RF 0 . 3 0 ) ,  and 
acetonitrile-methyl ethyl ketone-chloroform (50:35:15) 
for methyl oleate (RF 0.55). These mobile phases were 
designed t o  yield RF values that were usually within 
the optimal range of 0.3-0.7 for densitometric analysis 
(5). On HP plates, the short (6 cm) development dis- 
tance required an RF value of at least 0.25 so that the 
spot could be scanned without interference from the 
preadsorbent-sorbent junction. 

On HP silica gel, 

The Nu-Chek Prep 18-4A neutral lipid standard mix- 
ture was completely separated on a reversed phase layer 
using the mobile phase acetonetrile-methyl ethyl ketone- 
chloroform-acetic acid (50:35:15:5). 
were cholesteryl oleate 0.19-0.22, triolein 0.25-0.30, 
cholesterol 0.31-0.36, methyl oleate 0.58-0.60, and oleic 
acid 0.65-0.67 after a 13 cm development (25 minutes). 
The RF values f o r  this mixture on silica gel developed 
with hexane-diethyl ether-acetic acid (80:20:1) were 

RF range values 
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1198 S H E W  AND BENNETT 

cholesterol 0 . 0 8 ,  oleic acid 0 . 2 4 ,  triolein 0.37, methyl 
oleate 0.49, and cholesteryl oleate 0 . 6 2 .  Comparisons 
of these values indicate some sequence changes but not 
the exact reversal that would be expected if the mech- 
anism on the C18 layer was totally reversed phase parti- 
tion. Phospholipids were difficult to quantify on 
C18 layers because four of the six natural standards 
gave two zones upon development with mobile phases such 
as those listed above and detection with PMA. For ex- 
ample, development of phospholipid standards on C18 with 
ethanol-acetic acid-H20 (80:lO:lO) gave the following 
RF values: (lecithin 0.21-0.27 Ostreak), phosphatidyl 
serine 0.39 + 0 . 4 5 ,  sphingomyelin 0.17 + 0 . 2 6 ,  and phos- 
phatidyl glycerol 0.47 + 0 . 5 1 .  These multiple compounds 
apparently were not resolved on silica gel in the mobile 
phases employed in this research. Phosphatidyl eth- 
anolamine and phosphatidyl inositol gave single spots 
with respective RF values of 0 . 4 6  and 0.49 in this mobile 
phase. 

The following subsections describe procedures and 
results for the various detection reagens. In each case 
all f o u r  lipids and seven phospholipids were tested for 
static detection, and selected compounds were developed 
and evaluated in terms of sensitivity, stability, and 
densitometry. 

Phosphomolybdic Acid (PMA) 
PMA was prepared as a 5 %  solution in absolute eth- 

anol, followed by vacuum filtration through a Buchner 
funnel, The solution is bright yellow when fresh but 
darkens to yellow-green on storage. Whatman PMA reagent 
(Catalog No. 4911-119) was found to be equivalent to 
fresh laboratory-prepared solution and not to require 
storage in a refrigerator. Chromatograms were dipped 
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COMPARISON OF REAGENTS 1199 

into the reagent and then heated at 110-120°C for 8-12 
minutes to produce blue spots on a yellow background. 
Overheating caused darkening of the background. PMA 
can be incorporated into the layer by dipping prior to 
development if the mobile phase will not wash out the 
reagent ( 6 ) .  Pre-dipping was possible with the phases 
used for lipids but not those for the phospholipids. 
Since there were no significant advantages found for 
pre-dipping, post-dipping was routinely used. The dip 
solution was reused as long as it retained its light 
yellow color. The red Kontes phosphor was employed to 
scan spots produced by PMA. 

All of the lipids and phospholipids except dipalmitoyl 
lecithin (containing only saturated phospholipid) were 
strongly detected at 2 ug level statically on both sil- 
ica gel TLC and HPTLC layers. The visual and scanning 
detection limits were 100 and 2 0 0  ng, respectively, for 
silica gel TLC and 50 ng and 100 ng f o r  HPTLC. Scan 
areas were stable for at least 60 minutes. On silica 
gel, calibration curves were typically linear from 2 0 0 -  

1200 ng with correlation (linearity) coefficients (r)  
o f  0.98. Reproducibility o f  scanning six spots ranged 
from 3.1-4.9% for both lipids and phospholipids. On 
HP silica gel, linearity was obtained from 100-1000 ng, 
r was approximately 0.96, and reproducibility was 1.4- 
4.8%. Figure 1 shows a calibration curve for sphingo- 
myelin on HP silica gel. 

On C18 RP layers, all compounds were detected with 
visual limits o f  25-100 ng and scanning limits of 5 0 -  

200 ng. Calibration curves were linear to about 1000 ng 
and r values were at least 0.98 .  Reproducibility of 
quantification for cholesterol was 4.9%. A calibration 
curve for cholesteryl oleate is illustrated in Figure 2 .  
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ng Sphingomyelin Spotted 

Figure 1. Calibration curve for 100-2000 ng of sphin- 
gomyelin developed on a high performance 
silica gel plate with chloroform-methanol- 
ethanol-0.25% KC1 (40:30:20:10) and detected 
with PMA. 

Scans of the peaks used to construct this curve are shown 
in Figure 3. 

Cleaning o f  plates by predevelopment was very im- 
portant in obtaining a light yellow background with PMA, 
and use of  an oven with even heat distribution was im- 
portant for good precision. Freshness o f  the PMA solu- 
tion was more important on RP plates than on silica gel. 
Laboratory-made solution could be used only within 24 
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Figure 2. Calibration curve for 200 to 1000 ng of 
cholesteryl oleate developed on a 
versed phase plate with acetonitrile-chloro- 
form (60:40) and detected with PMA. 

C18 re- 

Figure 3. Scans of 200-1000 ng of cholesteryl oleate 
on a C18 layer using the Kontes Model 800 
scanner and Hewlett Packard Model 3390A in- 
tegrator with attenuation X8. 
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1202 S H E W  AND BENNETT 

hours  of  p r e p a r a t i o n .  However, Whatman PMA r e a g e n t  s o l u -  
t i o n  was u s e f u l  ove r  a p e r i o d  of  a t  l e a s t  one week. 

CuDric A c e t a t e  
The r e a g e n t  was p r e p a r e d  by mixing f o r  1 hour  w i t h  

a magnet ic  s t i r rer  30 g of  c u p r i c  a c e t a t e  monohydrate 
and 80  m l  o f  phosphor i c  a c i d  w i t h  s u f f i c i e n t  d i s t i l l e d  
wa te r  t o  make one l i t e r  o f  s o l u t i o n .  P l a t e s  were d i p -  
ped i n t o  t h e  r e a g e n t  and t h e n  h e a t e d  (16OoC f o r  8 - 1 5  
min f o r  s i l i c a  g e l  and 1 2 O O C  f o r  4 - 5  minutes  f o r  C18) 
t o  produce c h a r r e d  s p o t s  on a w h i t e  background. The 
wh i t e  phosphor  was i n s e r t e d  when scann ing  t h e  zones ( 7 ) .  

A l l  compounds were s t a t i c a l l y  d e t e c t e d  a t  t h e  2 pg 
l e v e l  on s i l i c a  g e l  excep t  d i p a l m i t o y l  l e c i t h i n  ( s a t -  
u r a t e d )  ( 8 ) .  V i s u a l  and scann ing  s e n s i t i v i t y  were b o t h  
1 0 0  ng f o r  c h o l e s t e r o l  and sphingomyel in  and 2 0 0  ng/400 ng 
f o r  l e c i t h i n .  The l i n e a r  r ange  o f  c a l i b r a t i o n  cu rves  
was t y p i c a l l y  100-1000 ng and c o r r e l a t i o n  c o e f f i c i e n t s  
were 0 .96-0 .99 .  The r e p r o d u c i b i l i t y  f o r  c h o l e s t e r o l  
was 4 . 4 %  and f o r  l e c i t h i n  7 . 1 % .  A t i m e  s t u d y  i n d i c a t e d  
s t a b i l i t y  w i t h i n  2 . 5 %  ove r  a p e r i o d  o f  30  minutes  upon 
scanning  o f  a 4 0 0  ng c h o l e s t e r o l  zone. 

V i s u a l  d e t e c t i o n  l i m i t s  on HP s i l i c a  g e l  were 2 5  ng 
f o r  c h o l e s t e r o l  and l e c i t h i n ,  and 50 and 1 0 0  ng f o r  t h e s e  
compounds, r e s p e c t i v e l y ,  f o r  s cann ing .  C a l i b r a t i o n  cu rves  
were l i n e a r  up t o  1 0 0 0 - 1 2 0 0  ng ,  w i t h  r v a l u e s  of  0 . 9 1 -  
0 . 9 8 .  R e p r o d u c i b i l i t y  f o r  c h o l e s t e r o l  and l e c i t h i n  were 
2 . 9  and 4 . 3 % ,  r e s p e c t i v e l y .  

Cupr i c  ace ta te  was n o t  s u c c e s s f u l l y  a p p l i e d  t o  C18 
l a y e r s .  The h e a t i n g  t ime was v e r y  c r i t i c a l ,  and i t  was 
v i r t u a l l y  imposs ib l e  t o  produce da rk  s p o t s  w i t h  good 
c o n t r a s t  b e f o r e  t h e  l a y e r  i t s e l f  began t o  c h a r .  Even 
on s i l i c a  g e l ,  t h e  t ime and t empera tu re  of h e a t i n g  were 
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COMPARISON OF REAGENTS 1203 

more c r i t i c a l  f o r  r e p r o d u c i b l e  zone c o l o r  and a l i g h t ,  
c o n s i s t e n t  background t h a n  w i t h  PMA. Zone s c a n s ,  b a s e -  
l i n e s ,  c a l i b r a t i o n  c u r v e s ,  and r v a l u e s  a l s o  tended  t o  
be less  e r r a t i c  f o r  PMA compared t o  c u p r i c  a c e t a t e .  
The b e s t  r e s u l t s  t h a t  cou ld  be  achieved  on RP l a y e r s  
were a 2 0 0  ng v i s i b l e  d e t e c t i o n  l i m i t  f o r  c h o l e s t e r o l  
and a 16% RSD r e p r o d u c i b i l i t y  f o r  scanning  r e p l i c a t e  
zones.  

Cuor i c  S u l f a t e  
The r e a g e n t  was p r e p a r e d  by d i s s o l v i n g  100 g o f  

anhydrous c u p r i c  s u l f a t e  p l u s  80  m l  of  phosphor i c  a c i d  
i n  enough wa te r  t o  make one l i t e r  and m a g n e t i c a l l y  s t i r -  
r i n g  f o r  1 h o u r ( 8 ) .  P l a t e s  were d ipped  and h e a t e d  €o r  
10-15  minutes  a t  16OoC t o  produce c h a r r e d  zones on a 
w h i t e  background,  The wh i t e  phosphor  was used  t o  scan  
t h e s e  zones.  

S t a t i c  d e t e c t i o n  of  a l l  compounds, i n c l u d i n g  d i p a l -  
m i t o y l  l e c i t h i n  ( s a t u r a t e d ) ,  was o b t a i n e d  a t  t h e  2 1-18 
l e v e l .  The d e t e c t i o n  o f  s a t u r a t e d  p h o s p h o l i p i d  w i t h  
CuS04 r e a g e n t  b u t  n o t  c u p r i c  a c e t a t e  has  a l r e a d y  been 
r e p o r t e d  ( 8 ) .  

D e t e c t i o n  l i m i t s  o f  l i p i d s  and phospho l ip ids  were 
5 0 - 1 0 0  ng v i s u a l l y  and 1 0 0 - 2 0 0  ng f o r  s cann ing  on s i l -  
i c a  g e l .  L i m i t s  f o r  d i p a l m i t o y l  l e c i t h i n  were 2 0 0  and 
4 0 0  ng,  r e s p e c t i v e l y .  C a l i b r a t i o n  cu rves  were l i n e a r  
t o  1 2 0 0  n g ,  w i t h  r v a l u e s  o f  0 .90-0.98.  RSD v a l u e s  were 
2 . 5 %  f o r  c h o l e s t e r o l  and 1 . 5 %  f o r  egg l e c i t h i n .  On HP 
s i l i c a  g e l ,  d e t e c t i o n  l e v e l s  were s i m i l a r ,  b u t  c a l i b r a -  
t i o n  cu rves  had c o n s i d e r a b l y  lower r v a l u e s  due t o  zone 
s c a n s  w i t h  uneven b a s e l i n e s  t h a t  were d i f f i c u l t  t o  mea- 
s u r e  a c c u r a t e l y .  Backgrounds were g e n e r a l l y  d a r k e r  and 
l e s s  even t h a n  w i t h  c u p r i c  a c e t a t e  r e a g e n t .  Two s p o t s  
were d e t e c t e d  f o r  some o f  t h e  n a t u r a l  p h o s p h o l i p i d s  which 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1204 SHERMA AND BENNETT 

had g i v e n  o n l y  one s p o t  w i t h  c u p r i c  a c e t a t e  o r  PMA, i n -  
d i c a t i n g  t h e  p r e s e n c e  o f  s a t u r a t e d  p h o s p h o l i p i d  i n  t h e s e  
s t a n d a r d s  ( 8 ) .  One 8 0 0  ng zone o f  c h o l e s t e r o l  was s c a n -  
ned  o v e r  a 30 = i n  p e r i o d  and a r e a s  were c o n s t a n t  w i t h i n  
5 . 5 % .  
t h e  p l a t e  t u r n e d  d a r k  b e f o r e  s p o t s  appea red  w i t h  a l l  
h e a t i n g  c o n d i t i o n s  a t t e m p t e d .  

D i t t m e r - L e s t e r  Reagent  

C u p r i c  s u l f a t e  w a s  n o t  a p p l i c a b l e  w i t h  C18 l a y e r s ;  

The r e a g e n t  was p r e p a r e d  from molybdic  a n h y d r i d e  
and molybdenum i n  a c i d  s o l u t i o n  a s  d e s c r i b e d  e a r l i e r  
( 4 , l O ) .  The p l a t e  was s p r a y e d  u n i f o r m l y  u n t i l  l i g h t l y  
damp t o  produce  b l u e  zones f o r  p h o s p h o l i p i d s ,  b u t  l i p i d s  
were n o t  d e t e c t e d .  V i s u a l  d e t e c t i o n  l i m i t s  were abou t  
1 pg f o r  d i p a l m i t o y l  and egg l e c i t h i n  and p h o s p h a t i d y l  
e t h a n o l a m i n e ,  and a p p r o x i m a t e l y  2 pg f o r  t h e  o t h e r s  
a f t e r  deve lopment .  The b l u e  s p o t s  appea red  on a l i g h t e r  
b l u e  background and were b l o t c h y  and g r a i n y ;  a f t e r  4 
h o u r s ,  t h e  s p o t s  became w h i t e .  The b l u e  zones were  n o t  
s u i t a b l e  f o r  s c a n n i n g  on e i t h e r  s i l i c a  g e l  TLC o r  HPTLC 
p l a t e s .  
g l y c e r o l  were d e t e c t e d  a t  t h e  2 pg l e v e l  d u r i n g  s t a t i c  
t e s t s ,  and t h e s e  s p o t s  were b l o t c h y  and u n s t a b l e .  

Phospray 
The p r e p a r e d  r e a g e n t  f rom Supe lco  was a p p l i e d  by 

u s i n g  a p r o c e d u r e  recommended by t h e  m a n u f a c t u r e r  d u r -  
i n g  a phone c o n v e r s a t i o n .  The chromatogram was t h o r o u g h l y  
a i r  d r i e d ,  h e a t e d  a t  1 0 0 a C  f o r  1 0  sec ,  s p r a y e d  m o d e r a t e l y ,  
and t h e n  r e - h e a t e d  f o r  3 0 - 6 0  s e c o n d s .  Green s p o t s  were 
produced  a g a i n s t  a d a r k  b l u e  background f o r  a l l  phos-  
p h o l i p i d s  a t  t h e  2 pg l e v e l  i n  s t a t i c  t e s t s ,  w i t h  t h e  
egg l e c i t h i n  and p h o s p h a t i d y l  s e r i n e  and i n o s i t o l  zones 
be ing  most s t r o n g l y  c o l o r e d .  L i p i d s  were n o t  d e t e c t e d .  
The p l a t e  background was a lways  uneven e x c e p t  a f t e r  t h e  
l i g h t e s t  s p r a y i n g ,  which d i d  n o t  a l l o w  t h e  p h o s p h o l i p i d s  

On C18 l a y e r s ,  o n l y  p h o s p h a t i d y l  s e r i n e  and 
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COMPARISON OF REAGENTS 1205 

t o  b e  d e t e c t e d .  Whatman K4 gypsum-bound s i l i c a  g e l  
p l a t e s  gave  much b e t t e r  r e s u l t s  t h a n  on t h e  o r i g i n a l l y  
used  K5 s i l i c a  g e l  TLC and HPTLC p l a t e s ,  b u t  s i l i c a  g e l  
G was n o t  i n c l u d e d  as p a r t  o f  t h i s  r e s e a r c h  p r o j e c t .  
No d e t e c t i o n  was o b t a i n e d  f o r  any of  t h e  p h o s p h o l i p i d s  
o r  l i p i d s  i n  s t a t i c  t e s t s  a t  t h e  2 -3  ug l e v e l  on C18 

RP l a y e r s .  

Bromothymol Blue 
Commercial r e a g e n t  s o l u t i o n  (Supelco  No. 3 - 4 6 5 6 )  

was s p r a y e d  on t h e  p l a t e  u n t i l  we t .  A l l  l i p i d s  and 
p h o s p h o l i p i d s ,  i n c l u d i n g  d e p a l m i t o y l  l e c i t h i n ,  were  
d e t e c t e d  on s i l i c a  g e l  a s  aquamarine s p o t s  on a g r e e n  
background.  Scanning  was a t t e m p t e d  u s i n g  t h e  r e d  phos -  
p h o r ,  b u t  uneven backgrounds and w h i t e  shadows n e a r  t h e  
s p o t s  p r e c l u d e d  s a t i s f a c t o r y  r e s u l t s ,  Fo r  example,  a 
r e p r o d u c i b i l i t y  s t u d y  w i t h  egg l e c i t h i n  r e s u l t e d  i n  a 
2 1 %  r e l a t i v e  s t a n d a r d  d e v i a t i o n .  S e n s i t i v i t y  o f  v i s u a l  
d e t e c t i o n  was approx ima te ly  50-100 ng.  D e t e c t i o n  was 
n o t  s u c c e s s f u l  f o r  l i p i d s  o r  p h o s p h o l i p i d s  on C18 RP 
l a y e r s  because  t h e  l a y e r  background was b l u e .  

1 ,2 -Naph thoqu inone -4 -Su l fon ic  Acid 

4 - s u l f o n i c  a c i d  d i s s o l v e d  i n  1 0 0  m l  o f  a m i x t u r e  of  
e t h a n o l - 6 0 %  H C 1 0 q - H 2 0 - 4 0 %  formaldehyde ,  20:10:9:1)  w a s  
a p p l i e d  by d i p p i n g  t h e  p l a t e s ,  which were t h e n  h e a t e d  
f o r  7 - 8  minu tes  a t  8OoC t o  produce  b l u e  s p o t s  a g a i n s t  
a t a n  background.  The r e d  phosphor  was used  f o r  d e n s i -  
t ome t ry .  A l l  compounds e x c e p t  d i p a l m i t o y l  l e c i t h i n  were  
d e t e c t e d  on s i l i c a  g e l  a t  minimum l e v e l s  of  2 0 0  ng ( v i s -  
u a l )  t o  400 ng ( s c a n n i n g ) .  The c a l i b r a t i o n  c u r v e  f o r  
c h o l e s t e r o l  w a s  l i n e a r  from 4 0 0 - 1 0 0 0  n g ,  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  was 0 . 9 9 ,  and r e p r o d u c i b i l i t y  was 13% ( R S D ) .  
The ma jo r  problems w i t h  t h e  r e a g e n t  were t h e  s e n s i t i v e  
n a t u r e  of  t h e  h e a t i n g  s t e p  r e q u i r e d  t o  a c h i e v e  t h e  maxi-  

The r e a g e n t  s o l u t i o n  ( 1 0 0  mg of  1 ,2 -naph thoqu inone -  
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1206 SHERMA AND BENNETT 

mum c o n t r a s t  between t h e  s p o t s  and t h e  background,  as 
w e l l  a s  t h e  g e n e r a l l y  b l o t c h y  and uneven background p r o -  
duced.  These problems were even  worse  on HP s i l i c a  g e l  
t h a n  on K5 s i l i c a  g e l .  On C18 RP l a y e r s ,  a l l  compounds 
were d e t e c t e d  a t  t h e  2 0 0 - 4 0 0  ng l e v e l ,  b u t  d i p p i n g  t h e  
r e a g e n t  caused  t h e  l a y e r  t o  l o o s e n  and sometimes come 
o f f  t h e  g l a s s ,  p r e c l u d i n g  u s e  of  t h e  r e a g e n t  f o r  quan-  
t i f i c a t i o n .  

Acid Fuchs in -Urany l  A c e t a t e  
At tempts  t o  a p p l y  t h i s  r e a g e n t ,  p r e v i o u s l y  d e s c r i b e d  

by Michalec  and R e i n i s o v a  (10)  and Micha lec  and Kolman 
( l l ) ,  were u n s u c c e s s f u l .  A l l  l i p i d s  and p h o s p h o l i p i d s  
were d e t e c t e d  a s  f a i n t  r e d  s p o t s  a g a i n s t  a l i g h t  r e d ,  
uneven background a t  t h e  500-1000 ng l e v e l  on s i l i c a  
g e l .  At tempts  t o  d i p  C18 l a y e r s  caused  t h e  l a y e r  t o  
be  removed from t h e  g l a s s ,  and s p r a y i n g  t h e  r e a g e n t s  
gave poor  d e t e c t i o n  s e n s i t i v i t y  and an  uneven ,  c o l o r e d  
background.  No c o n d i t i o n s  c o u l d  b e  found u s i n g  t h e s e  
two s o l u t i o n s  t o  o b t a i n  r e d  s p o t s  on a w h i t e  background 
as r e p o r t e d  e a r l i e r .  

6-p-Toluidino-2-Naphthalenesulfonic - Acid ,  Po ta s s ium S a l t  

A 1 mM TNS s o l u t i o n  was p r e p a r e d  i n  50 mM T r i s -  
H C 1 ,  pH 7 . 4  and l i g h t l y  s p r a y e d  o n t o  t h e  l a y e r  ( 1 2 ) .  
A l l  l i p i d s  and p h o s p h o l i p i d s  were d e t e c t e d  v i s u a l l y  on 
s i l i c a  g e l  a t  100-1000 ng l e v e l s  unde r  sho r twave  UV l i g h t ,  
b u t  t h e  s p o t s  f a d e d  q u i c k l y  and c o u l d  n o t  be  r e p r o d u c i b l y  
scanned .  
because  t h e  l a y e r  became f l u o r e s c e n t  unde r  sho r twave  UV 
l i g h t  a f t e r  a p p l i c a t i o n .  

P r imul  i n e  

The r e a g e n t  c o u l d  n o t  b e  used  on C18 p l a t e s  

The r e a g e n t  was p r e p a r e d  by d i l u t i n g  1 m l  o f  s t o c k  
s o l u t i o n  ( 0 . 1  g p r i m u l i n e  i n  1 0 0  m l  HZO) t o  1 0 0  m l  w i t h  
a c e t o n e - H 2 0 ) ( 4 : l )  ( 1 3 ) .  P l a t e s  were s p r a y e d  u n t i l  wet  
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COMPARISON OF REAGENTS 1207 

and viewed immedia te ly .  A l l  l i p i d s  and phospho l ip ids  
were d e t e c t e d  v i s u a l l y  a t  t h e  1 pg l e v e l  a f t e r  deve lop -  
ment a s  p u r p l e  s p o t s  a g a i n s t  a g r e e n  background on s i l -  
i c a  g e l  when viewed under  shortwave UV l i g h t .  A s  t h e  
p l a t e  d r i e d  a f t e r  s p r a y i n g ,  t h e  s p o t s  f aded  and s e n s i -  
t i v i t y  dec reased  s o  t h a t  r e p r o d u c i b l e  scann ing  was n o t  
p o s s i b l e .  No s p o t s  were v i s i b l e  under  e i t h e r  longwave 
o r  shortwave UV l i g h t  on C18 l a y e r s .  

S u l f u r i c  Acid i n  E thano l  
P l a t e s  were sp rayed  l i g h t l y  b u t  un i formly  w i t h  

a b s o l u t e  e t h a n o l - c o n c .  H2S04 ( 9 : l )  and h e a t e d  a t  180°C 
f o r  5 - 1 0  minutes  (14 ) .  Tan s p o t s  on a p u r p l e  background 
were v i s i b l e  under  longwave UV l i g h t  on s i l i c a  g e l  f o r  
a l l  compounds excep t  d i p a l m i t o y l  l e c i t h i n ,  b u t  v i s u a l  
s e n s i t i v i t y  was n o t  a s  good a s  f o r  PMA. T h e r e f o r e ,  
q u a n t i f i c a t i o n  by scann ing  was n o t  s t u d i e d .  

The same compounds were v i s u a l l y  d e t e c t e d  on C18 

l a y e r s  a t  minimum l e v e l s  r ang ing  from 4 0 0  ng-9 pg. 
Scanning i n  t h e  longwave UV r e g i o n  was done by p l a c i n g  
t h e  2 5 4  nm f i l t e r  on t o p  o f  t h e  351 nm phosphor and 
t a p i n g  a p l a s t i c  I tsunscreen" ove r  t h e  d e n s i t o m e t e r  head  
t o  b lock  360 nm r a d i a t i o n  from reach ing  t h e  d e t e c t o r .  
The c a l i b r a t i o n  cu rve  f o r  c h o l e s t e r o l  was l i n e a r  from 
1 - 3  pg w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .99 .  
curve f o r  methyl  o l e a t e  was l i n e a r  from 5 - 9  pg w i t h  a 
l i n e a r i t y  of  0 .99;  5 pg was t h e  lowes t  l e v e l  t h a t  gave 
a peak f o r  t h i s  compound, a l though  t h e  v i s u a l  d e t e c t i o n  
l i m i t  was 4 0 0  ng.  Peak a r e a s  were c o n s t a n t  over  a p e -  
r i o d  of  a t  l e a s t  30 minu te s ,  and r e p r o d u c i b i l i t y  o f  
scanning  was 4 . 7 %  (RSD) .  I t  i s  impor t an t  n o t  t o  ove r -  
h e a t  t h e  p l a t e  o r  t h e  s p o t s  (and e v e n t u a l l y  t h e  back-  
ground) w i l l  c h a r  i n s t e a d  of becoming f l u o r e s c e n t .  

The 
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1208 S H E W  AND BENNETT 

N i t r i c  Acid Vapors 
P l a t e s  were p l a c e d  i n  a c l o s e d  chamber s a t u r a t e d  

( f o r  1 hour )  w i t h  vapor s  from conc.  H N 0 3  c o n t a i n e d  i n  
a 3 0  m l  beake r  ( 1 5 ) .  A f t e r  13  minutes  exposure ,  t h e  
p l a t e s  were h e a t e d  f o r  1 0  minutes  a t  18OoC t o  produce 
o range -g reen  s p o t s  a g a i n s t  a p u r p l e  background when 
viewed under  longwave UV l i g h t .  C h o l e s t e r o l ,  c h o l e s -  
t e r y l  o l e a t e ,  sphingomyel in ,  and p h o s p h a t i d y l  s e r i n e ,  
i n o s i t o l ,  and e thanolamine  were v i s u a l l y  d e t e c t e d  a t  
l e v e l s  of  2 - 5  ug a f t e r  development on s i l i c a  g e l ,  bu t  
background n o i s e  p r e c l u d e d  s u c c e s s f u l  q u a n t i f i c a t i o n  
by scann ing .  
was w e l l  d e t e c t e d  a t  approximate ly  2 pg,  b u t  aga in  an 
uneven background d i d  n o t  a l low s u c c e s s f u l  s cann ing .  

2t,7t-Dichlorofluorescein 

s o l u t i o n  (1 .5  m g / 1 0 0  m l  i s o p r o p a n o l ) ,  a i r  d r i e d  f o r  1 5  
minu tes ,  and viewed under  longwave UV l i g h t  ( 1 6 ) .  Spo t s  
w i t h  s u f f i c i e n t  c o n t r a s t  t o  t h e  background t o  a l l o w  
s e n s i t i v e  v i s u a l  d e t e c t i o n  o r  q u a n t i f i c a t i o n  were n o t  
produced on any of  t h e  l a y e r s  t e s t e d .  

Conclus ions  

On a C18 l a y e r ,  o n l y  p h o s p h a t i d y l  s e r i n e  

P l a t e s  were d ipped  f o r  1 0  seconds i n  t h e  r e a g e n t  

Based on t h e  above r e s u l t s ,  i n  ou r  hands PMA proved  
t o  be t h e  o v e r a l l  b e s t  r e a g e n t  f o r  d e t e c t i o n  and i n  s i t u  
q u a n t i f i c a t i o n  o f  l i p i d s  and p h o s p h o l i p i d s  on a l l  t h r e e  
l a y e r s  c o n s i d e r i n g  t h e  a forement ioned  c r i t e r i a .  Cupr ic  
a c e t a t e  was a l s o  e x c e l l e n t  f o r  s i l i c a  g e l  b u t  n o t  f o r  
C18 bonded l a y e r s .  
second b e s t  r e a g e n t  found f o r  t h e  RP l a y e r s ,  b u t  t h e  
s e n s i t i v i t y  o f  q u a n t i f i c a t i o n  was n o t  equa l  t o  PMA. 

E t h a n o l i c  s u l f u r i c  a c i d  was t h e  

I t  must be  s t r e s s e d  t h a t  o u r  s t u d y  was made u s i n g  
c l o s e l y  c o n t r o l l e d ,  s t a n d a r d i z e d  p r o c e d u r e s ,  b u t  o n l y  
w i t h  t h r e e  t y p e s  of  polymer-bound (ha rd )  l a y e r s  t h a t  
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are  t h e  most w ide ly  used  today .  R e s u l t s  w i t h  any g i v e n  
r e a g e n t  might  b e  d i f f e r e n t  on a n o t h e r  t y p e  o f  l a y e r ,  
e . g . ,  s i l i c a  g e l  G ,  which may have been  used  when t h e  
r e a g e n t  was o r i g i n a l l y  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  o r  
i f  a d i f f e r e n t  s c a n n e r  was used .  

A n a l y s i s  o f  Blood Serum 
To demons t r a t e  t h e  a p p l i c a t i o n  o f  RP l a y e r s  and 

PMA f o r  t h e  a n a l y s i s  of  l i p i d s  i n  b i o l o g i c a l  f l u i d s ,  
b lood  serum from a s i n g l e  s u b j e c t ,  an  a p p a r e n t l y  h e a l t h y  
a d u l t  ma le ,  was ana lyzed  by d i r e c t  s p o t t i n g  on C18 p r e -  
a d s o r b e n t  p l a t e s ,  as d e s c r i b e d  i n  t h e  Exper imen ta l  s e c -  
t i o n ,  f o l l o w e d  by development  w i t h  a c e t o n i t r i l e - m e t h y l  
e t h y l  k e t o n e - c h l o r o f o r m - a c e t i c  a c i d  (50:30:15:5) .  The 
ave rage  v a l u e s  o f  morning b lood  were 5 0 . 0  mg of  c h o l e s -  
t e r o l  and 3 2 . 0  mg o f  c h o l e s t e r y l  o l e a t e  p e r  1 0 0  m l .  
F i g u r e  4 shows t h e  s c a n s  of  d u p l i c a t e  5 1.11 o f  t h i s  serum 
a f t e r  d i l u t i o n  ( 1  + 9 )  w i t h  water.  The peak a r e a s  f o r  
c h o l e s t e r o l  a g r e e d  w i t h i n  7 . 7 %  and f o r  c h o l e s t e r y l  
o l e a t e  w i t h i n  1 . 3 % .  The t r i o l e i n  c o n t e n t  was n o t  quan-  
t i f i e d .  Blood t a k e n  from t h e  same s u b j e c t  i n  t h e  a f t e r -  
noon o f  t h e  same day had 6 7 . 5  mg/100 m l  o f  c h o l e s t e r o l  
and 3 6 . 0  mg/100 m l  o f  c h o l e s t e r y l  o l e a t e .  

F i g u r e  4 .  Scans o f  chromatograms of  d u p l i c a t e  5 111 
b lood  serum samples ;  peak 1 i s  c h o l e s t e r o l ,  
2 i s  t r i o l e i n ,  and 3 i s  c h o l e s t e r y l  o l e a t e .  
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On day 2 o f  the study, morning blood contained 
28.0 mg/100 ml of cholesteryl oleate and 69.0 mg o f  

cholesterol. Triolein was again identified but not 
quantified. On day 3, morning and afternoon blood sam- 
ples were collected, diluted 20:1, and the triolein 
content was determined to be 240 mg/lOO ml in both samples. 
In all analyses, duplicate samples agreed within 10% 
and usually within 5%. 

These limited analyses demonstrate the practicality 
of preadsorbent RP-TLC for lipid determination using 
PMA detection reagent. 
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