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SUMMARY 

Lipid profiles were determined by high-performance thin-layer chrom&ography (HPTLC) 
after direct application of 0.5 ~1 plasma from capillary blood to the silicagel layer- Coef- 
ficients of variation for the fluorescence m easurements were 2.1% for chokskrol, 1.5% 
for cholesterol esters, 2.8% for .triacylglycerols, and 2.3% for phosphatidylcholine. The 
recovery of known amounts of lipid was 96100%. A linear relationship between peak area 
and amount of lipid was found in the nmole range, corresponding to the amonnt of lipid 
in O.P25--0.75 PI Lipid-Tml, which served 815 the stsmdard reference sample. 

The pLsx& lipids of health y subje&s and of patients s&&.&g &om &kzs illueses 
were a%na.lyzed using reference methods and-IiPTLC. Identical VdQeS were obtained for 
cholesterol esters, tr&ylglyceroLs and phosphatidylcholine. F’ree cholekterol values deter- 
mined by ElPTLC were dightly lower (7%)- The corrdation between date obtained by re- 
ference ~meth& and HPTLC was as follows: ch&sterol, r = 0.938; cholesterol esters, 
r = 0.964; kiacylglycerols~ r = 0.985; phosph&idylcholine, r = 0.938. The ,zeparatioy and 
quantitation of liver lipids using HPTLC after direct application of the tissue homogenate 
to the silical*el layer was carried out. Comparison with reference methods revealed that 
HPTIC gave higher cholesterol vel~es (24%). The triacylgl~cerol concentrations, however, 
were identical under both methods andeorrelated satkfactorily (r = 0.959). 

lNTRODUCTION 

Thin-layer chromatography (TLC) has been widely used for the deterxnina- 
tion--of. pla&a lipids in various clinical situations [I-3]. However, lipid ex- 
traction- prior to TLC is’ timeconsu&ng and requires. relakively large sample 
volumes, :.Therefore, efforts have been made to apply the plasma samples 
directly -to the-silicagel layer. Whitner _et aI. [4], Buckley et al. [5], and 
Mtmtel~et-&I: [S] ~swceed& in separating the neutral -lipids of 18-20 @ fxmm 
u&g @rect application :.of the tiple~to self-prepared%h&&syer plates. With 
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these systems, the phospholipids were not developed. 
The direct apphcation of 5-20 ~1 serum to commercial TLC plateshas been 

described in a previous report [ 7]_ Hydrochloric acid wasused to denature the 
serum proteins on the plate. The quality of separation of the neutral lipids 
was satisfactory. The recovery of 3H-label in free and esterified cholesterol 
of samples incubated with [“HI -cholesterol prior to TLC was nearly 100%; 
the coefficient of variation was less than 2%. However, the phospholipids 
were not seParated in this system. 

It was the purpose of this study to develop a direct apphcation procedure 
for quantitative high-performance TLC (HPTLC) in the nmole range. After 
the direct application of 0.5 yl capillary blood plasma to the silica-gel layer, 
the neutral and polar lipids were separated. Quantitation of the lipids w-as 
carried out by fluorescence measurement according to Segura and Gotto 181. 
The results obtained for healthy subjects and various types of hyperlipidemic 
patients were found to correlate well with those determined by reference 
methods. 

The me procedure was also applied to the separation of lipids in liver 
homogenates. 

MATi3BIALS AND METHODS 

HPTLC plates precoated with silica gel 60 without fluorescent indicator 
(10 X 20 cm; Merck, Darmstadt, G.F.R.) were used for nano-TLC. 

Chemicals 
All chemicals used were Merck analytical grade. 

Reference methods 
The sesuits obtained by HPTLC were compared with the following reference 

methods: enzymatic determination of cholesterol [9] ; enzymatic determina- 
tion of triacylglycerols; alkaline hydrolysis of triacylglycerols and enzymatic 
determination of glycerol; phosphatide-phosphorus determination (Biochemi- 
cal Test Combinations, from Boehringer, Mannheim, G.F.R.); cholesterol 
determination according to Liebermann-Burchard (Merck). 

Standard reference samples 
For standardization, commercial standard samples with known lipid con- 

centrations were used: Lipid-Trol (Dade Div. Amer. Hosp. Supply Corp., 
Miami, Fla., U.S.A.); Precilip (Boehringer). 

For fluorescence meacurement of the lipids separated by HPTLC, a Model 
KM 3 chromatogram spectrophotometer (Zeiss, Oberkochen, G.F.R,) equipped 
with a mercury lamp was used. Emi& on was recorded with a Servogor S 
r&x&r (Metrawatt, Nuremberg, G.F.R.). In a few cases, electronic integration 
was carried out with the Autolab System I (Spectraphysics, Santa Clara, C&f., 
US-A.). A Desaga Uvis lamp (Heideiberg,.G.F.R.) served for visual examination 

_ 
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of the chromatoplates at 366 nm. The enzymatic triacylglycerol determina- 
tions were carried -out on the LIB reaction rate analyzer (Copenhagen, Den- 
mark)- in donjunction with a Hewlett-Packard calculator (Loveland, Colo., 
U;S.A;); 

PrepcrrcTtion of the biological azmples 
Capiktty blood was collected in heparinized capillaries and centrifuged in 

an hematocrit centrifuge. The plasma samples not immediately used for lipid 
analysis were frozen in the capillaries. 

A 3% sample of &sh rat -liver was homogenized with purified sand in a 
mortar in the cold. The volume was made up to a total of 5 ml with Tris buffer, 
pH 7.4; 10 mmole/l. The homogenates were centrifuged for 10 min at 78 g 
and the supematants subjected to lipid analysis. 

Direct application of the samples 
The IIPTLC plates were purified overnight in solvent system I (see below); 

a longer purification period is not advisable. After evaporation of the solvents 
with a hair dryer, the plates were activated for 1 h at 110” _ A 15~1 volume of 
absolute methanol was applied by means of a micro-pipette. ‘co the silica gel 
layer 1.2 cm from the lower edge of the plate. As soon as the moisture was 
absorbed by the silica gel, 0.5 ~1 plasma or liver homogenate were applied on 
the methanol spot. A lo-& quantitative microlitre sample dispenser (Elevieh; 
Hamilton, Rena, Nev., U.S.A.) fitted with a disposable sample tip 1 l/8 in.; 
Corning, Palo Alto, Calif., U.S.A.) was used to apply the samples. The dispenser 
with the tip containing the sample, was held in an upright position and the 
sample was pushed out so that a drop hung on the tip; this known amount 
of the sample was then applied to the methanol spot (the tip was held- in 
position for 2 set). The dispenser was -then removed without releasing the 
piston. Immediately afterwards, the plasma spot was covered with a few ~1 
methanol. It is important that this second application of methanol does not 
exceed the diameter of the sample spot. The spots were then dried under a 
stream of cold air. A total of 14 samples could be applied to one KPTLC plate 
by this procedure. 

Sepamtion of lipids 
The chromatogram was developed in a saturated chamber in solvent system 

I (chloroform-methanol-water, 65:30:5). The solvent front was allowed to 
migrate a distance of 3.7 cm from. the lower edge of the plate (3.5 min). After 
evaporation of the solvents under .a stream of cold air, this first run was re- 
peated and the solvents were again evaporated. With solvent system II (n- 
hexane-diethyl eth -tic acid, .80:20:1.5) the neutral lipids were developed 
by migration _of the solvent front up to 1 cm from the top of theplate (20 min). 
The plates were dried under a stream of warm air for approximately 1 h until 
the odor of acetic acid could no longer be detecfxx& 
.. Solvenf system I was izsed for the development of a total of 4 plates, solvent 
system II for‘2 plates. . 

-_ : . . 
- 



Detection 
The method used was a slight modification of that described by Segura and 

Gotto [S] : the HPTLC plates were transferred to a sandwich chamber (l&saga, 
Heidelberg, G3.R.) containing (HIL)HC03 on the bottom; 0.5 g wereused 
for the development of 1 plate and 1.0 g for 24 plates. The plates were 
positioned 3 cm from the bottom, and the chamber (sealed with high vacuum 
grease) was placed in an oven and heated for 10 h at 150”. 

Fluorescence measurements 
The fluorescence of the lipid spots was scanned across the axis of develop- 

ment with the Model KM 3 chromatogram spectrophotometer (excitation at 
366 nm, emission at 430 run). The peak areas were taken as the product of 
peak height and the half-width of the peak. In a few cases, integration was 
carried out electronically with the Autolab System I. 

Standardization of the HH’LCprocedure 
Free and esterified cholesterol in the standard reference samples, Lipid- 

Trol and Precilip; were determined enzymatically [Q] . Triacylglycerols and 
phosphatidylcholine were obtained by preparative TLC [lo] and, after dis- 
solving the lipids in 1% Tween 80, the enzymatic determination of the triacyl- 
glycerols was carried out using the LKB reaction rate analyzer; the phosphati- 
dylcholine was asbed prier to phosphorus determination. 

Liver homogenates 
For reference analysis, cholesterol was obtained by preparative TLC and 

determined according to Liebermann-Burchard; the enzymatic determination 
was carried out in the homogenate. For triacylglycerol analysis, free and total 
glycerol in the homogenate were determined enzymatically. 

Comparison of HPTAC with reference methods 
The lipids of healthy subjects and of hyperlipidemic patients (newborns, 

children and ad&s) were analyzed by HPTLC and by reference methods. The 
phosphatidylcholine was estimated es described for the standard reference 
samples. The results were examined by linear-regression analysis. 

RESULTS AND DISCUSSION 

The separation of lipids after the direct application of serum or plasma to 
the silicagel layer usually gives poor results, due to the proteins in the sample 
[lx]. In the present study, the separation of the lipids after direct application 
of plasma samples to the HPTLC plate was sharp and reproducible (Fig. l), 
with coefficients of variation of the fluorescence measurements less than 2:8% 
for the lipids investigated (Table I). This precision of determination is consistent 
with data reported by Mlekuscb et al. 112,131 for the fluorometric determina- 

: tion of lipids preceded by lipid extraction. The relationship between peak 
area and the amount of lipid was found to be linear in the nmole range, cor- 
responding to the amount of lipid in 0.125-0.?5 ~1 Lipid-Trol (Fig. 2). In 
our experience, most of the lipid profiles to be determined in a clinical lab- 
oratory can be obtained using 0.5 ~1 plasma. 
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In order to StandzrdLze the HPTLC procedure, the lipid concentzations of 
gpid_Trol .md. Precjlip were eva$uated by reference q&hods. The- lipid con- 
centrations in Lipid-Trol served as standards on the HPTJX plates and Fre- 
ciIip was used for accuracy contro1. The recovery of the Precilip lipids on the 
?SPTLC plates was 96-100% of the reference values (Table 11). 

In order -to. gain insight into the responses of different types of plasma . 
samples, up to 93 samples from newborns, healthy adu&s and various types 

Fig. 1. separation of phsna lipids by H&?‘l%C (positions 1-7: 0.5 .d, positions S-14: 1 
PI Lipid-‘ihI)_ Viition of the lipids with iodine vapor. 

w 
A 0.66 I36 2.72 408 644 6_l6 nmol CE 

w 
0 0.4 018 IS 24 3.2 4.8 nmol PC 

* 
0 Qzsos1 1M 1.53 m4 3D6 nmol TG 

._ -c 
J -Q2sQ52 w4 256 2D8 3-12 nmol C 

Fig. 2. Celibration curves for chokterol esters (c&), phospbatidykholine (PC), t&x&- 
glyceroLs (TG), and chohterol (C). 
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The .lipids df ~pi&Trol were separated by =Ik &d --the p&c a,reas&& .&?c& 88 the 
~mduct of pea& height +nd halfwidth of the peak. Tb& co&fZ+t~ -of ksriaki?n (f$V.? 5%) 
were CalcnIated from 14 samples per HPTLC plate. : _ 

.- ./ -, 

Lipid Amount Peak- cm* Inmole C.V. 
(nmolekpot) (cm’ ) !%I :. 

ChOlesterOl .1.04 6.2&O.i3 S.Oi- - -L 2.1 
~Cb01estero1 esters 2.71 15.74kO.23 5.82 x5 
Triacylgly~ls 1.07 7.84*0.22 7.33 
Phosp!xatidylcholine 1.6 .8.7+10.2 

2.8 
5.4 2.3 -. 

STANDARDIZATION OF THE HPTLC PROCEDURE 

The lipids of Lipid-TroI and Precilip were analyzed using the refezence methods The values 
obtained for Lipid-‘&o1 served as standards and values of Precilip for. acckacy conttoL 
Both standard reference samples &se applied to each HPTLC plate. kf& V&Z& W- ob- 
&ined by analysis of ffie samples during 20 days. Numbers in parenthesis = coefficient of 
variation (%). 

Lipids @mole/l) Lipid-‘&o1 

Reference 
method 

Reference 
method 

I-IPTLC Recovery 
(S) 

-Cii01eS&1 2.08+0.10 (4.9) 0.87?0.08 (8,S) 0.87=0.07 (8.3) 160 
Cboksterol esters 5.41*0.12 (2.3) 2.89*0.10 (3.4) 2.81~0.12 (4.3) 97 
TkiXyIglylX?rOlS 2.14+0.08 (3.7) 0.84*0.03 (2.9) 0.81+0.03 (4.1) 
Phosphatidylcholine 3.2 *OS (3.2) -. 2.1 50.1 (4.8) “” 

TABLE III 

COMPARISON OF DATA OBTAINED FROM HUMAN SUBJECTS BY-REFERENCE 
METHODS AND HPTLC _ -- 

n = number of subjects investigated;P~= error of probability a&w&g to &est~ -.. 

Lipids 
(mmok/U 

Reference HPTLC P IL 
method 

ChOfesterol 1.48+0.50 
<Jholesterol esters 3.35i1.16 
Tciacylglycerols l-03* O-66 
PbosphatidyIch&ne 2.7 +0.6 

1.38-cO.51 <0.0005~: 83 
3.30*1.05 co.10 93 
1_05*0.68 <O.lO 69 
2.7 20.5 22 . . . : 
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~0938 
y=os7x -0.07 

CHOLESTEROL [mmm~l/l].enzymatic determinattao 

Fig. 3. Correlation between emymatically-determined cholesterol and HPTLC cholesterol 
(n = 83); see Table XII. 
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1 

1 

20 

/ 

Fig; 4.~Cornd.atian between.enzyma tidy-determiaed. cholederol esters and HPFLC chol- 
ester01 e&e~ (n = 93); see Table III. 
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Fig. 7. vii examination of lipid profiks of hathi subjects and different patients, corn- 
pared with known lipid amounts in Lipid-T@. me c wnding quantitative values are 
listed in Table ?IV. 

of hyperlipidemic patients were ankyzed by HPTLC and the results compared 
with those obtained using reference methods (Table III). The values obtained 
for cholesterol esters, triacylglycerols and phosphatidylcholine were identical. 
The HPTLC values for free cholesterol were 7% lower than those found by 

‘enzymatic determination. This result is possibly due to different fluorescent 
properties of sfzrols other than cholesterol present in the plasma, eg. plant 
sterols. Linear-regression analysis of these data indicated good conelation 
between the reference methods and HPTLC for the lipids inve,&ig&d (Figs. 
3-q. 

The lipid patterns of healthy subjects and various patients are presented in 
Fig. 7. By comparisons with the known lipid concentrations in Lipid-W1 

DETERMINATION OF LIPIDS WITH REFERENCE M&THODS 

For visual ernmination,. the lipids of 10 human subjects were separated by HPTLC and 
compared $th known amounts of lipid in Lipid-‘ikoi (see Fig. 7). The corresponding quan- 
titative vakes (mmole/l) an? listed here. (HT.&? = hyperlipoproteinemia.) 

Position nWof cholesterol Esters Cholesterol T&i&- Phosphatidyl- 
OXiHPTLC plasma sample glycerols choline 
Plate 

1 
2 
3 
4- 
5 
6 

'7 
8 
9 

10. 
11 
12 
13 

2.70 1.04 
6.41 -2.08 

10.82. 4.16 
17.3 5.4 
8.37 1.91 
8.6s 2.53 
8.94 2.97 
4.48 1.81 
0.64 3.44 
3.27 l-.29 
4.01 1.55. 
3.80 1.66 
4.28 1.32 

1.07 2.14 E 
4.28 614 
2.46 - 
0.85 .: 2.7 
2.52 
7.36 Z 
1.19 .2.8 
0.85 - 
0.43 2.2 
0.58 2.7 
0.92 2.8 . 
0.92 2.5 
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Fig. 8. Lipids of a liver homogenate (positions 2, 3). compared with Lipids-Trol (position 
1). 

pr;esent as standard on the HPTLC plate (positions l-3), semi-quantitation of 
the lipids was possible. The values obtained by visual examination of the 
chromatoplate were in good agreement with data obtained by the reference 
methods (Table IV). One child (position 9) with lJver disease associated with a 
severe &Aerus had practically no cholesterol esters, but had an increased free 
cholesterol content, reflecting the reduced lecithin-cholesterol acyltrans- 
ferase activity found in liver parenchymatous damage ]14,15]. 

In order to ascertain whether this procedure can also be applied to lipid 
determinations of homogenized tissues, 0.5 ~1 of a liver homogenate were 
applied directly to the HPTLC plate and treated in the same manner as the 
plasma samples. As shown in Fig. 8, the separation of the lipids was as good 
as in ‘he plasma samples. The coefficients of variation in the series (n = 10) 

ABLEV 

IPID DETERMTNATION IN LIVER HOMOGENATES 

iver samples -%m 6 rats were homogenized. For the Liebermann- Ewchard reaction, cholester 
as obtained by preparative TLC- All enzymatic determinations were &ed out on the horn 
z&e. The data were examined by paired t-test statistics and linear -regre&on analysis. 

ipids Procedure 
mole/g liver) Liebem- Enzymatic HLTLC Fhzymatic: -HPTLc 

Burcbard 
P y=bx+a r 

holesterol 4.10*0.65 3_9oi 0.45 4.a520.75 <0.0005 l&i - 0.16 0.866 
rifxyIglyceroIs - 8.00*1.90 7.8Oe2.55 kO.30 1.28x - 0.49 0.959 
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were 3.3% for cholesterol and 5.7% for triacylglycerols. The concentrations of 
kiacylglycerols and &ee cholesterol in Ever homogenates from 6 rates were 
determined using the reference methods and HPTLC (Table V).- The results 
obtained with the reference methods w&e consistent with data found by 
column chromatographic separation of lipids from rat liver [IS]. Cholesterol 
values obtained with HPTLC were 24% higher than those found: by enzymatic 
determination or the Liebermann-Burchard method. This difference was 
highly significant and the data showed relatively poor correlation (r = 0.866). 
These HPTLC values presum ably reflect the existence in the liver of sterols 

with different fluorescence properties and/or the existence of sterols not 
detected by the reference -methods. However, the relative measurement of 
liver sterols by HPTLC seems to be possible. The enzymatic and the HPTLC 
determination of triacylglycerols gave identical results and good correlation 
(r = 0.959). The results, although obtained from only 6 rat livers, suggest 
that at least the liver triacylglycerols can be estimated with satisfactory ac- 
curacy using the direct HPTLC procedure. Because of the very small quantity 
of tissue required, this method may be suitable for lipid analysis in tissue- 
biopsy material. 

CONCLUSIONS. 

With the procedure described in this report, the pJ.asma lipids of 0~5~1 
samples of capillary blood can be quantitated in the nmole range witbout 
lipid extraction prior to HPTLC. This makes the method suitable for routine 
analysis and large-scale studies. 

Liver homogenates can be analyzed by the same procedure. This makes it 
suitable for rapid lipid determination on small amounts of biopsy material. 
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