
. ..-. 

Joumd of Chmnufogmphy. 143 (1977) 153-160 
Rrhtzedicd Appl&diom 
0 ELsevies Scientific Publishing Company, Amsterdam -Printed in The Netberkuuis 

CHEtQMBEO. 026 

QUANTITA’FiVE ANALYSIS OF MUNgAN SERUM CHOLESTEROL BY 
THIN-LAYER CHROMAT’OGRAPHIC SPOT TEST 

FRANK PETER end RICHARD G. REYNOLDS 

Public Eiea&Ft Labomfmies, Ontario &X&y of Heal&. Tomnto. CMario (Cam&} 

(First received June 2lst, 1976; revised manuscript received September 3Otb. 1976) 

A fast, inexpensive, simple method is described for the determination of the toti choles- 
terol concentration in human serum. The choksteroIs (free and esterified) are estrzcted 
from serum by 8 double extraction procedure, using &propanoi-w&eslO -nF sodium 
hydroxide (250:125:10) and then ztscme. An aliquot of the octsne eztzact is spotted on 
a thin-layer plate and the cholesterol in be spot in rendered visible u.Grxg an aqueous phos- 
phomolybdic acid staining soIutioa and a heat treatment for the color development. The 
colored spot is scanned with a densitometer. 

iHTRODUCTiON 

The significance of the cholesterol level in serum, due to its presumed rela- 
tionship to ath~osckrosis and other czdiovaxlar diseases, &ad to the devel- 
opment of mzmerous laboratory k&s for its qu~tit&ive deknnina~ion. 
bong other methods, th*k-layer chrom&o’&mphy (TLC) has also been applied 
for the analysis. In the direct method [l--7], chobstaol and its esters are 
separated from the o’&er serum lipids on a silica gel coated thin-layer plate, the 
chromatogram is stained end the bands are _med. In the iudirect method 
[8-I@], th sepmt& chohsterol &x&ions are eMed fmm the silica gel and 
are quzmtitated by some eolaventional method. Both methods bawe their park- 
alar drawbacks: the direct method lacks the necessary precision and the in- 
d&e& method is r&her tedious. Both methods have 2~2 ad&tional common 
drawback: the free and the esterSed chole&e.roL ftacticbns sepa&e into two 
distinct bands and therefore both bands should be quanti9akd if the total 
chotesterot is to be detaznined. 

The netimd described bekw -its the separation of the cholesterol and 
ies esters from the ather lipids by ‘a double extraction, using a combination of 
8Ik&xe isoproparrd1 and rz-o&axe, The octane exfxa& is then appGX% to a thin- 
GWCZ pkk for the qua&iWive measurement of the tit84 choksterol, 



Five hundred ~1 of the isopropa~ol-water-10 iV sodium hydroxide mixture 
(250:125:10) are pipetted into a 12 X 75 mm glass b&z. Twenty-five ~1 of 
serum are added to the tube and the contents are mixed on aVortex-typemixer 
for 15 sek. After 2 min, 200 ~1 of n-octane are added znd the contexts are 
mixed again on a Vortex mixer for 30 ssc_ Octane sepa&es from the lower 
isopropanol-water-sodium hydroxide mixture in 1 min. Ten ~1 of the upper 
octane phase se dispensed onto a 5 X 10 cm silica gel 68 coated glass plate 
with a 1Oql Eppendorf pipet. The octane forms a round spot on the plate with 
a diameter of about 10 mm. The spot dries in air in ahout 1 mm, after which 
the plate is immersed in a &aining solution. The &aining solution is composed 
of 15 g of phosphomolybdic acid and 10 ml of perchloric acid dissolved in a 
mixture of 90 ml of water and 100 ml of ethanol. After the air bubbles have 
escaped (10 set), the plate is taken out of the solution and blotted with a paper 
towel. The d&d plate is placed in front of a forc& air heater for 5 min at a 
distance at which the temperature does not exceed 50”. During the heat treat- 
ment the spot turns blue while the rest of the plate shows a pale yellow back- 
ground. The color intensity of the spot is determined with a singk-beam photo- 
densitometer (Quick Scan; Helena Labs., Beaumont, Texas, U.S.A.). The spots 
are scanned and the readings are evaluated from a calibration curve. For the 
preparation of the calibration curve, solutions of 1, 2, 3, and 4 mg/ml choles- 
hoi in isopropanol are prepar&. The color of the spot and its intensity are 
stable for at least 1 h. To increase the sensitivity a 645~pm filter is used for 
the scanning. 

RESULTS 

The standard curve prepared from the spots of l-4 mg/ml cholesterol 
soluticns is shown i.a Fig. 1. The scanned values are the mean values of ten 
replicate measurements. The relative standard deviation (RSD) v&es are at 
1 m&nk 8.72, at 2 mg/ml: 7.95& at 3 mg/ml: 8.6%, and at 4 mglml: 9.6%. 
The mean RSD is 8.7%. 

Twenty serum specimens were a,nalyzed by the conventional Liebermann- 
Burchard calorimetric method and by the micro-spot method, respect%zly. 
The scatter diagram is shown in Fig. 2. 

It shows how well the Ecanning values compares with the Liebermann- 
Burchard test. 

DISCUSSION 

The color-producing :eacti& is not speeifie for cholesterol. Since the other 
lipid components of the SENT (triglycerides, free fatty acids, phospholipids) 
&o produce the same color, cholesterol must first he separat@ frqm these 
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&tane extraction of this mktuIe achieves the separation of free and e&r- 
Sied cholesterol from the other components, since only the cholesterol com- 
pounds are soluble in the apolar solvent. Octane separates rapidly from the 
aqueous isopropanolic phase, which contains aU the other compounds pres- 
ent after the hydrolysis, 

The effect of the alkaline treatment and of the octane extraction can be 
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Fig. 2. Comparison of total serum ckolesteml values obtained by the TLC-t metkd aad 
the Liebermann-BW test. 



followed by TLC. Fig. 3 shows the composition of a conventional isopropan- 
olic extnct. Starting from the round shaped spot reading upwards, the chro- 
matogram shows the five main lipid chxsses of serum; phospholipids, free 
cholesterol, free fatty acids, trigiycerides, and cholesterol esters. 

This chroma~ has been preparecj from the extract of a pooled serum. 
Five hundred ,uI of isopropanol and 25 ~1 of serum were mixed on & Vortex 
mixer for 5 set and the precipitated protein Was separated by centrifugation. 
A lo-~1 diqxot of the supernatant was applied to the TLC plate. 

Two solvent mixtures were used for the separation. The development in the 
first mixfxre moved alI the Iipids except the phospholipids to the solvent 
front, concentrating them into a thin line 1 cm above the starting point. This 

Pig. 3. amrontognun of the isoprop8noEc ertract Of 8 pooled serWX2. 



separation took 1 min. This made it possible to perform a fast and easy separa- 
tion with the second &vent, for a 2cm distzmce in 4 min. After it was r-s 

moved from the first solvent, the @ate was air dried and returned to the second 
solvent. This separated the four other lipids into distinct bands. The first sol- 
vent system contained methmo~-chloroform-gIacid acetic acid-water (50: 
50:5:5). The s‘econd s&&~t s$steti coMAed oflightpetroleum (b.p. 20-40” I- 
&ethyl ethe~lacial acetic acid (80:20:1). 

Fig. 4 shows the effect of the octane extraction when there is no alkali 
puxent in the isopropanol. Twent@ve ~1 of the serum were added to 500 ~1 
of isopropanol and the mixture was agitated for 15 sec. TWO hundred yl 
ockzne were added and the contents were mixed on a Vortex again for 30 sec. 

Fig. 4. Ckromabgmm of the actme extra&aft&e tsapropanoticsa~ution ofsertnm Lipids. 



159 

After the two phases separated (2 min), 10 flL1 of the upper octane phase were 
applied to a TLC plate. The same two-step separation was carried out on the 
plate with the first and then with the second solvent system as before. The 
chromatogram shows that, &hou& the o&me extraction elinkiztes both the 
phospholipids and the free fatty aci& (the two polar lipid species) in the 
absence of a&&, triglycerides ere stiJ.l present in the ocfzme in zddition to the 
choieskerols. 

Fig. 5 shows the effect of alkali in the eliknation of kiglycericks. The al- 
kaline isopropvlok extra&in& solvent hydrolyzed the triglycerides in 2 min 
and split them into free fatty acids and g!yce.rol. Both the neUralbed fatty 

solutia 



acids and the glycerd mnained in the isopmpanolic phase after the o&ine 
13&2,&on, as izMk&ed in the chromatograxn, which now shows the b8nds of 
&ee aud ester&d ChOlesteroI and 8 vezy f&It band represenm = insignif- 
icmt amount of unhydrolyzed kii&ycepide. 

The advantage of the method is that it eli.nGmtes the need for separation 
of the lipids on the plate and the spots se much more unifurm~y stained. 
The.refore, the densitometic readings are much more reproducible and the 
rest&s mm2 eeliable. The determination is rapid. It takes less than PO miu, 
including the evaluation and can be carried out with common laboratory 
equipment. It is reMixely inexpensive and suitable for handling a large num- 
her of specimens, and thus can he used for screening purposes. If a semiquan- 
titative evaluation is sufficient, the intensity of the blue color cau be com- 
pared with the coior iuteusity of a reference spot (e.g. an extract of a 2.5 mg/ 
ml chokterol solution) to determine whether the unknown spot has a higher 
or lower concentration than the reference spot. 
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