
Joatrml of Clrvo~nalo~vapiry, 78 (1973) 133-138 

@ IZlsovicr Scientific Publishing Compnny, Amstcrclam - Printccl in The Ncthorlnncls 

CHROLL. 6510 

,QUANTITATIVE THIN-LAYER-GAS-LIQUID CI-IRO’MATOGRAPHY 

*OF HUMAN BLOOD TRIGLYCERIDES 

A technique for the quantitative recovery of triglycerides separated on im- 
pregnated and non-iml>regnatecl layers of silica gel, based on the principle of dry 
column chromatography, has been developed. 

By using this technique, we analyscd triglyceride fractions obtained from human 
blood plasma and erythrocyte lipids. Triglycerides were isolated by column chro- 
matography and by thin-layer chromatography. Further separation according to 
their degree of unsaturation was achieved on a layer of silica gel impregnated with 
3 y:, of silver nitrate. All of the separated fractions were quantified by the hydrosamic 
acid method, analysed by gas-liquid chromatography according to their carbon 
number and converted into their methyl esters with sodium methoxide. The fatty 
acid compositions of all of the separated fractions were determined by quantitative 
gas-liquid chromatography. 

J?:‘l’RODUCTION 

Studies of the structure and metabolism of triglycerides require more detailed 
information than it is possible to obtain by the usual triglyceride fatty acid analysis. 
We can obtain very important data about the molecular weight distribution of 
a sample by gas-liquid chromatography (GLC) of the intact triglycerides. Although 
this tvpe of analysis was described several years agol-0, it has not found wide ap- 
plication. In x972, WATTS cl at.7 published a paper on the clinical application of 
direct gas chromatographic (GC) triglyceride analysis. The object of investigations 
on human blood lipids carried out in our laboratory was to demonstrate the 
presence of triglycerides in crythrocyte lipids. By GC analysis, differences in the 
composition of erythrocyte triglycerides were observed in healthy subjects in com- 
parison with patients suffering from arteriosclerosis, At this stage of our study, it 
was necessary to establish whether the erythrocyte triglyceride is not of artificial 
plasmatic origin, as is believed by certain workers *ID. For this reason, a decision was 
made to fractionate triglycerides of the plasma and of erythrocytes of the same 
person under study, according to the degree of unsaturation, on a thin layer of silica 
gel impregnated with silver nitrate. 

l Director: Rrof, M, PUEfK, M.D, 
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In order to analyze by GC the fractionated triglycerides thus obtained, it 
was necessary to And, first of all, a method that permits the quantitative recovery 
of even leery small amounts of triglycerides separated by thin-layer chromatography 
(TLC). 

Previously described extraction methodsf+l~ for the quantitative rccovexy 
of non-polar lipids separated by TLC were checked using as the standard pure 
triolein (Applied Science Laboratories) at several concentrations, The recovery was 
measured calorimetrically by the hydroxamic acid method against sample that 
had not been applied to the plate. The results obtained with several types of es- 
traction mixtures and techniques, shown in Table I, were not satisfactory. 

RECOVBRIBS OBTAINElI BY ESTRACTION I’ROClZDURES WITH DIPBIERENT SOLVENT SYSTEMS 

All values arc pcrccntngcs of the originnlly sl~ottecl sample. 
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‘b Solvent spstcms: I = 
(r:g); III = 

nlcth~~llol-tlictll~l cthcr (I : 9,) ; II = methanol-light pctrolcum 
rllcthanol-clicthvl cthcr (I : 9) with ro-cstrwtion with pure clicthpl cthcs after nciclifi- 

CittiOll with X0% I-ICI. 

We therefore tried to improve the elution of the separated triglycerides by 
a modified technique of dry column chromatography. Material scraped .from the 
plate was poured into a glass column of internal dimensions S x 400 mm, at the 
lower end of which was a glass-wool plug covering a d-cm layer of Florisil-silica 
gel (I : I, w/w). Lipids were eluted with 50 ml of several different solvents and solvent 
mistures. The best results were obtained with chloroform or light petroleum-diethyl 
ether (I : I) for layers that were not sprayed with diclllorofluorescein. 

Great ‘differences were observed between the recoveries of triglycerides made 
visible with dichlorofluorescein and with Silica Gel HI; 2BQc3n,, (Merck), as demonstrated 
in Table II. 

A mixture of 20 0/o of methanol in chloroform gives quantitative results for 
layers sprayed with dichlorofluorescein and for impregnated layers, In this instance, 
the eluted triglycerides have to be re-extracted after the evaporation of the solvents 
three times with s-ml portions of light petroleum, 

The metllod has been used in a clinical study of human blood triglycerides. 
Lipids from plasma and erythrocytes were extracted by the modified methods of 
FOLCH cl n1,13 and \YAYS AXD HAXAFIAX~~. We obtained the triglyceride fraction 
from plasma lipids by TLC and from erythrocyte’lipids ,,bya combination of column 
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DIFPEHl%NCES 13ETWEPN RECOVI~IUES OF TI~ICiLYC&IIIlJI~S OUTAINBI1 PROM SPRAYED AND NON- 

YPI~hYEI~ LAYBRS 

--_ _ 

A worlrat of Solvcnt~~ 
S(JlliplC 
(/lJ~ro/cs) I II 111 

n b n b u b 

1’ Solvcnte: I = chloroform; II = light pctrolcum-dicthyl cthcr (I : I) ; ILI = cliethyl ether. 
a = Without sprclying (SUbStiWlC~S wcrc mnclc visible by using a fluorcsccncu inclicator in Silica 
Gel WFgn4+3eo, Mcrclc); lo = with spraying with 0.2% of clichlorolluorcsccin in ethanol. 

chromatography and TLC, Triglycerides were further fractionated according to the 
degree of unsaturation on a thin layer of silica gel impregnated with 3 “/0 of silver 
nitrate. 

Quantitative GLC of all of the separated triglyceride fractions was performed 
under the usual conditions on a Go-cm column packed with 3 Y0 OV-x on Gas-Chrom Q, 
IOO-IZO mesh. After the GLC analysis, the triglyceride fractions were quantified by 
the hydrosamic acid method and converted into their methyl esters with sodium 
methoside, The fatty acid compositions of the individual triglyceride fractions 
were then determined by quantitative GLC. All of the quantitative data were sub- 
jected to computer analysis, as previously describedIG. 

RESULTS 

The triglycerides of human blood serum and erythrocytes were analyzed by 
the method described. The quantitative composition of the different fractions iso- 
lated after separation according to tllc total number of double bonds in the molecule 
of the triglyceride is shown in Table III. In erythrocyte triglycerides, a relatively 

QUANTITATIVE COMPOSITION OF HUMAN ULOOIJ TI~ICLYClZltIDBS ACCOIZDING TO TFIBIR DEGREI5 OF 

UNSATIJRATION 

T~~glyccvidc fvnction~ 
(% of total tviglyceridcs) 

Plnsmn 4.8 22.0 4203 30.8 
Erytlirocytcs 14.0 20,2 42.8 24.0 

b Frnctioris: I = antwttcd triglyccriclcs (correspond to n 3 0) ; IE r= nlonocnoic triglyc- 
criclcsb (corrcsponcl to a = I) : In = 

triglyccridcs (corrcapond to $8 = 3), 
clwrioic triglyccriclcs fcorrcsponcl to n = 2) : IV 3 polycnoic 

b I%ction II is probnbly not ptirc. 
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Fig. 1, l~riwtionation of human blood triglyccriclcs nccortling to their dcyrcc of rtnsnturation. 
Pcalts arc iclcntificcl by the Carbon number (the number of crrrbon atoms in the fatty ncicl moictics 
of the triglyccriclc molcculc). 

Cnvbon. nrwrbcv 40 42 ++ 46 qS 50 52 54 56 58 
Peals wrnbev I 1 3 4 5 G 7 8 9 IO 

n corresponds to the number of double boncls (cxccpt for fraction it = I, which is probably not 
pure, as indicator1 by its fatty acicl composition listed in Tnblc V). 

COhlPOSITION OF TRIGLYCIERIDE PItACTIONS ACCORDING TO TllBlR CARRON NULIDER 

All vnlrws lietccl m-0 in yO (w/w). 

Carbon Frnclionn 
,..“,,.V”, 

r II IJT IV 

P’J BC P 0 P E P E 
-.-. 

40 
42 
44 
4.5 
40 
47 
48 
50 

52 
54 

Trace Trncc - - - - - 
24 6.28 - Trace - - - 

07 9*97 1.51 5.29 - - - 
0.99 4-11 - Trace - - - 

15*9.l 17#39 3474 r3.Go *rrktcc SoI1 - - 
1.17 6.22 - 4.59 - Trncc - - 

37.20 r&G3 20~42 r4.1G 3.95 8,04 
28.30 

I-35 Trace 
17.45 52.50 27.80 19.69 z&7.1 5.92 

9.02 J5015 
Trace 

21,7G 

2.57 

30.00 71.80 5o,9o 34020 
4#75 - ‘rmce 4.39 4.47 9.21 

$*Z 
- - - Trncc 4:‘:; 

- - Tr;tcc 

T&cc 

- 

a Designation of fractions ns In Tsbla III. 
bl? 
OE 

= plasma triglyccridcs, 
= crytlirocytc triglyccridcs, 
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high content of saturated fraction I and a low content of polycnoic fraction IV are 
interesting in comparison with the composition of plasma triglycerides. The molecular 
compositions of the individual fractions of both types of triglycerides studied, ob- 
tained by GC, are shown in Fig. I. 

Quantitative analyses from l?ig. I are presented in Table IV. 
The fatty acid composition of the individual fractions, which is also the criterion 

of purity of these fractions, was studied again by quantitative GC of the methyl 
esters of fatty acids obtained by transesterification of the individual triglyceride 
fractions. The results of the analyses are given in Table V. ,. 
a 

PhTw ACID COX1POsITION OP INDIVIDUAL TIUGLYCBWDE FIMCTIONS 

All valucn in “/ (w/w). 

1z:o 

I+:0 

15:od 
rij:o 
16:1 
17:d 
r7:r 
18:o 
18:1 
IN:2 
18:3 
20:o 

20:2 

20:3 
20:4 

- 
- 
- 

Trncc 
2.7s 
6.45 

41.37 
- 

g. 10 
- 

40.32 
- 
- 
- 
- 
- 

- 
- 
'rrwx 

'Lg.21 

I.JO 

Trim 
l’racc 
21.13 
4S.S” 
- 
- 
- 
- 
- 
- 

- - 
Triwc 1.9J 

2.23 *rI tLce 
21.41 20.93 

4-12 0.00 

5.76 *mLcc 
3.86 Trncc 

22.88 2.98 
39sG9 62.10 
- ‘rr;~cc 
- - 

- 

lhcc 
‘lhco 

2.59 
25,IG 

8.46 

z::: 
9.19 

4N.40 
Tritce 

- 
- 

- 
Trncc 
Trncc 
13.35 

3.48 
Trmc 
Trncc 

5.0s 
37.80 
22.40 

3.93 
2.0s 

I.91 

Trncc 
9.82 

_ 

‘lhC0 

0.78 
a.09 

13,32 

4JJ3 
3.81 
2.92 
9.59 

35.40 
20.97 
Trace 

4.50 
- 
- 

Is9.5 

n DcSiglli~ti0ll of frnctiorie ns in T;rLlc UT. 
1) 1’ = plasmi~ triglpcriclcs. 
0 tS = crvtlwocptc triylyccriclce. 
I* Xnclutlii~g br;~llcllccl-cllairl scicls with corrcspontling number of carbon ntoms. 

The knowledge of the fatty acid composition of individual triglyceride fractions 
makes it possible to determine the main molecular types of triglycerides and to 
calculate their relative proportions. 

T11c fatty acid compositions of triglyceride fractions of plasma and crythrocytes 
are similar, but different proportions of tile individual molecular types must be 
assumed. All of these findings are indicative of different origins of plasma and erythro- 
cyte triglycerides and support the hypothesis of the esistence of trace amounts 
of triglycericlcs in the erythrocytc lipids. 

From tile present analytical study, it is not yet possible to determine the role 
played by these substances in erythrocyte metabolism. 
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