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SUMMARY 

The experimental condltlons have been optimized for high-performance liquid chromato- 
graphic determmatlon of phosphatldylethanolamme (PE), phosphatldylchohne (PC) and sphm- 
gomyelm (SM) m serum The phosphohplds are separated on a slhca gel column, usmg a mobile 
phase of acetomtnle-methanol-water (100 10 18, v/v), with ultraviolet photometric detectlon 
at 200 nm The hmlt of detection was 0 2 pg (m 20 ~1) for natural phosphohplds and 2 5 pg for 
synthetic phosphohplds, the relative standard deviation was ca 5% An alternative detection 1s 
tensammetry at a mercury electrode, at a potential of - 1 8 V, with an a c current frequency of 60 
Hz and an amphtude of 20 mV The tensammetrlc detection has an advantage m Its mdependence 
of the structure of the phosphohplds In measurements without a column (flow-mJectlon analy- 
SIS), the tensammetrlc detectlon also yields a somewhat lower hmlt of detection than photometry 
(0 15 pg per 20 ~1)) but this value increases more than ten times m chromatographlc detection 
The preclslon 1s poorer and IS more susceptible to mterferences The method was applied to the 
determmatlon of the above substances m the blood of obese children, as a function of physical 
stress and spa treatment It was shown that physlcal exercise causes a decrease m the contents of 
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PE and PC m the patients On the other hand, the spa treatment has no pronounced effect on the 
phosphohpld content m the blood 

INTRODUCTION 

The analysis of serum lipids is of considerable interest m biology and med- 
icine and often represents a formidable task for the analyst [l] It is usually 
necessary to separate the sample into classes of lipids and only then to resolve 
and identify the mlvidual components The apphcation of gas chromato- 
graphy (GC ) for this purpose is comphcated by the high polarity of hpids and 
thus thin-layer chromatography (TLC) has been primarily used for routme 
analyses, however, the latter method suffers from a poorer reproducibility The 
combmation of TLC with GC has been found to give good results [ 2 ] Recently, 
high-performance liquid chromatography (HPLC ) has gamed importance in 
this field [ 31 

Polar stationary phases are required for the HPLC separation of lipids into 
classes Silica gel has been primarily used (see, e g , refs 4-6)) but the apph- 
cation of dial-modified [ 71 and NH,-modified [8] phases and chemically 
bonded ion exchangers [9] has also been described Non-polar, e.g., octade- 
cylsilane, phases require derivatization of the analytes for class separation [lo] 
but can be used for direct separation within a class [ 11,121 

Direct detection of lipids separated by HPLC is difficult, as they absorb 
radiation only at low wavelengths (195-215 nm), with low absorption coeffi- 
cients, this necessitates the use of high-quahtyphotometric detectors and care- 
ful selection of high-purity solvents A refractive mdex detector can be used 
[ 6,121, but its sensitivity is poor. Flame iomzation detection [ 111 and infrared 
absorption detection [ 131 have hmited apphcation Liquid chromatography- 
mass spectrometry (LC-MS) yields good results [ 141, but is costly Some 
classes of hpids can be converted into derivatives that strongly absorb UV 
radiation [ 151 or fluoresce [ 161, but these methods suffer from the well known 
drawbacks of derivatization procedures 

The present paper describes results obtained m connection with a cluucal 
study of metabolism in obese children It was required to monitor the contents 
of some phosphohpids, namely phosphatldylethanolamme, phosphatidylcho- 
lure and sphingomyelm, m blood, as a function of physical stress and the diet 
We have optimized a separation system with sihca gel as the stationary phase, 
using direct UV photometric detection In an effort to develop an alternative 
method of detection, we tested tensammetric measurement which has not yet 
been employed m the detection of lipids 
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EXPERIMENTAL 

Apparatus 
The Gilson gradient analytical system (Vilhers-le-Bel, France) was used for 

chromatographic measurements m the isocratic mode The samples were m- 
Jetted by a Rheodyne Model 7125 valve with a 20-~1 loop A Separon SGX 
glass column, 150 mmx 3.3 mm I.D., packed with sihca gel, 5 pm (Tessek, 
Prague, Czechoslovakia), was employed 

The UV detection was carried out at 200 nm. The measurements were per- 
formed at laboratory temperature, at mobile phase flow-rates of 0 5 and 0 8 ml 
mm-l 

Tensammetric detection on a mercury electrode was studied using an EDLC 
detector with a static mercury drop electrode (Laboratorni PristroJe, Prague, 
Czechoslovakia) and an OH-105 a.c polarograph (Radelkis, Budapest, Hun- 
gary) The electrode potentials are referred to a saturated Ag/AgCl reference 
electrode The a.c frequency was 60 Hz and the voltage peak-to-peak amph- 
tude was 20 mV For tensammetric measurements the mobile phase was deaer- 
ated by passage of helium 

Chemtcals 
The standard substances of 3-sn-phosphatidylcholme (PC), 3-sn-phospha- 

tidylethanolamme (PE), 3-sn-phosphatidylserme (PS), N-acyl-4-sphm- 
genyl-l-O-phosphochohne (sphingomyelin, SM), 1-palmitoyl-rue-glycero-3- 
phosphochohne (LPC), 1-palmitoyl-rat-glycero-2-phosphoethanolamme 
(LPE) and 1,2-&myristoyl-sn-glycero-3-phosphocholme were obtamed from 
Serva (Heidelberg, F R G. ) Acetomtrile (HPLC grade) was supphed by Ald- 
rich (Milwaukee, WI, U.S A ) and methanol and chloroform (reagent grade) 
were supphed by Lachema (Brno, Czechoslovakia) The chloroform was dried 
and purified by rectification All other substances were reagent-grade products 
from Lachema 

Sample preparatmn 
A procedure common in analyses of hpids [ 171 was employed for the sample 

treatment. The serum obtained from the whole blood samples was immediately 
frozen to -20°C. Prior to analysis, 2 ml of the serum were mixed with 20 ml 
of the fresh extraction mixture, chloroform-methanol (2 1, v/v> and vigor- 
ously shaken for 20 mm. The mixture was then filtered, the liquid transferred 
to a separatory funnel and the filter washed with three 4-ml portions of the 
extraction mixture, the washmgs were added to the filtrate m the funnel To 
the filtrate, 7 ml of a 5% aqueous solution of sodmm chloride were added and 
the mixture allowed to stand for 3 h at laboratory temperature To speed up 
the phase separation, centrifugation can be used The bottom layer was trans- 
ferred to a flask, another 10 ml of the extraction mixture were added to the 
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upper layer remammg m the funnel, allowed to stand for 1 h, the bottom layer 
was added to the contents of the flask and, finally, the solution of the lipids m 
the flask was evaporated to dryness at 6O”C, under a stream of nitrogen 

The dry lipid sample thus obtained was dissolved m 0 5 ml of chloroform. 
The solution was applied to a precoated Merck plate (sihca gel H + HF254+366, 
1 1, w/w, 250 ym) that was preactivated for 30 mm at 100°C The plate was 
developed with n-heptane-dlethyl ether-acetic acid (85 15 1, v/v) and the 
phosphohprd spot detected by UV fluorescence was mechamcally removed and 
transferred to a column contammg 1 ml of Florosil (60-100 mesh)-sihca gel 
(70/325) (Merck, Darmstadt, F R G.) (1 1, w/w). The phosphohpids were 
eluted by three 2-ml portions of chloroform-methanol (1 1, v/v) and the eluate 
was evaporated to dryness at 60 o C under a stream of nitrogen The residue 
was dissolved m 5 ml of methanol and an ahquot was inJected mto the HPLC 
system 

RESULTS AND DISCUSSION 

Separatron 
Two mobile phases have been recommended for the separation of phospho- 

hpids on silica gel and UV photometric detection, a mixture of hexane-isopro- 
panol-water [ 4,181 and acetomtrile-methanol-water [ 5,7,9] As the former 
mixture led to slow separations, we selected the latter combmation of solvents 
and optimized the composition for the column used The optimum mobile phase 
was found to be acetomtrile-methanol-water (100 10 18, v/v) An example 
of the separation of the phosphohpid standards under these conditions is given 
m Fig 1 and the correspondmg capacity factors are listed m Table I With 
mcreasmg content of water the capacity factors generally decrease and the 
peaks become sharper 

The mdividual classes of phosphohpids are adequately resolved, lysophos- 
phohpids are always eluted after the corresponding diacylphosphohpids Neu- 
tral hpids, such as triglycerides, cholesterol and cholesterol ester, are always 
eluted with the solvent front m strongly tailmg peaks If they are present at 
high concentrations, the peak tails interfere m the determmation of phospho- 
lipids, this is the case m analyses of blood and thus it is necessary to remove 
them from the sample (see the TLC procedure m Experimental) The sepa- 
ration of PS from the solvent front can probably be improved by gradient elu- 
tion, however, as the UV photometric detection requires the use of an ex- 
tremely low wavelength, gradient elution brings serious problems and thus was 
not attempted m this work The differences m the resolution of PC and SM m 
Figs 1 and 2 are probably caused by differences m the fatty acid composrtron 
between the standards and the samples We drd not determine this composi- 
tion, as we felt rt unimportant for the present analysis 

Under the separation conditions used, PC and SM yield two peaks, corre- 
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Fig 1 Chromatogram of a murture of phosphohpld standards Peaks 1 =PS (4 2 ,ug), 2= PE 
(6lyg),3=LPE (25pg),4and5=PC (3 lpg),6=SM (63pg),7=LPC (3Opg) Stationary 
phase Separon SGX 5 pm Mobile phase acetomtrlle-methanol-water (100 10 18) Flow-rate 
0 8 ml mm-l UV photometric detection at 200 nm 

TABLE I 

CAPACITY FACTORS OF PHOSPHOLIPIDS 

For the experimental condltlons see Fig 1 The values m parentheses correspond to the extra 
peaks due to separation within the class 

Phosphohpld Capacity factor 

PS 05 
PE 20 
LPE 42 
PC 88 (10 1) 
SM 14 0 (16 7) 
LPC 19 7 

spondmg to fractions of different molecular weights (Fig 1, see also the chro- 
matogram of a blood sample m Fig 2) The peaks precedmg peak 1 in Fig 2 
correspond to the residue of neutral lipids, as the TLC procedures never re- 
move neutral hplds quantltatlvely 

Detectmn 

The sensltlvlty of the UV photometric detection increases with decreasing 
wavelength, as the absorption maxima of the analytes are located below 200 
nm However, the solvents used do not permit measurement at wavelengths 
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Fig 2 Chromatogram of a mixture of phosphohplds m serum Peaks I= PE ( 103 fig/ml), 2 = PC 
(896 pg/ml), 3 and 4 = SM (144 pg/ml ) For the experlmental condltlons see Fig 1 

lower than 200 nm At this value, the hmlt of detection 1s ca 0 2 pg of the 
analyte m the mjected volume for natural compounds, while for artlficlal prep- 
aratlons (LPC) the limit of detection 1s substantially higher, ca 2 5 ,ug m the 
inJected volume The reason for this 1s a substantially smaller number of SO- 
lated double bonds m the art&la1 substances [ 71 

The fact that the sensltlvlty of UV photometric detection depends on the 
degree of unsaturatlon of the analyte complicates quantltatlon Nevertheless, 
the peak area can be correlated with the amount of the analyte We have found 
that the cahbratlon graphs for the natural substances are lmear wlthm a con- 
centration range from 0 2 to 15 ,ug, with a coefficient of correlation of 0 9967 
The relative standard deviation of the peak area for PE and PC 1s 5% for an 
amount of 6 ,ug and sixteen parallel measurements 

As an alternative detection method, tensammetry at a mercury electrode was 
examined The experiments were carried out m the same mobile phase as above, 
but hthlum perchlorate was added to a concentration of 0 05 mol l-l 

Batch experiments at a hangmg mercury drop electrode m this solution have 
shown that the potential regions of strong adsorption of the analytes on the 
electrode surface are from - 0 2 to - 0 7 V and above - 15 V; the tensammet- 
rlc signal m the latter region 1s much greater (see also refs 19-21) The optl- 
mum potential for tensammetrlc detection under the given con&tlons 1s - 1 8 
V (Fig 3) In measurements without a column, the signal mcreases lmearly 
with increasing amplitude of the a c slgnal and with mcreasmg surface area of 
the mercury drop electrode It 1s mdependent of the mobile phase flow-rate at 
values below ca 0 55 ml mm-’ and at higher flow-rates it increases lmearly 
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Fig 3 Dependence of the a c current slgnal on the electrode potential (60 Hz, pulse amphtude 20 
mV) for 8 7 pg natural PC, mobile phase flow-rate 0 8 ml mu-’ 

TABLE II 

PARAMETERS OF CALIBRATION PLOTS FOR VARIOUS PHOSPHOLIPIDS 

Tensammetrx detection, - 1 8 V, 60 Hz, pulse amphtude 20 mV 

Phosphohpld Linear dynamx Slope Correlation 

range (pg) (flA/pg ) coefficient 

Natural PC 0 4-12 5 0 1951 0 9998 
Synthetic PC 0 4-7 5 0 1831 0 9996 
PE 0 4-10 0 0 2008 0 9979 
SM 0 4-5 0 0 1695 0 9998 

0 4-10 0 0 1721 0 9993 

Fig 4 Chromatogram of PS and PC with tensammetrlc detection For the separation condltlons 
see Fig 1, LlClO, was added to the mobile phase to a concentration of 0 05 mol l-1 Droppmg 
mercury electrode potential - 1 8 V (Ag/AgCl), drop time 2 s, a c frequency 60 Hz, amphtude 
20mV Peaks l=PS (15pg),2=PC (2Opg) 

with the square root of the flow-rate, this 1s m agreement with the general 
theoretlcal predlctlons and experlmental observations of De Jong et al [ 221 

The parameters of the cahbratlon plots at - 18 V and a flow-rate of 0 8 ml 
min-l are summarrzed m Table II It 1s mterestmg that the slopes of these 
plots are very slmllar, 1 e , the detectlon does not dlfferentlate among the an- 
alytes accordmg to the degree of unsaturatlon, this 1s an advantage over the 
UV photometric detectlon The hmlt of detectlon for the analytes 1s 0 4 pg per 
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TABLE III 

SERUM PHOSPHOLIPID ANALYSIS 

Patient No Phosphollpld Concentration (,umol/l) 

Before spa treatment After spa treatment 

At rest After physical stress 

Bays 
1 

2 

3 

4 

Mean 
SD 
RSD (%) 
Mean 
SD 
RSD (%) 
Mean 
SD 
RSD 

G1li.S 
1 

2 

3 

4 

PE 17 39 13 9 12 81 
PC 1388 9 1036 3 1492 0 
SM 299 4 332 2 528 0 
PE 23 91 17 97 13 59 
PC 1811 1 1453 3 1675 9 
SM 706 4 4315 739 8 
PE 12 37 13 70 1680 
PC 14512 1288 3 1030 7 
SM 230 2 205 8 240 5 
PE 17 90 15 20 14 13 
PC 1260 5 1244 1 1305 0 
SM 1’718 150 4 182 4 

PE 

PC 

SM 

PE 14 87 12 50 16 91 
PC 1450 6 1019 7 2424 7 
SM 194 8 397 8 456 1 
PE 16 51 14 75 10 87 
PC 1378 7 1027 8 1053 3 
SM 536 0 550 5 6016 
PE 15 04 14 87 1161 
PC 1587 0 1380 2 12519 
SM 537 1 369 0 307 6 
PE 1131 10 92 1139 
PC 1510 8 1506 0 1616 0 
SM 183 6 164 0 285 0 

17 89 15 19 14 33 
30 197 173 

16 8 12 95 12 1 
1477 9 1255 5 1375 9 
235 9 1716 275 5 

16 0 13 7 20 0 
303 7 284 9 372 4 
242 0 126 0 259 9 
68 8 45 2 615 
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TABLE III (contmued) 

Patient No Phosphohpld Concentration (pmol/l) 

Before spa treatment After spa treatment 

At rest After physical stress 

5 

6 

Mean 
SD 
RSD (%) 
Mean 
SD 
RSD (%) 
Mean 
SD 
RSD (%) 

PE 15 5 14 7 

PC 1913 6 1900 0 

SM 184 1 114 4 

PE 13 4 116 

PC 1464 2 1250 3 

SM 302 9 126 6 

PE 

PC 

SM 

14 47 13 22 12 44 

182 177 2 24 

12 6 13 4 18 0 

1550 8 1347 3 1527 2 

190 6 3318 492 6 

12 3 24 6 32 2 

323 1 287 1 322 1 

1714 178 4 180 6 

53 0 62 1 56 1 

12 34 

1597 5 

139 0 

115 

1219 7 

143 5 

volume iqected (20 ~1) The relative standard devlatlon (8 7 ,ug natural PC, 
twenty nqectlons, a new mercury drop for each qectlon) 1s 5 0%, without drop 
renewal, the relative standard deviation mcreases to 7 0% The day-to-day re- 
produclblhty 1s even poorer, ca 9 0% The signal decreases on repeated qec- 
tlons with the same mercury drop and thus a new mercury drop should be used 
m each measurement 

In tensammetrlc measurements with a slhca column, the sensltlvlty de- 
creases (the hmlt of detection increases more than ten times ), apparently due 
to mercury electrode passlvatlon by organic compounds washed from the col- 
umn (Fig 4) It can be concluded than tensammetrlc detection has an advan- 
tage over UV photometric detection m similar sensltlvltles for all the solutes, 
but has a somewhat poorer reproduclblhty and 1s more sensltlve to the exper- 
imental condltlons. 

Applrcatmn 
The above method, mvolvmg TLC fractlonatlon and HPLC determmatlon 

with UV photometric detection, was apphed to analyses of blood samples from 
ten obese patients, six girls and four boys of ages 13-14 years. The effect of 
physical stress was followed on the contents of PE, PC and SM m the blood 
Three days prior to the experiments the patients were fed a special &et with a 
controlled phosphohpld content The experiment was carried out on a bicycle 
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ergometer, up to 90% of the maximum load Blood samples were collected m 
the mornmg at rest, after the ergometer experiment and six weeks later, after 
a reduction diet m a spa for obese patients The results are summarized m 
Table III. 

It is seen that physical stress causes a decrease m the content of PE and PC 
m the blood of both boys and girls, on average by 15 1% PE and 15 05% PC for 
boys and 8 6% PE and 13.1% PC for girls. The change in the content of SM IS 
ambiguous, on average there is a decrease (by 20.5% for boys and 11 2% for 
girls), but m mdivlduals there may be both a decrease and an increase The 
spa treatment (diet, exercise) causes a decrease m the weight of the patients 
by ca. 10 kg, but the contents of the serum phosphohplds studied are vutually 
unchanged The PE decreased slightly m the girls, but PC and SM did not 
change A decrease m PE and PC was found m the boys, but SM increased 
Hence the spa treatment had virtually no effect on the serum phosphohpids 
contents 
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