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SEPARATION OF MOLECULAR SPECIES OF 
PHOSPHATIDYLSERINE BY REVERSE-PHASE 

ION-PAIR HPLC 

S. L. ABIDI* AND T. L. MOUNTS 
Food Quality and Safety Research 

National Center for Agricultural Utilization Research 
Agriculture Research Service, US. Dept. of Agriculture 

1815 N. University Street 
Peoria, lllinois 61604 

Molecular species of phnsFhatidylserines (B) were separated 
by rwersghase i e  high-perfonnance liquid c h r u n a m y  
(RpIpfIpIIc). Hpu: mobile phases amtame3 ' eithertetraalkyl 
aumnim phosFhates (TAAp) or alkyltriethyl immcslium -tes 
(ATAP) in- 'tril-l-ter. sepalations of the ps 
aarponents on severdl. different alkylbondd silica stationary 
phases were ccnpared. 'Ihe presence of high conoentrations of TAAp 
(or ATAp) in d i l e  phases invariably enbnced the retention of 
the analytes on a RP oolurm. Capacity factom (k') of the lipid 
aarponents- w i t h  increasing -icity of the 
aumnim cumter ims. l h e  Hpu: results are Wiicative of solute 
retention via icn-pairing processes. Iqarithmic k' values of 
anal- WEE linearly related to the total m m h r  of carbons in 
each series of the quaternary amonim salts. Iimever, linear 
relationship failed when correlated with cumter-ions of 
different struchndl series. 'Bie anmter-ion effects were also 
influenced by the structures of glyoaqhcqblipids.  A marked 
depencaence of k' values of FS on the mobfie 
absenred. 

acidity was 

*Author to whan oorrespondence shaild be addressed. 
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2488 ABIDI AND MOUNTS 

structures of gl-lipids (a) generally ccmsist  of 
rcnpclar tail g r w p  of fatty acid chains and polar head groups of 
-ic acid derivatives. There are thme &m&uml types of 
GPL naturally occurring in cell menbranes: (1) BL with neutral 

charges, (2) negatively-dnqed BL, and (3) a ambination of (1) 
and (2 )  with a net negative czlarge in the molecule. As a 
pmbtype of the polar lipids of the las t  structurdl type, 
pksptmtidy1serim.s (ps) are widespmad k u t  minor cell 
constituents faard in bath animals and plants. 
a negative d m q e  a t  the head gruup in addition to the pair of 
neutralized charges located at  the serine moiety. 
R1 anj 3 grcups (Fig. 1) in PS is resporsible for the 
exist-nce of molecular species. In  recent years, there are many 
plbliations (1-9) in the literature Wing with rwerse-w 
high-perfom liquid chranatgra~y (RpHpu3) of neutral GPL. 

Haever, little mrk has been a on the HPLC separation of 
r q a t  ively-dmrged w i t h o u t  chemical derivatization (10,ll) . 
Derivatives of the PS ccnplex have been resolved by thin layer 
chmtnat4graFhy (12,13) but the parent carpcxmds have only been 

resolved by RpfIpLc in a mobile @ase containirrg choline d-doride 
and potassium W t e  in a solution of acetonitrile- 
methanol-acetic acid (4). 'Ihe intact moleailar species of PS have 
not been resolved prwicusly by RPiowpirfIpL13. 

sndlysis of GPL in soyban oil  provides useful informtion on 
the stability and processing of the oil. 
phcqholipids are amng the least 
lecit?ins (14) . O u r  continubq interest instudyingthe 
deterioration of soybean GPL during storage required the 
devel- of feasible analytical procedures for the speciation 
of m o k z u l a r  species of soybeam BL inclu3ng the minor polar 
lipid;. Initially, at tapted separations of PS by conventional 
RP-HPLL: without any mobile @mse additive failed to resolve the 
canpolents. 'Ibis paper n q o r k  the successful resolution of the 

"he ampxmts have 

The presence of 

PS ard  sane glycerol 
GPL follnd in sqkeans 
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MOLECULAR SPECIES OF PHOSPHATIDYLSERINE 2489 

H2 C -0-CO - R' 
I 

I t 

R~-CO-O-CH 

H2C-O-PO-O-CH,CHNH, 

coo - 
I I 

0- 

Phosphatidyl Serine (PS) 

PS ocnplex by RpciowpairCHpL13 and their retention behavior 
abserved * varicms HPLC canditians. - 
Materials: 

Rmphatidylserine (dry pawder or i n  chloroform solution) was 

pxhsed from Avanti Polar Lipids, Inc. (peulam, Alabama), 
Matreya, Inc. (Pleasant Gap, Pmsylvania), Qlbiochem cmpomtion 
(San Diego, California), or fran Sigm Chemical a. (saint liouis, 
Misscuri). ouler glyaxqhqhlipids (GPL) rn abtained fran 
Avanti Polar Lipids. -yl d u m  @xqhate (?MAP), 

khaethyl ammcBLium Fhosphate (TEAP), tetraprowl ammnium 

phosrjate (TPAP) were prepared fmn the co- * hydroxides 
[Aldrid-i Umuical. Co. (Milwaukee, Wisccatsin)] by t i tration with 
Fhosploric acid -1 ma- a desired pH value. Tetrabutyl 

(map), hexytriethyl aumnim @xqhate (H12u?), heptyltriethyl 
anmcarium W t e  (m), ard octyltriethyl armrnium phcqhate 
( U A P )  weme pmhased frun R q i s  chemical aspany (Ebrton Gruve, 

Illinois). HPII: solvents acetmitrile anl methanol - cbtahed 
frnn J. T. Baker, Inc. (FhillipskuKq, New J W ) .  Ultraplre 

anmcarium Fhosphate (TBAP), pentyltriethyl d m  phce@latx3 
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2490 ABIDI AND MOUNTS 

mqrade water w a s  abtained by filtering distilled w a t e r  thruugh 
a Millipre (Bedford, MA) M i l l i  Q water prrifier system. Other  

inoLqanic chemicals were obtained from Fisher chemicdls (Fair 

L a w i ,  New Jersey). 

-- Methods: 

In all HPLC analyses, a Spectra physics (San Jose, 
California) Model SP8700 liquid ChrcaMtOgraph interfaced W i t h  a 

mil tiple wavelength W detector (m spectroanonitor D) w a s  used. 

Mck lile @mses CQnPrised varims concentratians (1.25 m-5.00 m) 
of different types of ion-pairing reagents, acetonitrile, 

methanol, ard w a t e r .  All d i l e  @-mses were prepared daily before 

mdyses. Aliquots of freshly prepared samples (5-10 p l  of 5 
ny,m solutions) were injected via a &ecdyne (Cotati, California) 

Moiel 7125 injector (100 ul loop) onto a reverse-@ase HPLI: 

colunm. In  s ~ n e  experiments, relatively old q l e s  that had been 
stm in the freezer for 5-10 days were also used. 

pa- were  of octadecylsilica prepackd i n  stainless steel 
cclumns as -lied by catranercidl ,scurce: (1) waters (Milford, 

Massa&ussette) Nampak C18, 300 nun x 3.9 m I.D., 4 pm, (2) 

BEckman (San Ramon, California) U l t m s p h e ~  OE, 150 x 4.6 nun 
I . D . ,  5 pm, (3) Alltech (Deerfield, Illinois) Econasphere C18, 

1CO X 4.6 EJD I . D . ,  3 pm, an3 (4) E.M. separation ( G h t c ~ n ,  

N J.) m p r q h r e  100 RP-18e, 250 x 4 m I.D, 3 pm. In  
@pi& a analyses, mbile phases w e r e  filtered, degas&, and 

pmped thruugh 
q ~ ~ i f i e d  otherwise. 
t l ~ e  equation k’ = t/to - 1, where t and to are the retention 
t LIES of an analyte and an unretained solute, respectively. 

HXC peak Carpanents and were  then converted to fatty acid methyl 
e=-ters usirq a pblished mthanol/hydmchloric acid procedure 

( 15). 
gas chmnatogra@~ fitted with a 0.25 nun x 30 m fused si l ica 

capillary column coated with 0.2 pm SP 2330 (Supelm m., 

All column 

wlunm a t  a flaw rate of 1 n&’mi.n unless 
Capacity factors (k’) were determined fran 

PS mlecular species were isolated by wl lec t i~~~  individual 

Fatty acid analyses w e r e  pexfomd with a Varian Model 3400 
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MOLECULAR SPECIES OF PHOSPHATIDYLSERINE 249 I 

r 
0 

(B) 

(1) 16:0-20:4 

(2) 16:O-18:l 

(3) 18:0-20:4 

(4) 18:0-18:1 

(5) 18:O-2O:l 

I I I I I  

8 16 24 32 40 
min 

Fig. 2. HEW separations of PS Canponents w i t h  a mobile 
phase of acettmitrile-mthaml-water (70:22:8) 
Oonta- (A) at, (B) 5 M TEAPI @ 7. 
Oolunm, Nampak Cl8. W 208 nm. 
Fatty acids: 16:opdLmitic, 20:4=ara&idor1ic, 
18 : l=oleic acid, 18 : O=siteric I 20 : l = e i m i c .  

Bellefontel PA). A flame ionization detector built i n  the 
CfiraaatOgraFh was  used thrcuFplart the andlyses. A column 
taaperature program was run fmm 200 to 2 2 0 ~ ~  a t  1ooc/mh 
after an hitidl hold of 15 &. 

strikingly similar to the elution behavior of plosplatidyl 
inoSitols (FT) (10) and plosphatidic acid (PA) (11) , RPHPLC of PS 
in the absence of ltnbile a&litives yie ldd ill-defined and 
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2432 ABIDI AND MOUNTS 

ulllesolved peaks w i t h  little retention of the analytes on the 
column used. 

hydrct-jabic interadions between the highly polar negatively- 
chaqd head group of GPL with the ~ d e c y l s i l i c a  stationary 

m;e. 
mob le phase significantly impraved the chrcmatographic behavior 
of IS CQnpOnents (Fig. 2 ) .  

systenrs also resulted in considerable enhancement in the retention 
of the negatively-chaqed analytes on the Rp-Hmlc column. 
furtler understand the nature of mobile @mse salt effects, t w o  
seriB of quaternary axpIylnium salts were chosen t o  serve as 
ion-xiring cumter4or-s: (1) alkyltriethyl annnonim mtes 

type includes ethyltriethyl amnonium phosphate (EIIAP), 

pentqrltriethyl annronium Fhosphate (map), hexyltriethyl annrlnium 
ph0Srht.e (HIIAP) , heptyltriethyl d m  FhosFhate (IilTAP) , and 

cctyltriethy1 arrmDnium phc6phate (m). 
huml3gues of symnetrically substituted alkyl annrmium ccapwds: 

This is a cog~1y3n phenmenon a t t r ih tab le  to minifibrm 

However, addition of a cationic ion-pairing reagent to the 

This modification of mobile &hse  

To 

(rrrra') and (2) tetJmlJcyl i3lImnim phosphates (TAAP). me f i r s t  

Ihe second type includes 

tetranethyl amnoniumwte ('IMAP), tetraethyl alrmmniunl 
# K s p l a t e  (TEAP) , tetrapKpy1 d m  Fhosphate ( T A P )  , and 

tetmlutyl d m  phc6phat.e (TBAP). 

I&tention data for five Ps ccPrponents are smunarizd in Table 
I and 11 to show the effect of the type of respective ATAF- and 
TAAP-count~~ions on the capacity factors (k') of the molecular 
species. In general, the k' values of the analyte Canponents 

incread with an increase in the size of the quatenmy d m  
ampcuds i n  the mobile phases. "his taunter-ion size effect was 
f ax tx imbemchgrea te r in the~se r i e s  (TableI) thaninthe 
TAW =Ties (Table 11) as demnstrated by the greater magnitude of 
slope cb) values abserved in  ATAP. Results of linear correlation 
betzeer logarithmic k' values of FS molecular species and the 
total n m k e r  (N) of carbon atarr; i n  ATAP (or TAAP) are given in 
Wle I ,  Table I1 am3 Fig. 3. Each straight line in the 
m&a.:ion plots can be expressed by the follming equation: 

Ln k'= _a + @J 
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MOLECULAR SPECIES OF PHOSPHATIDYLSERINE 2493 

Table I. Effect of alkyltriethyl mnim (AIIIAp) 
ccunter ions on k' of phospbatidylserine 
Ccanponents and linear relation be- LA k' 
an3 the totdl of m r b n  atoans in F-TAp 
(LA k' = a + bN) 

1. 3.82 6.05 7.13 8.63 9.50 

2. 5.26 6.42 10.0 12.8 14.3 

3.  5.99 10.4 12.3 14.5 17.8 

4. 6.82 12.4 14.5 18.2 22.3 

5. 9.03 16.1 19.6 25.0 27.8 

Ln k'= a + W 
a b 

0.12 0.155 

0.32 0.166 

0.35 0.183 

0.37 0.200 

0.63 0.196 

~ ~~~~~~ ~ ~ ~ ~ ~ ~ _ _ _ _ ~ ~ ~ ~ ~ ~ ~ _ _ _ _  
* RF-HPLI: column: N m a P a k e l 8 .  Mobile phase conditions: 
acetonitrile-n&hanol-water (70:22:8) containing 5 nM 
of an alkyltriethyl ammim salt. 
Detector W 208 mn. Flow rate 1 nil/&. 
ETAP=ethyltriethyl m n i m  ph-te. 
w l t r i e t h y l  mnim m-te. 
€lIW=hexyltriethyl mnim phosphate. 
Hprp;wleptltriethyl mnim phosphate. 
OTW=oc&ltriethyl mnim phosphate. 
See text on Ln k'= a + bN 
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2494 MIDI AND MOUNTS 

Table 11. Effect of tetraalkyl ammonium @cqAate 
(TAAP) CQUnter ions on k' of 
@osphatidylserine ccwponents and linear 
relation between In k, an3 the tatdL 
n u r i p  of carkon atcans in  TAAe (In k'= a + 

1. 1.69 2.25 2.99 4.02 0.24 0.070 

2. 2.37 3.25 4.31 5.87 0.57 0.074 

3. 2.89 3.88 5.21 7.01 0.76 0.075 

4. 3.39 4.75 6.11 7.88 0.93 0.073 

5. 4.26 6.00 8.25 10.9 1.12 0.076 

* RP-HFTC colm: NovaPak-Cl8. Wile  phase conditions: 
acetonitrile-methanol-methanol?nmter (70:22:8) containing 5 nM 
of a te-1 anmmim salt. 
Detector W 208 m. Flow rate 1 ml/min. 
'IMAFttetramethyl ammonium phosphate. 
TEAFttetraethyl armnonium @msphate. 
TPAP=tetxapmpyl allm3nim phcsphate. 
TE?s=tetrakutyl ammonium phcsphate. 
see text on In k'= a + bN 

where k,, _b and N are defined as above; 3 represe~ts the k' value 
a t  N=O. 

relationship can be used for the prediction of retention tirnes of 
PS analytes when a new hcanologaus member of the quaternary 
m n i m  ccanpounds in the sam structural series is considered for 
incorporation into the mobile phase. This facilitates 
quantification of ps on a Rp column of particular specifications 
within optimal analysis times. 

under specified HpL13 conditions, these linear 
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MOLECULAR SPECIES OF PHOSPHATIDYLSEFUNE 2495 

Fig. 3. 

0.0 
0 2 4 6 8 10 12 14 16 18 

Total Numbers of Carbon Atoms 
in A Counter-ion 

hear correlation betwan In k' c ps 
ccnponents and the total number of carbon atans 

(A) A'IIAP, @ 6.5 (B) TAAP, pH 7.5. m i l e  
Rmse, acxton.itrilemethano1-wate.r (70:22:8) 
cantainiq 5 nt4 of quatemaq ammiiiium 
phcqhates. Column, "ak C18. See Fig. 2 
for canpanerrt identification. 

In canparison with an earlier Hpll3 study (10) of m, linear 
relatianships established between logarithmic k, values of PI 
molecular species and the totdl number of arbon atcnrs generally 
-led those of PS. 
TBAp in the mbile phase cohided with the aFpropriate 
wrxelation line at its abscissa c o r n q o n b q  * toatatdlrnmbr 
of carbon atans of sixteen. 
from RP-m of PI, it was passible to draw straigtt lines fraa ~n 

k'-N plots, nmess of structural types of the ion-pairing 

resrgents used. 

Each of the kt values of PI mined with 

mus, based on the retention data 

Iiuever, the situation in Hrm: of ps was quite 

different. Attenpts to wrrelate k'values of PS cbtzmd ' with 
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2496 ABIDI AND MOUNTS 

4.0 

3.0 

Y 

-I 
c 2.0 

1 .o 

0.0 1 
0 2 4 6 8 10 12 14 16 18 
Total Numbers of Carbon Atoms 

in A Counter-ion 

Fig. 4. Linear correlation between In k* of FS 
ccwponents and the total number of c a r b n  atms 
a t  A!rAP (dot) ard in TAAP (w) . Wile 
Fbase, aeto~trile-~thanol-water (70:22:8) 
containing 5 of quaterrmry ammnium 
phosphates, pH 6.5. Column, Ultrasphere Oc6. 
See Fig. 2 for ccanponent identification. 

mobile g h s e s  c0ntainh-q axmter-ions derived f m  different 
-&mchml series w i t h  their total number of carbon atms were 

unsuccessful. 
w i t h  TBAp failed t o  fa l l  on its correlation line a t  an abscissa 
cOrreSpOnding to a total number of carbon atms of sixteen. In 
other mrds, the k' values of FS can only be linearly related with 
the total rnrmber of carbon atms of a quaternary ammnium cxmpxud 

The correlation 
curves obtained w i t h  Novapak C18 column (Fig. 3) are similar t o  
thc6e abtained w i t h  Eeckmn Oc6 column (Fig. 4) .  

For ewmple, each of the k' values of PS obtained 

the same series as illustrated in Fig. 4. 

'Ihe versatility 
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MOLECULAR SPECIES OF PHOSPHATIDYLSERINE 2497 

Table 111. Effect of the concentration of quaternary 
armnonim ph-tes on k' of 
phcqhatidylssrims ccwponents 

component k'* 
Wile phase ccunter ion concentration 

0.00 1.25 2.50 5.00 
(nw 

mliw 
1. 0.00 2.75 4.38 7.13 

2. 0.00 4.25 5.63 10.0 

3. 0.00 5.00 7.25 12.3 

4. 0.00 6.52 8.38 14.5 

5. 0.00 7.81 11.3 19.6 

1. 0.00 2.13 2.87 4.02 

2. 0.00 3.53 4.03 5.87 

3. 0.00 4.05 4.54 7.01 

4. 0.00 5.25 5.63 7.88 

5. 0.00 6.00 6.75 10.9 

* FP-HPLC column: NovaPak C18. Wile phase conditions: 
acetonitrile-methanol-water (70:22:8) containing 
variable concentrations of K t w  or TBAP. 
Abbreviations and other conditions same as in  Tables 1 
and 11. 

and analytical apl icabi l i ty  of the correlation methd are of 
practical significance. 

Table 111 shms the HPLC results obtained with different 
the concentsations of quaternary annnonim mter - ions .  

table, the generdl trends of counter-ion c o m t m t i o n  effects on 
the K' values of FS canpnents are clearly demmstrated. The 
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2498 ABIDI AND MOUNTS 

Table IV. Effect of mobile plase pi on k' of 
Flhcqhatidylserine camponents. 

Wile k' 
Fhase 
Ftr 1 2 3 4 5 

(-Po& 

'IMAP 

7.50 1.69 2.37 2.89 3.39 4.26 

7.00 5.63 8.38 10.3 12.3 16.4 

6.15 10.3 15.5 19.65 22.8 32.0 

4.32 16.3 24.8 30.3 32.3 47.8 

*HPLC oonditions: acetonitrile-methanol-water (70: 22 : 8) 
containing 5 rn of quaternary ammonium salt, stationary m: Nampak C18. 
Abbreviations and uther chrumatcgraphic variables as i n  
Tables I and 11. 

pol= l ipid analytes - mre strongly retained on the rwerse- 
phas column wfien higher concentrations of the ammnium counter 
ions weze used i n  the mile phases. The absenmtions are like 
thw faurd i n  previcus mes on PI (10) and on arcaMtic 

carkxylic acids (16), but are opposite to t h c e  of high-mlecular 
- w e i c f i t  cationic ccanpaunds (17,18) and neutrally-chaqed GPL 

(19) It was of interest to note that the k' values of PS were 
irnra3,iably more responsive t o  the charrge in the concentration of 
the insymnetrically substituted aTlpnonium counter ions (ATAP) than 
that of the symetrically substituted anumnim counter-ions 

(TAM'). 
ammorhnn ccunter ions in  association w i t h  their  concentrations on 
k' ~ J u e s  of PS mlecular species are parallel to those derived 
fram s i z e  effects described above. 
unsyrunetrical ion-pair reagents in the 

Such differential influence of structures of quatemary 

It is not clear ~y the 
series participated 
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MOLECULAR SPECIES OF PHOSPHATIDYLSERINE 2499 

in stronger h-ic interactions with the analyte 

solutes than t h e  in the symnetrical c0unkr-ior-s in  
the TAW series. 

As depicted in Fig. 1, the FS structure contains an 
amin0 acid miety along with a negative &axye in the 
W t y l  miety. to the presence of these acidic 
Mmities in the molecule, the retention 
characteristics of FS waild be expected to  be serrsitive 
to the variation in m i l e  phase pH. Table N presents 
the retention data for PS studied under four different 
mobile phase @. obviously, there was no indication of 
iqxuvement in catpanerrt separation by the modification 
of mobile phase p. However, a decrease in pH caused 
a large irrcreaSe i n  the k’ values of the lipid 
capmnts being separatd. 
ms chrqed frm pH 7.5 to 4.32, there were  co- ’ drastic 
increases in the k’ values of ccnponent 1 ming fran 1.69 to 

4.26 to 47.8 in respome to the above dmqe in the mobile phase 

pH. Cowistent with prwious absenmtions in Hpu3 of PA (11) , the 
large pI- of the k’ values of P!3 molecular species is  
believed to arise from the reduced ionic character of amlyte 

solutes by way of ion- suppression in the Hpu3 spatation 

pmcesss. 
@i is an important drmmatograFhic variable i n  Hpu3 cptimization 
txperiments for obtaining reasoMble retention parameters of ps 

maponents. 
Fig. 5 shcm FP-HPIC separations of PS mlecular species 

using three ochdecyl c o l m  of different particle sizes ard 
c a b n  contents. 
and the percentage of carbon loading on a given column was a 
critical factor to show selectivity for the analyte carponents. 
As e>rpected, the €5 solutes terded to be mre strongly retained by 
a mlumn w i t h  a higher percentage of carbn loading. nus, Hpll3 

For exanple, *en the mobile phase @ 

16.3, while the k’ values of canponent 5 sharply increased fma 

Ihe results of the @ study indicate that mobile phase 

&para t ly ,  the d i n a t i o n  of column efficiency 
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I ?  

0 8 16 24 32 40 C E 
min 

3 
I 

I 16 24 32 
min 

rnin min mln 

Fig. 5. separations of ps. Mobile -, 
acetonitr~le-~thanol-wate.r (70: 22 : 8) 
Containing (A) 5 IIM TBAP, pli 6.5 (B) 5IIM TEAP, 
pH 7 : (C) , (D) acetonitrile-methanol-water 
(70:25:5) containing 5 IIM TBAP, pH 7.5. 
c 0 1 ~ ~ 1 ,  (A) Ul- oc6, (B) Novapak C18, 
(C), (D) 100 RP-18e. See Fig. 2 for 
peak identification. 
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MOLECULAR SP- OF PHOSPHATIDYLSERINE 2501 

w i t h  Ul- c18 aolum (4.6 x 150 nm, 5 pm, 10,ooO plates 
p e r m e t e r , l 2 % ~ l ~ ) ~ t h e s a m e ~ o f p e a k  
calpmnk as RJvElmk cl8 column (3.9 x 300 m, 4 pm, 20,000 

plates pernl?ter, 7% CmbcUl lW). Best separatiars of Ps 
m1aar  species kw32 obtained with SUpersFhere 100 RPI.8 aolm 
(4 x 250 m, 3 pm) d c h  has an efficiency of 25,000 plates 
permeterandaoartxnloedingof22%. QItheotherhand, few 
anpxmts of the polar lipid wm resolved m Bxmqbm C18 

aolm (4.6 x lOOm, 3 pm, 10,000 plate per meter, 10% oartxn 
loading) aespite the hi* efficiemy of the mlunn. &rumto- 
gmFhic pmfiles of the Ps mleallar species varied sanewhat w i t h  
the of sanmples and with the lengw of time in 8olutim. 
QIllaaatogramps of ol&r gampjles often ShaJled a few- early- 
eluting peaks than -Y - -1- lnewmrably - * 
auta&wh of ps. 

In mmuary, m l d a r  spciea of ps, a minor ccmtituent of 
s o y b e a n G P L , c a n b e ~ t e d b y R P ~ H E s I c .  Quantitative 
arralyses of the acnpaads can be acamplished by IiPrmJv detectian 
cnly if the analyses are aQlclllcted in ccmjunctknwith phoqkms 
a n a l y s m o f t h e i n a i v i d u d l F s ~ .  Asthemubilephase 
systeps emplayea in this study a m  nut amptible with an 
emgnmkive 1- scatterhq (EI6) detedoh, it is not pogsible to 
qmnti&itepsbyWicn-pair HpIC-ELGdeteckicn. IheHpLI3 

mb repmsat the first rep3Z-t m the 
i s t i c s o f t h e P s ~ .  I h e ~ c a n b e u 6 e d f o r p r a d i c d l  
amlw of Ts derived frun m i -  smple matrices. Ihe 
ocaponents can be efficiently I..esalved wiwn -le xetaltim 
times by qltimizing HPIL: acndftiotls including Wlum 
sur;ificatials. 
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