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Abstract: Chiral-phase HPLC has been widely used as an essential means of separating and quanti-
fying enantiomers in biological and synthetic samples. The methodology has been extended to the di-
rect resolution of various synthetic and naturally occurring chiral glycerolipids, such as triacylglycer-
ols and phospholipids, since the enantiomer resolution of synthetic mono- and diacylglycerols as
3 5-dinitrophenylurethane derivatives was achieved by chiral-phase HPLC in the 1980s. This review de-
scribes recent advances and applications of chiral-phase HPLC in lipid research. In particular it is fo-
cused on the analysis of enantiomeric glycerolipids including triacylglycerols and phospholipids.
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Fig. 1 Chiral stationary phases for HPLC separation of stereoisomeric glycerolipids.
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. N-[(S)-2-(4-chlorophenyl)-isovaleroyl]-D-phenylglycine (Sumichiral OA-2100)

N-[(R)-1-(a-naphthyl) ethylaminocarbonyl]-L-valine (Sumichiral OA-4100)

N-[(S)-1-(a-naphthyl) ethylaminocarbonyl]-L-tert-leucine (Sumichiral OA-4600)

Cellulose tris(35-dimethylphenylcarbamate) (Chiralcel OD, Chiralcel OD-RH, Chiralpak IB, Lux Cellulose-1)
Amylose tris(35-dimethylphenylcarbamate) (Chiralpak AD, Chiralpak 1A)

Poly (R)-1-(a-naphthyl) ethylmethacrylamide (YMC A-K03)

Poly (diphenyl-2-pyridylmethyl methacrylate) (Chiralpak OP(+)). (Redrawn from Ref, 3)
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Fig. 2

Structures of some chiral glycerolipids. (A) 1,23-triacyl-si-glycerol; (B) 12-diacyl-sn-glycerol; (C) l-acyl-sn-glycerol, (D)

l-alkyl-sn-glycerol (glyceryl ether); (E) 12-diacyl-su-glycero-3-phosphocholine; (F) l-acyl-2-hydroxy-su-glycero-3-phos-
phocholine (lysophosphatidylcholine); (G) (S)-1-acyl-2,3-epoxypropane (glycidol fatty acid ester); (H) (R)-12-diacyl-
3-chloropropane; (1) 2,3-O-sopyridene-su-glycerol; (J) 1.2-diacyl-sn-glycero-3-phospho-1"-sn-glycerol (phosphatidylglycerol);
(K) 1.2-diacyl-sn-glycero-3-phospho-L-serine (phosphatidylserine). (Redrawn from Ref. 15)
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Fig. 3 Direct resolution of isomeric monoarachidonoylglyc-
erols by chiral-phase HPLC on amylose tris(3,5-di-
methylphenylcarbamate). Column: Chiralpak IA (250
x 46 mm id.). Mobile phase : MeCN/MeOH (90 :
10, v/v). Detection : ELSD. (Redrawn from ref. 14)

FTLAHAIT LR FE16EES5S (2016; 217

THEHLT, £/ F7I9F N/ ANT) va— L% 58"
FAERE Fig. 31T, 27X F /A NT ) L —
WIETy FORRA OGP BEN, o FE s
1 FZBEROPEBED) B FTHEH I EDHL AT X
nrzwgE <) 77 FHEwE) ©H 5%, 2MAG
EESHIZ13)-MAG IZEELT 20T, sk EEiT 5
WMICELBEL TE L2 FEEER T ) 2 SR 2
LD DEBENLETH 5o 22MAG IZHE L LTl
ENTVEY, EMLTETLILBEDT EIPE TR
TWb, —HFERIZERIND L B LIBES 5 0
OTEMBRENI TR TH 5, F 5 )0 HPLC 13 22MAG @
WEF v 712D,

3:3 YF7INTYUtEO—IL (DAG)

12373 Vsn- 7Y +u— ) (12DAG) 1: TAG
RN VIEBER L) v ulREoR# PRk E LT, 72,
TaTF 4 rFF—ECEREETEEI Y F Ay
Dy =T LTHERIBOTEEREHZ R, LTn
%%, DAGIZIZIM{E TAG EEX BHE KT X 41E
H PRSI DD 5 Z E S P2 ENT, HEHR
DE 25 KNS 72T b Y, TAGR 7Y =% —
WS AL, RUSOMEINZIE sn-1-, sn-2-, sn-3-MAG
DM, sn-1,2-, sn-23-, sn-1,3-DAG DREWHES N
bo TN H% 35-DNPU FFEMRIZEH L7205, snl2-
DAG & sn-23-DAG DR EA% ¥ 5 )V HPLC TH
BELC ZhZnEmMEs v Y5 — GLC R i 4
HPLC THMF$AZ L1250, TAG 2Hi 3 %5 DAG
WO FHER TAG OREIFEEMES A2 A Z LN TE
% 33880 Takahashi 1%, 2 OFBEAILE % dEmE b Al
WoEZEEINLZ ) LaElRE (MGDG, DGDG,
SQDG) D 7Y £ 1 — VEROHER FL B O P B L7 %
Thbht, ZUuEREE F0) kR BTy FEER
b/ e F¥o Y5 LTHESNS DAG % 35-DNPU %
BARIZEH L T AKO3 (Fig. 1F) K U O ST KL & %
L DOALOBFTINS T LATHN LR wihd S
fii& (sn-12-DAG) TH Y, REE (sn-23-DAG) (iR
ELARWIZE 2R L2, S OFEMHLEIT) /5—
ERTINVIF VAT 25— VOVAKEREDREIZD
FMASHTWE> T —F EEIRAXF IV T A
(Chiralpak IA, Chiralcel OD) % fiv» 5% & 12-DAG 1%
RYROEHE ST TH S ™ ™ ¥, Fig. 412 DAG
DOFER L BRI O GITHERE B L ORT . WTiho
FHETH B REEESEENEONDL, EHREFT LY
T AFNEMHE- FCTHOHMHE— FTOLMHHITRETDH D,
EBICEMRHENEONED, SEGE IR —
FT (Fig. 4B), Al RMER & SRR O 58X NE
MHE-FTENENI D BWOEERE SRS, HHE—



218 FLAHII>X F165$E55 (2016)

X -1,3
A B sn-2,3
sn-1,2
sn-2,3
sn-1,2
sn-1,3
0 5 10 15 min 10 Y g 2 min

Fig.4 Chiral-phase HPLC separation of enantiomeric and regioisomeric diacylglycerols as 3,5-DNPU derivatives (A) and free
forms (B). Sample : (A) dipalmitoylglycerols, (B) dilinoleoylglycerols. Column : (A) poly (R)-1-(a-naphthyl)ethyl-
methacrylamide (YMC A-K03, 250 x 4.6 mm i.d.); (B) tris-3,5-dimethylphenylcarbamate (Chiralpak IA, 250 X 4.6 mm id.).
Mobile phase : (A) hexane-1,2-dichloroethane-ethanol (40:10: 1, v/v/v), 1 mL/min; (B) CH,CN/CH,OH (90 : 10, v/v),
0.5 mL/min. Detection : (A) 254nm UV; (B) ELSD. (Redrawn from Refs. 14 and 31)
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Fig.5 Chiral-phase HPLC resolution of enantiomeric 1-doc-
osahexaenoyl-2,3-dicapryloyl-sx-glycerol (22 : 6-8 :
0-8:0, DCC) and 1.2-dicapryloyl-3-docosahexaeno-
yl-sn-glycerol (8 :0-8:0-22:6, CCD) on cellu-
lose tris (3,5-dimethylphenylcarbamate). Column :
Chiralcel OD (250%x4.6 mm i.d.). Mobile phase :
hexane/2-propanol =200 : 1 (v/v). Detection :
210nm UV. (Redrawn from Ref. 39)
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Fig.6 Recycling chiral-phase HPLC resolution of synthetic and natural triacylglycerol enantiomers on cellulose tris (3,5-dimeth-
ylphenylcarbamate). A : 1,2-dipalmitoyl-3-linoleoyl-rac-glycerol (rac-PPL), B : a dioleoylpalmitoylglycerol fraction from
palm oil triacylglycerol. Column : Chiralcel OD-RH column (150 % 4.6 mm id. 5pm) with methanol (0.5 mL/min). Col-
umn temperature : 25TC. Detection : 205 nm UV. (Redrawn from Ref. 40)
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Fig.7 Chiral-phase HPLC resolution of synthetic triacylglycerol enantiomers on amylose tris(35-dimethylphenylcarbamate).
POS = 1-palmitoyl-2-oleoyl-3-stearoyl-sn-glycerol. SOP = 1-stearoyl-2-oleoyl-3-palmitoyl-sz-glycerol. POO = 1-pamitoyl-2,3-dio-
leoyl-sn-glycerol. OOP = 1,2-dioleoyl-3-palmitoyl-sz-glycerol. Column : Chiralpak IA-3 (250 %3 mm id.); Column temp. :
5-10C; Mobile phase : CH;OH/2-propanol/CH,CN =70 : 20 : 10, by vol. (0.3 mL/min).
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Fig. 8 Diastereomer separation of PC hydroperoxide bearing 13-hydroperoxy-9711E-octadecadienoic acid on Chiralpak OP(+)
(250%4.6 mm id., 10 um) using methanol-water containing 5mM ammonium acetate (80 : 20. v v) as the mobile

phase. (Redrawn from Ref. 56)
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Fig.9 Separation of a mixture of enantiomeric 12-diacyl-rac-glycero-3-phosphocholines by chiral-phase HPLC on amylose tris
(3,5-dichlorophenylcarbamate). R and S correspond to sz-1,2-diacyl and s»-2.3-diacyl, respectively. Mobile phase @ aceto-
nitrile/methanol (70/30, by vol) with 0.1% (w/v) ammonium formate. Column : Chiralpak IE (250 X 4.6 mm id.); Col-
umn temperature : 25C; Flow rate : 0.3 mL/min. Detection : ELSD.
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Fig. 10 Molecular species analysis of hydrogenated soybean phosphatidylcholines by chiral-phase HPLC/ESI-MS. A : total ion
chromatogram: B : mass spectrum of Peak 3; C : MS/MS spectrum of (M+H]" (m/z 7625). HPLC conditions as giv-
en in Fig. 9. MS conditions : triple quadrupole mass spectrometer (Shimadzu LCMS 8040); nebulizer gas, 2.0 L/min;
drying gas, 15.0 L/min; DL temp. 250 heat block temp. 400C; CID gas, argon (17 kPa).
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