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BARE B - RILBAEERNAMLTE 5 NMAnBEHARRNRE

1,2 b 2 2 g 2 > 2 o 2E N B
K& CLARERSLEEE S RES, EFL XL T, AT
(1 REER2AAE T 2ARE , K 3000725 2. KETTEE = O BBt SR, R A T4 e =,
TR T AN TR ARSI Hpots , R 300170 )

BE BEY: A RRBEZRIBIAFOT AR, 5 — P2 TN A F P L B 5 BEAZ 4% (LPC ) X #1749
ik, Fik: ABRCRAE Y BB ERE N (HPLC-MSMS ) 247 -F & , A foF 4 WM ARd, #0322 34l LPC
14 :0.IPC 15 : 0.LPC 16 : 0.IPC 17 : 0 F= LPC 18 : 0 Z 3| 45 JR 694 77 %, %47 B AR LPC *F 5 69 47/ vh
K, M HABRK BZH A8, ST — BN R & 69 RBUEAR TR (LOD ) fe X M5E B, i@ id Aekf ehIGX IR IE
K -F & 69 A (AR eDic R ) Fekl 25 B (RSD ), ik —H 54715 -F & B A A AR A 693E R, FE3bihal
£, A A% HPLC-MS/MS F & % #7 7 LPC 14 : 0~LPC 18 : 0 5 A~ LPCs £ T A48 % PL AT 4m A0 9% ( HBV-HCC )
B A PR, BR AFRAEL T AT HPLC-MS/MS #) LPC 4&m-F & ,i%-F & nAa £ A A AR 5
LPC 14 : O~LPC 18 : 0 5 AN i e 45 F FR4-%152 0.027.0.120, 0320, 0.059,0.072 pg - ml™; Ao i 22 7 A2 45
Y=0.725X-0.002 64, Y=0.212X-0.025 6. ¥=1.22X+1.84, Y=0.861X-0.015 5 F= ¥=0.813X+0.558, 48 % % # o %]
0.997 6.0.9992.0.992 7. 0.998 0 F= 0.994 3, M| & 45 R 5 JE Aokl 5 ST 24 £ 85%~115% & A, #] A HPLC-
MS/MS F & 52 69 5 A LPC 4 F, 5P R F & & F AR HBV-HCC B4 B &— T o555k N, &8 A RA
J HPLC-MS/MS 547+ & , RA T T —/ME 2 Z40m T892 S A f &+ LPC 14 : 0~LPC 18 : 05 4~
B A% LPC £ 4 a9 #am| 7 ik , & e RIET

KHEA R F; AN G - FIERRR ; B iR B sk (LPC ); W AR, ; T A8 AT 4 BAT % (HBV-HCC )
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Abstract Objective: To establish a quantitative detection platform for the identification of lysophosp-
hatidylcholine ( LPC ) substances in human serum by using targeted metabolomics techniques.Methods: The
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analytical platform was developed based on a high performance liquid chromatography—tandem mass spectrometry

( HPLC-MS/MS ), which using reserpine as the internal standard to quantitatively detect LPC substances, including
LPC 14 :0,LPC 15 :0,LPC 16 : 0,LPC 17 : 0 and LPC 18 : 0. The standard curve of each LPC was plotted and
the linear correlation coefficient was analyzed. The limits of detection ( LODs ) and the linearity were evaluated. The
accuracy ( spiked recovery rate ) and precision ( RSD ) of the detection platform were verified by spiked recovery
experiments. The applicability of HPLC-MS/MS platform in human serum was analyzed, as well. In addition, the
concentrations of five types of LPCs ( LPC 14 : 0-LPC 18 : 0 ) in patients with hepatitis B-related hepatocellular
carcinoma ( HBV-HCC ) were validated by the current HPLC—MS/MS platform. Results: A LPC detection platform
based on HPLC-MS/MS was established, which had high stability and accuracy. The LODs of the five substances
LPC 14 : 0 to LPC 18 : 0 were 0.027, 0.120, 0.320, 0.059 and 0.072 pg* mlL™", respectively. The standard
curves were: ¥=0.725X-0.002 64, Y=0.212X-0.025 6, Y=1.22X+1.84, ¥=0.861X-0.015 5 and Y=0.813X+0.558,
respectively. The correlation coefficients were 0.997 6, 0.999 2,0.992 7, 0.998 0 and 0.994 3, respectively. In
the meantime, the accuracy and precision of the measurement were controlled within the range of 85%-115%.
The five types of LPCs determined by HPLC—MS/MS platform could be applied to differentiate HBV-HCC patients
with different stages of Barcelona. Conclusions: In the study, a stable, sensitive and reliable quantitative detection
platform was successfully established based on HPLC-MS/MS. The platform can quantitatively detect five types
of target LPCs ( LPC 14 : 0 to LPC 18 : 0 ) in human serum, which is suitable for promotion in the clinical
study.

Keywords: metabolomics; liquid chromatography—tandem mass spectrometry ( LC-MS/MS ) ; lysophos-
phatidylcholine ( LPC ) ; internal standard method; hepatitis B-related hepatocellular carcinoma ( HBV-
HCC)

PRS2 2 BOR AL TS BOR B0 B FImg 3k
PR AR SR Z R BOR T B, ST H BAH I B e, X
for F Ak o e, ARG B A B A% A ) A R A R
T SR AL 2 5 RS OR B 22 ORI T AR 25 1Y
FU, CATEI AT R —E R HT, 2 A K
WFFEIR A A~ BORIR T R £k B T 55 T
KFFRE GG % 1 K et A AR s s 9 A8 4k 2,
IR T PRAR A SEAT H0AE - 35 1t T S T O ik
(lysophosphatidylcholine, LPC ), X FREF ML IRBENR , J&)
TZAFAE T N0 B A S D A — T BAT S 0 I P A
a2 50, SR T AR N BOAE FH AL AT A6
PRI 2B AR AT LPC 2 i 5 R B, A
W2 BN Z2 PR AR, 255 RIS R AR R] 4%
WP, G R WA E—E 22 5% . AWTSERW], &
FRN LPC it 2 3k | A BT R 9 LPC
WS HFAEDIRER R , (3 ML P e R D e 2
W AN ABRIERI, 2 ML E AR T B
T8 Y LPC 2 B A — A ik

AW ST ) 5250 B b 30 5 e A2 o

B R AH €3 — R KBS ( LC-MS/MS) BK A, #5728
AN 55 P T K H 9 S5 T 0 2 S 12 R DG 1Y
5 MR LPC 269 it (4335 LPC 14 : 0.LPC 15 : 0,
LPC 16 : 0.LPC 17 : O M1 LPC 18 : 0) J7 &, LI N
PRI 24 AR TF-BEAE G PR B0 10 i 8 52 Wi S it
R RE
1 #R5FE*®
1.1 BRI

NG AR A RS =l B B g i, ¥k
TEVE RS T L, B0 BUMLTE 5 T -80 C IR TE,
SAHTRTE TR TR, R A IR B (Mreda 28 /) A=
77, Sl 342 HPLC 2% ), I ( Honeywell 24 H] A 77,
4li i Sk LC-MS 9% ), 2, 6- LT & X} H [ ( BHT,
BASY A BRA T P92 ), Durashell Cig (L) (4354
(FLA% 150 ARt 2y 5 pm, K/NA 3.0 mm x 50 mm ).
Cleanert PPT 96 L & [ L€ A ( 5% 5 96CD2025Q) ).
Cleanert M96 £ WAL S RTADEEAY | Cleanert © V96 Ff /i
RIHAESUR 96 FLUSCHEAR I B K E N SRR B
AT, FiEUCh Applied biosystems 23 H &
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) AB/SCIEX A= 7= #1385 i API 4000+, J5T % 4%
fdi F TurboV 5§+ U5 . — 5 VUM FT ( Triple quadruple )
Y B L5 1 o o B e i S vt T i oA
5. LPC 14 : 0.LPC 15 : 0,LPC 16 : 0.LPC 17 : 0
FILPC 18 = 0 1Y b #E &b ¥ W B 26 E Avanti 28 A,
4l B 100%. bR P 3R] I P B Sigma 2w A 77
Pefit,

1.2 ik

1.2.1 HPLC-MS/MS Jyikafgsr  NIMiEFEA
R R (T, S0 LPC 2R B 1) 58 B A6 I, F
PATT B REAR AT AL FEBR 2= TR I . £
BRANTE « 1) S PR I o i a6 Al 1k R e, 124 v
1 FH 4 F B 44 5 A5 0.1% B9 BHT. 0.19% B BHT H
P2 VR IE ) 71+ 70 mL HH BRSO BHT 70 mg,
FoAr IR e BHT 58 & . 2) FEA BRI H AT
oAk I R ¢ A v i S B BT AR A A I T 1 v R R
100 pL A= 34ER 7K 5 25 wL i TAEMR (OB ) iR
B, FUAT IR ER S BT 5 X PREEAS I 5 WA 1 1y
Il RAEAS 100 L I3 FF 5 22 EP S, #1 A
fig£ 25 wL, e iR e ST Bl a] 25 o 3) JE 1] Cleanert
PPT 96 FLE& FHUTIER H i A BE (%5 100 pg - L7 A
11~ ) 150 pL, FEIA LR FAN R A A RFINFE AR 25
L, 1 F 96 FLAR 37 3% #% T 600 1+ min™' J4 i€ 5 min,
IRAEYAEEFE 10 min, JJ5{#H Cleanert M96 44
FE ity A BERASCHRS: 2 B S AR TR 30 T v e A B2
Merb g . 4 ) Bl R B AV TE Cleanert” VO6 Ff
i AW AR AR FH AT IR B E A 30°C, IR
TIEFRARTE T 1 mL 80% H f /K %5 0 h &2 1, TR T
w FIRE YA R AT AL T I, B LI
FEH, HPLC 3t s AH S 500 3% 1, 3 383 358 22 S0 800
pL » min™', FEIRFEETE 30 °C, R E N Spl, &
HPLC 43 25 5 IR A A BT AN a4 5 0 FE 40
BT, BB S8 1 L3 20 A A A4 F
filf 4% <. CAD 41.37 kPa, 57X, CUR 137.9 kPa, 54k
A GS1 137.9 kPa, il B in #4 <0 GS2 344.75 kPa, Wi %5
HLE 5.5 kV. BFRIREE 600 °C.

1.2.2 HPLC-MS/MS Jy i 225wk W T XE DL 3R A%
SEANE SRR LPC 2 5 () 58 5, A58 R H
0.9% A FRER KA N ML 177 32 VAl A fg
BSUE . K 20 wL AEFER KN 5wl 9ARE TAERAE
R A AT R B A3, I T4 IR iR S e
HPLC Fl MS 1605 LRI

AL Ha i

#*1 HPLC RiRshE &4
Tab.1 Mobile phase conditions of HPLC
W BlAH ( mobile phase ) A: 0.1% it 8l14H ( mobile phase ) B:

A I L | 2
Ctime )/ IR ~25 mmol - L. 0.1% g - HEE
. FR%E (0.1% formic acid-25 (‘mobile phase B: 0.1%
i mmol * L' ammonium formate ) /%  formic acid—methanol ) /%
70 30
0.5 50 50
0 100
0 100
4.1 70 30
STOP
%2 REEHSBEE
Tab.2 MS parameter information
Higy w0 TR
(target ) min ('parent ion ) ( daughterion ) DP/V CE/V
Ql m/z Q3 m/z
FlifiF 2 609.3 448.2 140 40
(reserpine ) 609.3 195" 120 45
LPC14:0 246 468.4 285.3 110 40
468.4 450.4° 120 27
LPC15:0 2.54 482.3 299.5 120 36
482.3 464.2° 120 28
LPC16:0 2.63 496.4 478.2" 124 16
LPC17:0 2.72 5104 327.2 120 30
510.4 492.4 120 20
LPC18:0 2.83 524.5 341.5 115 28
5245 506.2" 127 18

7T (note ): B X ( quantification ion pair )

HPLC-MS/MS S 56165 L3 A0 R 05 i PPA
FREULPC 14 : 0.1PC 15 : 0.1PC 16 : 0,LPC 17 : O Fl LPC
18 = O F B #E & 43 31 A 1.875.3.750,56.250, 5.625 Al
37.500 mg, %5 T 5 mL HEESA Y, BS pL #2220 pl
FH B, BV e 3 v ST MR B I RE AR FH ST HE
A AR BE AR S1~S6 B BE VR B U RE A, FH T o 26
W RE FNZRPESE RIGIUE, K S1 IR EREAT B 2 T
R BEAS B LA, D (5 L (SN ), L2 S/N R
10 0 1, FRPATARIE 5 AMEEAS 16 R AG 6 (RSD ) /T
20% , U RS RORE ARV 8 R R A SRS ARSI I B ( LOD ),

R UEAR HPLC-MS/MS SE56- 45 0K % B FlER
FE, DhAEFER /K Sy o, L] Y S3 1S5 2 ANk K
SRBRAEREAS , S3 AR MR B, S5 S = AR
X} S3 1S5 2 AU K BAREREAS , 43 254 T 8 A
FEA A TS0 . AR S D0 R 5 T A ) A
B TFESFME « MARiEZE SD IR [ F0RS 2
(RSD ),

S
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Tab.3 Concentrations of samples for standard curve

HFE AT
( concentration

level )

LpPC LpPC LpPC LpPC LpC
14:0 15:0 16 : 0 17 :0 18:0

S1 0.125 0.25 3.75 0.375 2.50
S2 0.25 0.50 7.50 0.75 5.00
S3 0.50 1.00 15.00 1.50 10.00
S4 1.25 2.50 37.50 3.75 25.00
S5 2.50 5.00 75.00 7.50 50.00
S6 3.75 7.50 112.50 11.25 75.00
S7 7.50 15.00 225.00 22.50 150.00

RERUEAS HPLC-MS/MS S5 65 %5 A LT FEAS
FRAEE I, DA I 37 AR A B R /K i B S3 AT S5 2
AV AR B AR o S Y IARE LT, R4 T A [l
ORI, e B3R R A 20 BRI I I
M35 LPC 14 : 0~LPC 18 : 0 5> LPC 254 i i &5
L ICONINFE IS MR . FEULHERN I, 35 0FE T HPLC-
MS/MS 52 565 6 75 £ AH 5GP 20 M 98 ( HBV -
HCC ) 3 L3 138 M
1.3 Seit2eorik

HPLC-MS/MS - 5 b5 #E M1 26 J2& B T AT ol B0

6. 3e4
6. 0e4 -

5. 5ed
5. 0e4 1
4.5e4 -
4,064
3. 5ed \

3. 0ed - \

BRFE (intensity) /cps

2. 5ed ‘
2. 0e4 ‘

1. 5e4
1. Oed~ \‘

5 000 |

0 —1

Analyst® [ 2y &b B 25 | 5 B i B AR 4 A I 1Y
S1~S7 Z 5 B2 FAH Bz i e TR AR, 2 il Bm VR B2 / N
PRYIHRE — bRk B T AR AR AR A 2k, IR
BT AR AR ro LA R K R LAY T RE
[ e R A L IR IR = CIRE S v B /
TNEEAR B ) x 100%; A %5 B RSD= 45 #f 22 SD/ 1~ 3
18 %o AL YE A 56 5T A A [l 3t 0 5 [l
W% = (IR — A PR )/ IR x
100%. FIH SPSS 21.0 #AF#-ATEE 15347, 43 B AN ]
[ 5€ 2 43 7 40 HBV-HCC f 3% 1 iE 5 4 LPC
KW T K, P<0.05 5Y P<0.01, ¥ 8k BA 4i it
2 H£ER
2.1 HPLC-MS/MS -5 R Fdk v 25 1
AT R (LOD ) {5 2 75 48 HPLC-MS/MS £
RA-6 () R, B30 A I 45 5 S/N=10 = 1 A
FAE R R BICA LOD fH. £k, LPC 14 : 0, LPC
15:0.LPC 16 : 0.LPC 17 : 0 #1 LPC 18 : 0 1) LOD
1B 535149 0.027.,0.12.,0.32.,0.059 1 0.072 pg - mL™",
AHAB 2 AN I6 B 43 B B U, S2 e JBE K S V25 T A G 0 45
HRWE 1 R,

0 0.5 1.5

1 S2REERRRBIEE

Fig.1 Chromatogram of standard solution at S2 concentration

HR A e 3 TE il b ML A AS ) e 58 6 P88 VL, 40 A
PRI v e T FR 22 AR v 2R . SRk v T A A o AR
W, S1~S7 Jeit 7 A RNk S AR S B L (E
R R B LPC 16 2 0 AT LPC 18 = 0 A& i 7 Higk

PERRREAZS 22 (B AR R ), 8miiASh LPC 14 = 0~LPC
18 : 0 5 M AEILT- 5 Kl (9 e 7B L R S1~S7 e
FESE R AR BB N BRI &5 S T {5 s Y R A A
MEERAT (S, LPC 14 : 0~LPC 18 : 0 5 My [al
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A5 RER HPLC-MS/MS - 545 % B FIUERA L (% 4 ), 4558 S3
Y=0.725X-0.002 64 r=0.997 6 AL B S5 = AV B 7K 7 I LPC 14 = 0~LPC
Y=0.212X-0.025 6  r=0.999 2 18 = O Ji B (5] Wi 2 35 7E 85%~115% 35 [l . LPC
Y=1.22X+1.84 r=0.9927 14 : 0~LPC 18 : 0 7E S3 7K F /) 4% %5 & RSD 433l Ky
Y=0.861X-0.0155 r=0.998 0 6.3%.6.4% .8.5% .7.1% F1 7.0%; LPC 14 : 0~LPC
Y=0.813X+0.558 r=0.994 3 18 = 0 7£ S5 ¥k FE 1) RSD 25 34330 4 11.3% . 12.1% .
2.2 HPLC-MS/MS -5 MERAE K% B BTl 12.3%,12.0% F1 11.3%., 5> LPC 25 %) J5i i RSD #5:

DIA BEER K O 3 o, R AT AR RIS 56, B e WSS R/ NTF 15%,
=4 NEEEGRIS TG HPLC-MS/MS & ERE BERE

Tab. 4 Precision and accuracy assessment of HPLC-MS/MS platform by spiked recovery experiments

BRI Hbet IEES(EN S -1 e -1 S -2 i
b % _ %
( concentration ( spiked concentration )/ (actual concentration—1 )/ (actual concentration—2 )/ RSD/%
(target ) O . (recovery-1)/% . (recovery-2 ) /%
level ) (pg - mL ) (pg - mL ) (}Lg'mL )
S3 Cl14:0 1.25 1.29 103.2 1.43 114.4 6.3
C15:0 2.50 2.28 91.2 2.85 114.0 6.4
C16:0 37.50 38.10 101.6 43.00 114.7 8.5
C17:0 3.75 3.31 88.3 4.09 109.1 7.1
C18:0 25.00 24.30 97.2 28.10 112.4 7.0
S5 Cl14:0 3.75 3.44 91.7 3.35 89.3 11.3
C15:0 7.50 6.77 90.3 6.53 87.1 12.1
C16:0 113.00 102.00 90.3 103.00 91.2 12.3
C17:0 11.30 9.83 87.0 9.94 88.0 12.0
C18:0 75.00 69.90 93.2 69.00 92.0 11.3
2.3 HPLC-MS/MS V-5 % L iR A (938 I 1 14 : 0~LPC 18 = O f9 B I I iy T SR A0 A2k P10

DL LG o 56 B, i A7 A LS 5, B 19 LOD B, HARKL T Mg uE R F Py, 45 5T {5
HPLC-MS/MS “F- 5 76 A LS H 0 A IS A (3R 5D, S3IRIIAEMREE | S5 e v B il 3 i [l s e v A
2 3 NILIEREAS LPC 14 : 0~LPC 18 : 0 BT W EN S 85%~115% JEEN , -5 LALE B K 3 B nRE [Ty
49 0.83.2.46,107.00,2.92,47.30 pg - mL™' LK 0.68, 2R AREE . HPLC-MS/MS & X 1L i A A AT K
2.21.92.00,2.45.39.4 0 pg - mL™' o MIFENMLTEREA LPC AFA93E AN, A& XTZ HPLC-MS/MS F- & 5 A K

&5 HPLC-MS/MS T&3 MiFHEAR)E RS
Tab.5 Applicability evaluation of HPLC-MS/MS platform for human serum samples
e PR JbR{Er S -1 SEE -2

( concentration HHA ('spiked concentration )/ ( actual concentration—1 )/ P - (‘actual concentration—2 )/ I -2
level ) (target ) (ngeml™) (ngeml™) (recovery—1)/% (ngemL™) (recovery-2)/%
S3 C14:0 1.25 1.97 97.4 2.17 113.4
C15:0 2.50 4.50 86.6 4.99 106.2
C16:0 37.50 140.00 108.0 136.00 97.3
C17:0 3.75 6.24 94.8 6.67 106.3
C18:0 25.00 72.00 114.6 70.00 106.6
S5 Cl14:0 3.75 4.80 107.9 4.72 105.3
C15:0 7.50 9.46 95.0 9.69 98.1
C16:0 113.00 196.00 85.4 216.00 103.1
C17:0 11.30 13.80 98.4 14.80 107.2
C18:0 75.00 113.00 92.9 122.00 104.9
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24 HPLC-MSMS V-5 434 51~ LPC 254 BT 7E HBV-
HCC & 75 P f e

A, A WF 58 F1) ] HPLC-MS/MS - 5 437 1 82
il HBV-HCC £ 3 IfiL 7 H 5 4~ LPC 28 4 Jii /K F (%
6 ). M ISR 4 W, P A R W 4 4
A g (AT 399, A2 0 A A3 31) B o BCLC- 1 4
(n=27); ZAaE , BieE A% <3 em & (A4 1)) FRE A
BCLC- T4 (n=16) ; ¥ 2/~ g, Jibogd (A B A, I

JE i AT A (B D) A 35 BCLC- T4 (n=18 ) ;
Dy fig R AR, Ab T it e A s e B C 1R D WA
S BCLC- V41 (n=21), Z53REW, LPC 14 : 0~LPC
18+ 0 5 MR bR 4 7 45 4 2E W0 41 A6 il v
R 225 B3 BB G5 L (P<0.05 ). AL,
F| 1 HPLC-MS/MS - 5 I %2 1 5 4~ LPC 2 ¥ i,
X AS [ B 5 58 B HH HBV-HCC 5 % 2 A —iE 11 48 5]

o
He JJ o

(T

%6 LPC14:0~LPC18: 0 7ZEARE CTP 434 HVB-HCC £& Z BHILLE
Tab.6 Comparisons of LPC 14 : 0~LPC 18 : 0 among patients with HVB-HCC at different CTP classes

HArY) (target ) BCLC-1 BCLC-II BCLC-111 BCLC-1V
LPC14: 0 0.58(0.37-0.78 ) 0.45(0.29-0.81)" 0.41(0.24-0.57)™ 0.27(0.19-0.36) "
LPC15: 0 1.68(1.32-2.25) 1.78(0.94-3.22)" 4.77(1.33-10.95) "¢ 2.20(1.19-8.91 )"
LPC16: 0 90.20 ( 68.30-128.00 ) 85.50 (60.50-122.00)" 77.15(56.43-107.50 )™ 71.80(41.20-104.50 ) ¥
LPC 17 : 0 2.12(1.80-2.92) 1.59(0.90-2.44)" 1.41(1.08-1.91)7¢ 1.39(0.63-2.03) "
LPC 18 : 0 30.30(23.70-52.00 ) 26.90(16.6-45.73 )" 31.95(20.03-45.18 )" 25.40(14.25-34.60 ) ™**

1 (note ) : vs BCLC— T 4 (BCLC- I group ), *P<0.05, *##P<0.01; vs BCLC- 1T 2 ( BCLC- I group ), &P<0.05, &&P<0.01; vs BCLC~III 2 ( BCLC-1II group ),

#P<0.05,

3 iFig

O 2 R R GRS A R, HRTE
RIER—T TN RS (a5 Bl R IRE 2R,
AP ] EE G FE T A A R SR 2 A VR 1 B A e A )
TR BEAEER R (nuclear magnetic resonance,
NMR ). S AH €5 3% — 57 1% 3K ] ( gas chromatography—
mass spectrometry, GC-MS ), B4 & HL UK — T iS¢ A
( capillary electrophoresis coupled to mass spectrometry,
CE-MS) J Lk HPLC-MS/MS ] i & H i {41 2% 43
BrEE AR A PI R SAE ", GC-MS KT LISk I F 25 9
PR A B S5 L (BB Bl 52 B R I 45
PN B 2 VAT R R BRI 5 CE-MS HAGE
FLEPPREA PR AT A2 5 NMR
HAT TS PG e S22 (] 1) 22 S 350 NI AR AR
FHREREAE ) s HPLC-MS/MS 386 FH #9A5 AA Fl
B R BAT i AR S R EURRAE , 2 H i
LSRN & | B L X T 7/ LR o 31 AN N 1| S i A
WY LPC 14 = 0~LPC 18 : 0 RINYBIRHAFE , H.
ARG K 15T HPLC-MS/MS $ A 5 fk 436l
HIT LPC W BUE B R AS DI

BTN ML REAS B 52 2R o0, AN B 50 0 R A i
11T B9 43 B R TR AL 3, LB AR A v e R Y B
P57 S 3 AS F) FL 5 1 D R0 A i 5 1 0 2R
fitt 0 AL A 7 ), B R I ) 22 8] ke A L T R

i) fe 26 28 TR I A 25 3R . PRSP i TN T 0.1%
BHT f) H B 35 00 A Rip AR 2], BHT A LA Bs 1k X
LPC 2% 5t v A1 158 i 077 B8 1) 4 A, i Y s 0
K 25 F0 O, RE BRI ¥ AR 1 ORI A UK
PR RE, B 2 1 B0 T B 25 AR AR A R g AR A
JoT o BT AL BHUIS 8) F58 0 AR A 3 A 3] v RO AH 0,3 A
H, B R 0.1% HIRR 25 m mol - L7 FIERER — 7K
VWA 0.19% W R — I 10 T5C L Bl i ] 17T 24
A8 FRIAEAS rh & T ) JB R AS ] 5 L O sl A Hh i
ik 2 AN TRJ T 296 I 5 0 0 OB, 30l 5 Tl €0 3 3 A )
FEA R 25 43 B AR T, 0 AS e SR A5 DU A A 17 4 2
45k .

SAATEREAI 43 B I W REAS B S AR A BT
OS5I FEASTE B T IR N B O LS . T
¢ T B APT 4000+ J5T 15 43, Turbo V™ B T+ I
X LPC 24 Joit () Ha, 125 45% =0 356 45 HLL 5 25 (electrospray
ionization, ESI) HL B, 5 TR0, RO &7, fL
FmEE RE LS R S A LPC KR4
BT O B AR O N T ) R AR e A
Ja AR R o AT R ] = E DU AT (triple
quadrupole mass spectrometry, TQMS ) Jit & 53§t %% 1)
22 JOW AR ( multi-reaction monitoring, MRM ) ik
P I, 3 A DU B AT 7E 2 8] b H K, BRE B 1
MFET 2 S8 febEtlm 4 T RBUE R
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BB 5 S5 LGS, 4 APT 4000+ JR% X AY 4
BHERA Analyst” BX0F53HT B 73 B 1A, 52 UE 43
BT 5 05 11 3 R B P61 Py 22

ELRR— B LPC 289 B AEAE 20 ) B 5 T
A B, 17 B4 LPC I AR ZS , 443780 2 i) 36 7]
DI B 5630, 350 28 ELIK LPC 2800 J5 14 4 X 52 Ha s o
TEXRMFME, AU HGEE, Ew A LPC 2
Yo BRI B B AR 3.2%, AR R
NI G S 1) VR JEE 29 7E 1-3 mg - mL™" { [l
U A RS F M, A DR S TR AL LPC
W) 1) e BE T PR 24 76 12~166 ol + L' A&
AIF 5 30 o Ak 3 D R e 3% 2 5O ol 3% 2% R 1 i
Ak, & H ST T HPLC-MS/MS #6135 & , 31 %%
FARF- G EREE AT IR, & e AR E M 2
il 0 AR 56 M B B0 AIE - AR R 5T LA A BER K Ry ik
Jo, e i AN [) 2 B B2 Y LPC 14 @ 0~LPC 18 : 0 5
THE A VRS VR, 38 3 B AN A R A T I A R
U TR T AR O 28, O 4 i A o 1h 2 R M AH OC &R
B, 453 R 5 AN H bR LPC 288 5t 52 0 e 75 F e
il v BE 22 18] B4 r 43 318 0.997 6.,0.999 2.,0.992 7,
0.998 0 F10.994 3, %J7E 0.99 L I AR, X LPC 14 : O~
LPC 18 : 0 &—Fh LPC Y Bl il 0 S1~S7 Hif 7 4
WP K4 7E TR L PN, U AT 9 57 1Y HPLC—
MS/MS -5 AT LA 2 A ILE 5 A~ H s LPC 245
FE A AR VO D T =K o KD R FR (LOD ) 45
LW, LPC 14 : 0~LPC 18 : 0 1 LOD 43 %Il 24 0.027.
0.12,0.32.0.059 F10.072 pg-mL™", =5 (S5) MK (S3)2
A FE K iR [l i A 06 25 R R, 5 4 LPC 26
T 0 4 o A LA AR PR K SRy 5 5T 1 v G 2 ANV UK
V- 34 B R LR, TR 85%~115% TN . AIK
e 1Y 8 MAEA 475 2 7, LPC 14 @ 0~LPC
18 0 5 AN J5 (1) °F- 15 [RDCF 43 3] S 96.3% . 99.9%
103.6% . 96.6% 1 100.0%, ] &b F 95%~105%
FEL A5 T o A B S S 4 Jo 1 7 287 0 R Tl i 3 4y
M 2 96.8%.99.1%.97.5% .93.8% F197.7%, &
95%~105% L E N, UEBHZ - 65 REA% LA 5 0 3
M LA BER 7K A T B B H AR AR .
AL 37 A 56 I Pk A TR [T S i 6 B s,
[] g R T 92 1 7E 85%~115% U [l 1N, 156 1 1% 3%
BYERERR A, 2 NG 52 /DN, 38 T 6 s
o EH AR AR 1) 5 AR AT o RS R A SRR
HPLC-MS/MS £ 5 lfi R A6z 46 T A% Hh o8 A 45 K5 %% B2

AL Ha i

(R BRI BE i vk BE UK OF | 5 A4S LPC 2S5 HAnd
5t RSD ¥/NT 15%.,

AW A A E R RS T — R E L
Tl 2 I PRAS I A I3 7 LPC 14 = O~LPC 18 : 0 54~
LPC 25W B HPLC-MS/MS V-6 , i& & Il AR HE .
5 g

AW 5L FH] HPLC-MS/MS - &, LA I SEAF
WHR Y, 2 B R RF U4 LPC 14 : 0~LPC 18 : 0 [
B 2 I A 2 E, PEAS RN SF & 2 2 T IR
LR PR IR, PEO EL oA T RORE 2 R e i TR
TR0 HE B 25 0T 8 R S ], e 2 D N T — R
FE O] HE A ALY T LPC 14 = 0~LPC
18 : 0 5/~ Hbr LPC 29 Jit iy K I °F- 15, 3 A I IR
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