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Quality markers screening of drug pair decoction of Bupleuri Radix and
Scutellariae Radix by UPLC-Q-Exactive Orbitrap-MS spectrum-effect correlation
technology and establishment of content determination method
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Abstract: Objective To screen the quality markers of Chaihu (Bupleuri Radix) and Huangqin (Scutellariae Radix) drug pair (BSDP)
decoction, and establish the UPLC content determination method of quality markers (Q-Marker). Methods UPLC-Q-Exactive
Orbitrap-MS was used to establish the fingerprint of BSDP decoction. The analysis was performed on a Thermo Scientific Hypersil
Gold Cis column (150 mm x 2.1 mm, 3 pm) by gradient elution, and the mobile phase consisted of acetonitrile and 0.1% formic acid
solution. Electron spray ionization was used, via positive ions scanning. The New Zealand rabbit model with Shaoyang fever
syndrome was established by LPS injection via ear vein. Taking temperature change value as antipyretic effect index, gray correlation
analysis was used to study the correlation between the common peaks in the fingerprints and the antipyretic effect to screen out the
components with greater correlation as quality markers for the antipyretic effect of BSDP decoction, and the contents determination

method for quality markers was established using UPLC. Results Eight quality markers related to the antipyretic effect of BSDP
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decoction were screened out: baicalin, wogonoside, oroxyloside, glychionide A, baicalein, wogonin, saikosaponin A and

saikosaponin C, and the content determination method of them was established. Conclusion The “spectrum-effect” correlation

research strategy based on UPLC-Q-Exactive Orbitrap-MS technology is an effective method for rapid analysis and preliminary

determination of antipyretic quality markers of BSDP. On the basis, the UPLC method established for content determination of the

eight quality markers is reliable and accurate. This study has important reference value for the in-depth research on quality control of

the compound preparation containing BSDP.

Key words: spectrum-effect correlation; quality markers; UPLC-Q-Exactive Orbitrap-MS; drug pair of Bupleuri Radix and

Scutellariae Radix; fingerprint; baicalin; wogonoside; oroxyloside; glychionide A; baicalein; wogonin; saikosaponin A; saikosaponin C
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PRI RGO R o CREEJTFRIRFREHL) L)
SOEAEEZMA 657 B, YFEZINH RS I K
B RCTT R, 2 USRI NS SRR AR
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IE>98%) 2 B R -7-O-H G WEIE IR (4t
5 PS1717-0010, FiE5rH0>95%) XI5 T B
BB R AR AR . O FEE. FEE,
iR EmAARIA R AR, tulkal; A KON
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R ERE TR ARAT, BElRE PES
W 25 IR SRR AL R, 0 T
BHEHH B EY AL SE ] Bupleurum chinense DC.FIJE
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14 SEEEN
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IE5: SCXK () 20150001, sl KA
B 24 RS0 T 9T B sh ) S 6 A0 /A PR D it
#E, HHECS SYXK () 2018-0013.
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Table 1 Uniform design U1o(5* x 2') of BSDP compatibility

RIS Ll EEg | RS il g
SI 12(1) 303) | s6  483) 404
2 12(1) S05) | ST 66 10()
S3 3002 202) | S8 66(4) 404
S4 302 S05) | SO 805 10
S5 483) 202 | S0 805 3003)

R P RORFIEIEH. B, A
FrEE 1 10 K, IN#VERRSRE 2 K, BK 1 h.
KSR IETS, JEVR G I, €A% 200 mL. H Ut
3 1~10 SLEE AN ig Bl LA 70 kg B HIlf
IR Zig, &SGR 200 mLX0.07/1.5 kg~
9.3 mL/kg. HIULA 1~10 SLEEZRT ig BRIV
22 HIXRBRH &

B 1~10 5488 255 ig B, ks s s 1
mL BOE T 25 mL &), 0 70%HEE 20 mL, @
A ALFE (250 WL 40 kHz) 30 min, €%, 4 0.45 um
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PSR LY 82 ng/mL. A EK 192 pg/mL. X R
50.2 ug/mL. SEHH 2 A 33 ug/mL. SEHH 2T C 18.6
ug/mL [FIVRA X HE A 25T

2.4 @IEFMBRIL &G

% Thermo Scientific Cis 8 if#: (150 mm X
2.1 mm, 3 pm), LAZAE-0.1%FER/KETRC AT B,
BAEEVEG: 0~2.0 min, 10%~13%Z}E;: 2.0~6.3
min, 13%~20%Z. /15 ; 6.3~8.4 min, 20%Z.J1§; 8.4~
12.6 min, 20%~23%ZfiE: 12.6~18.9 min, 23%~
25%Z.ME; 18.9~23.1 min, 25%~30%Z1E; 23.1~
27.3 min, 30%~37%Z.MiE; 27.3~33.6 min, 37%.
i: 33.6~34.0 min, 37%~40%ZE; 34.0~46.2
min, 40%~65%Z.fiE; 46.2~50.0 min, 65%~85%
25 AR E 0.3 mL/min; FME K 210 nm; A
I35 C; #FEE 1 L.

ol B YR D N AR 55 B SR (HESD), R
MIEEFEAER, B REafEE mz 90~
1350, #Z#E% 70 000. W% HEIE 3.0kV, B
HiE 30, 40, 60kV, #§ S (N fAFRIFE 40 arb,
B (N AFUR & 15 arb, BAIEIRE 350 C;
BN INFESIRE 250 C; S-Lens RF HLJE/KF 50%.
2.5 LHEAIFRI/R UPLC-Q-Exactive Orbitrap
MS e 4 EE & L

B 1~10 S5 2 ks, 4% “2.37 Il
75123347 UPLC-Q-Exactive Orbitrap-MS 7347 . 73
FIPEHUEE RN AR 10 ANMARECHR RS
20 A A S Fi B (total ion chromatography,
TIC), WK 1. A (25 o B LR o7
M RGE) (2012 i) Xt 10 SERTH EE 34T 40 B ik
FENERIE R e B RHE R
[P NI, FATIEIEDCRL S, JEhRiC 40 MEA
g, DL 2. JEI S0t RE S OR B N R] AR B DA K %
B RS R RERAT AL, WP
HEM L AT RERIIL 22 Ry BB WIFI S 2, 7
B A5 BT SE B 10 SR TR 2 E R
PEL 24 h FE MESLIO S iR 8, SR A UK,
5 TSI 56 HR H A U R B B[R] R T AR RSD B 3 /T
3%, 3B EE T I S5 3 24 X BT ) UPLC-Q-Exactive
Orbitrap-MS fi& LK1 77 & RIS,
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1 10 HAEEALEFRAXT AR UPLC-MS 158 &l (EEFER)
Fig.1 UPLC-MS fingerprints of 10 batches of BSDP decoction (positive ions mode)
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Fig.2 Common peak of UPLC-MS fingerprints of 10 batches of BSDP decoction
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fih AR -

P HEARIREELE 38.7~39.5 CHIRR 6
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AAAE AT (AT= Y5 AR — FEat R, sk
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B i, PER e, ISR, fFE /R
UERILUO, 4.5 h 7] LUASE] AT HKME, 2 G ARIETF
R, F 6.5 h PRIREAR, BN IER KRS, 2
JEARIR TS, B AT KT ATus ne PGSR
ATy s 0 VE NS 2G5 RN 3 HF -
2.7 KEA SR = RARAIER

WP H IR A ELE 38.7~39.5 CHIFK f, S
BOHT 12 h ZEEASIK . BENLS F IR, B4
SevidH, 6 R BIBIZHRNSEEE % 0.25 mL/kg
HZHNKES LPS, XFHEZH$% 0.25 mL/kg H-Z ik
SRR K. ERE 1 h e, SERARERGNR ig
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Fig. 3  Temperature change curve of LPS induced
hyperthermal New Zealand rabbit model (X £ s, n =6)
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S1~S10 SHVIIERA L 240 EE, ERSE 4.5h
PRI ANER 2 s
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Fig. 4 AT change curves of the normal, model and CH-10
group (Xt s,n=26)

R2 12 HTWHIERG 4.5h FETWR (X£s,n=6)
Table 2 ATss5 n of 12 groups of experimental animals
(Xts,n=6)

2251 To/C Tasw/C AT451/C
W 39.42+40.15 39.82+0.88 1.40£0.83
R 39.20£0.19 41.9540.40" 2.754+1.02
S1 39.2640.30 41344051 2.08+0.45
S2 39.40+0.13 41.06+0.52" 1.66+0.45"
S3 39.1440.26 4136+0.44%  222+0.43"
S4 39.4740.19 41564036  2.09+0.34%
S5 39.35+0.33 40.9240.45% 1.57+0.39*
S6 39.3340.23 41.2140.54% 1.98+0.70*
S7 39.3840.10 40.9340.60% 1.55+0.64
S8 39.4240.19 40.8840.72% 1.46+0.68"
S9 39.3540.15 40.8740.88% 1.52+0.73*
S10 39.4240.12 40.7940.70% 1.37+0.62"

LXTHA L TP<<0.05; SEUHANE: *P<0.05
*P < 0.05 vs normal group; *P < 0.05 vs model group

ARVE N A, 184k xdk), k=1, 2, 3, -,
10; i=1, 2, 3, =, 40, 3L 40 MHEFI. KA
BB E 57 IR 275 7 51 R0 8% LU S AT
TEPMALEE . 3% N EEA BT Y 5 2
FFHIN TG P RERRE (R p=0.5).
k)= [miin mgn\xO(k) —xi(k)|+ p-max m%x|xo(k) —xi(k)|)/

[peo(k) —xi(k)|+ p-max m?X|xo(k) —xi(k)|]
Htk, BPRI T SEREANRRE I 5 A AR bR 1 DGR
E ( r(]i) {7 o

16
o= Y G(k)/16
k=1

S, SRR OCEE 10,=0.865 (40
AW T AR A B 5 25 B8O BE I A7 30
1] 22 /MR I K L BT AR AL 2 A3 HE U B an 3R 3
B RIBCEERUE RS, U2 RH IR 5 245 35 bn
IR USRS ORHRIE r0=>0.8 B, RKEIEAELE
AR R I 22 A 5 2 B AR bR ORISR 2
r0i=0.9 I, R ARSI 5 o 5 25 B AR bR
RIPEAER RUO, b rT WL, B BT
TEU4E A-T-O-H G FERE IR . 7,2- 72 JE-8-F 4
S A-5-O-H A FERE R T . X I % 2 -7-0- /i 4
VRIS . SEt B A 5583 2 RN 3 VA
Ko WEWR 1. 5,2- 0 5E-8-F S KL mlid-7-0-4
HPEEIR T . WEWR 1-5-0- AR . A%
K -6-C-B-D- %) 5 -8-C-a-L-Fil P AL BEE I FE S R
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®3 SRR RURIE-SOCERE AT R AR AL ST HHR

Table 3 Spectrum-effect analysis and identification of antipyretic components

IS m/min  ro L% BEE TET SCHR
2 715 0881 AME-6-C-o-L-BHifAHE-8-C-p-D- & FEFF 549.159 43 531.143 36 18
3 7.60 0883 EEEIF 463.086 65 287.071 81, 169.017 59 19
4 797 0.886 EWME-6-C-B-D-%iHE-8-C-a-L-FTHiff BEE 549.160 50 531.143 36 18
5 833 0879 AWE-6-C-B-L-FIHiiHNE-8-C-p-D-H & i 549.160 46 531.143 36 18
7 886 0871 HAWE-6-C-B-D-H%Hi-8-C-p-L-Fl f e piits 549.160 57 531.143 36 18
10 10.54 0.884 4-FZHENHEEH 477.101 82 301.071 08, 286.059 75, 269.045 50 20
12 13.02 0930 EEH" 447.091 23 271.060 10, 169.017 59 21
13 1448 0877 “HAEETH 449.106 53 273.088 17 20
14 1535 0897 EFPEHR-T-O-H G PR ™ 447.092 91 271.060 10, 169.017 59 21
16 16.14 0.889 5,6,7-=34%-8-F IR E-7-0- W &I WIBEIR T 477.10195 301.071 08, 286.059 75, 269.045 50 22
17 17.03 0902 T/Z4%% A-7-O-%i % BERE R 461.106 41 285.075 85, 270.042 62, 186.014 23 21
18 1771 0901 5,7,2-=§24-6-F A S EM-7-0- M A MR H  477.101 95 301.071 08, 286.059 75, 269.045 50 21
19 19.17 0.907 PELH" 461.106 41 285.075 75,270.042 62 21
20 1991 0.888 5,7-334k-6,8- AR HE-7-O- M G BB 491.117 87 315.102 88, 285.030 46, 198.061 47 23
21 2116 0878 WHXH Rk 461.106 39 285.075 75, 270.042 62 21
23 2405 0865 HEX' 271.060 24 253.050 46, 169.017 59, 103.051 41 21
26 2922 0.865 LEHIRF C 927.533 45 909.522 31, 763.458 66, 745.428 83, 601.390 63, 24
42133322
27 3027 0877 WELER 285.07543 270.052 78 21
28 3096 0.893 HEHEI 315.086 08 300.063 49, 285.030 46, 198.070 05 25
29 3162 0870 EWEHEI 375.108 43 360.083 23, 345.051 31, 227.052 82 21
30 3356 0.895 LEHIEIF A 781.47226 763.458 66, 601.390 63, 455.337 68, 43732791 26
39 4029 0.874 N"-O-ZBEIELEMIRTF A 823.483 47 805.478 83,455.337 68,437.32791,419.31778 24
" 5500 Rk LR i

* Compare with reference substance to determine

AR I SRR C. BRGNS R
A BRI R . 56 SCHRFP X SEHH . I
PR IEVERC D FIRIE, MAFERERHAETER . AT
M8 AN Tr: WA DUEHH. TRAEK A-7-0-
HEPEREIR Y . EH DR R-T-O-H G R IR
SEEHEE AL DOEE R SEHET C. mEREAN
LR 255 iR Q-Markers
2.9 f#H Q-Marker HIEEME

7E EiR Q-Marker 4]0 i ik 2L Ak |, K H
UPLC 57 [A] I i S 5 24 00 B h 3558 . U3
K. TREAE A-7T-O-H A FERERR T 25 DS
R-T-O-Hi B PEIETR T . B R DUEE R SEHE
AL SEHET C 3L 8 Pl B . il
TEVBURR 0T HEL ot i 2% Y AT 1) 28 TV A il L “2.27 A
“2.37 TR HAREDR, k&R “2.47 TR AT,

BEREEN 15 pl, AEdh. TS XTI G i b 45
K5,

29.1 AMEXRRMERMRELR  7hilksE &R
GGG OE R, WIEBAMBEER, TBl—
R o SR B o BRI, % BB ek 2 A
BERE AT, IO THAN . DA RS2 D B VR B
BAAAR (X0 UETIARE NN ALAR (YD 2l bt
Ao fER, 8 AMFIN RS CEA I 5T B FE Y e A 2k
PERRRLE, r KT 0999 0. 4 5 5E &% 21
I EMELL ((E M LE R 10 B (15 R B T e =B,
HERRINEST Y=7.430 6 X—4.280 8, r=
0.999 4, ZEPEVER 121.8~1 218.0 pg/mL, E&ER
1.218 ug/mL; IHEXIF Y=4.4812X—0.1832, r=
0.999 5, Z&PEVEH 31.8~318.0 ug/mL, & &R 1.059
ug/mL; TEACEK A-7-O-H EPEREIR T Y=2.163 4
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o L
NN 5
I — A 6 78
e Sl illaaian T
t/min
I-HEH 2-EHNEZSR-7-0-H A HBERET 3-TERE

A-T-O- M EHEREIR T 4-DUEET 5-HEFR 652 C
T-XHE R 8-LEHIEH A
2-glychionide A
S-baicalein  6-saikosaponin C  7-wogonin 8-saikosaponin A
5 RAMB®E (A) REALGIRLR (B) #) UPLC
Fig. 5 UPLC of mixed reference substances (A) and BSDP
decoction (B)

X+3.954 7, r=0.999 7, LMIEHE 15.9~159.0
pug/mL, TEFMR 0.795 ug/mL; ZHFNEEEK-T-0-
A FERS R Y Y=1.469 8 X—0.856 9, =0.999 4,

LR MEVEF] 8.2~82.0 ug/mL, EEIR 1.025 pg/mL;

WA Y=1.3872X4+09728, r=0.999 3, £y
19.2~192.0 pg/mL, E&EFR 1.920 pg/mL; N H
XEK Y=09762X—0.8123, r=0.999 1, £k{ti5H]
5.02~50.2 pg/mL, ERMR 1.004 pg/mL; L2
A Y=0.152 7 X+0.002 1, »=0.999 1, ZM:7EHE
3.3~33.0 pg/mL, E &R 0.413 pg/mL; 2EiHEE C
Y=0.1052 X+0.013 6, ¥=0.999 2, £k 5 HE 1.86~
18.6 pg/mL, JE &R 0.186 pg/mL.

2.9.2 FEEEEEL RSEWE “2.9.17 BUR[E-—R
A0TSR, SESEIE 6 R, 0SSR R A3 1)
WETAN, 15 RSD, ZERFEXSH. WHEH. T2
ARZF A-T-O-F B FERERRTY « 2 DU A 25-7-0- 1 &
PR T . . DURE R SR AL 589
B C U AR P RSD 73318 0.64%-0.87%10.92%
0.76%- 0.56%- 0.77%-+ 0.97%-. 0.69%, &45iHFEM
A NG B FERT Bl e 2K

293 EHEEMEEE A 10 SLEE LN EN 6 4, 4
Al “2.27 WUR J7 &R RO E

THE & o BB IR FE S RSD, G SR AH . I
WA, TRERER A-T-O-HEMBRE . ZH IR
HR-T-O-HE PR . mE R DS R 5
BH AL Y C MBREWRE SN 20505,

3.465. 2.895. 1.080. 2.055. 0.675. 0.521. 0.243

1-baicalin 3-oroxyloside 4-wogonoside

mg/mL, RSD 43514 1.06%- 1.27%- 1.13%- 0.95%-
1.23%. 1.07%- 1.18%. 1.02%, FHiZHiEEEM
R4t
294 fREMFEE W EREEM 1 SHER, 50
F 0. 2. 4. 8. 12, 24 h FFEAHT, AS[EII[A] 5%
R Ry 58 DUEE . TE40ER A-7-0- 1 4
VEBSFRTT . 22 %K -7-O- R G MR SRR 1 . 9%
. DUES R, SR AL SRR T C gAY
RSD 434 0.86%- 0.98%- 1.09%-. 1.48%-+ 1.22%-
1.17%+ 1.33%- 1.54%, VOB SIEWAE 24 h N
et R
2.9.5 nFEEERRLE R ER 0.5 mL 10 55
BEZNTRTAT 25 mL B, RIS 250 1|
nn iR GV, F& “2.27 BT J7iAS A A
PATERAE 6 s THES AR R A [ i K
RSD. ZERmEEH. WHEEH .. TEARER A-7-0-Hi
EIFEREIR T . EHDOEE R-T-O-H B PSR T . 3%
. POEE R BB AL SR C nFE
[R5 A 99.77% 99.01%- 99.23%. 100.87%-
98.72%- 102.21%- 97.39%-. 96.68%, RSD %3N
1.34%+1.57%- 1.39%- 1.07% 2.13%- 1.89%+2.27%-
1.98%, FHHIZITVEXS 8 FRAFM AR 7 B 22 RIS
L5§/Sas
210 AEFELEAFRLE Q-Marker S =ME

B 1~10 S A 20 i Vsl SR “2.47
WiF a2 2F, e EEMAA Q-Marker &K
FE, ¥ N R AR Q-Marker 78 SRR 2554 T i)
R, ZERILER 4. nDUR RS RC A A SE i &
P3G, B R o) B 2B =, H T
KR RUHZR BN EES, TSR E A RS
EE) T, BUHRINA P e, SRR E C AR
R, A — DT

R R = Ry b 3R Q-Marker )57 &/ IE 2584 1 1)

p=i
e

3 g

Q-Marker ME& 42 H A 25 J 45 K 142 =
e THEARTT M TEASE R SR 2 e e
ROMEAHOCHERE b, 3 R 24 R m ] B BR R R
N EAEHAES, fEm TR AR B ATt
FPAIEYE, X2 R A EEE . AL
Tk R -2 R DR IR T SR WS R 2R T S B 24 %o A
Q-Marker, K453 250 R AL 52 o i id i v
T B HAR AL RO AT A RO ORER, MBI
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F4 TEEMEAAINRIR Q-Marker FIHEMUE (n=2)
Table 4 Decocting rates of quality markers in different compatibility (n = 2)
R /%
FE i %ﬁﬂ/jfg e TRIREK A-T-0- % Eﬁilﬁ-&;;% e o ases B A s
AR WEH DOEEH - WER NHEER EHETA SENEEC
S1 12/30 10.48 1.79 1.56 0.66 1.89 0.59 0.17 0.13
S2 12/50 10.79 1.67 1.23 0.57 1.97 0.61 0.20 0.09
S3 30/20 11.04 2.12 1.70 0.74 1.90 0.56 0.12 0.15
S4 30/50 10.97 1.96 1.33 0.68 1.73 0.49 0.14 0.13
S5 48/20 11.89 227 2.07 0.73 1.57 0.52 0.09 0.08
S6 48/40 12.06 2.01 1.74 0.56 1.50 0.58 0.11 0.11
S7 66/10 13.88 3.13 2.60 1.04 1.23 0.33 0.09 0.05
S8 66/40 12.74 2.07 1.75 0.87 1.29 0.37 0.10 0.05
S9 80/10 12.96 2.89 2.50 0.91 1.33 0.43 0.08 0.09
S10 80/30 13.67 231 1.93 0.72 1.37 0.45 0.13 0.06

22 NMERBURS (r0i=0.865). HH, ZAEASTEXL
TR AR A T I AR AT R AR . S B 2 AR
PR 2T, S B A R C R RIS
Jis B 4E i RAEAT BLRT AU IR R Eo & AIAEAE
VU Js B FRURE TR BE A Rt A ml ol I P i i
cAMP FI'F FEfili PKA & &, S ARIRFERRs, 35
T DU S R TUAE AR AR O R 7T
FAEY), FLRIRIEMRRBTRAE 2300, a5
AR WS R LLEE A R A D04
TR ARHE R B, T2A0E A a0 % e s
T NF-«B 145 & FE S0, ] iINOS A COX-2
(R 2IR02, 25 B 31 A BRI BT N 35 R0
PEBOL, R, R HARFAE AT I, R B
PR S, TIEHRE A-T-O-F & IR . 2H W
TE K -T-O- M EFERE TR L 2850 27 AL DUEE R
SEEHRTT C. A RIX 8 P E SR T 20 B
(1) 322 Q-Marker. SEEIER T | 8 AN EE Q-Marker
) UPLC & &5 J7v8, ik uErfy a5, Faenl17,
TEAFEEMAHET, Q-Marker & &AM, HmH
M FAE—E £ 7. UIEHT) 8 4~ Q-Marker
FRFR R AT SRR TT R SR, A T
R EbR i, E— @R LR T “MERTIR” A7
FERIAN AL, ST S 701 5T s v 1 2 1 B A

A HHBRAE T 25 52 AR R 2 R 2 -
RO G FE R St 1 EE 22 5L Al . UPLC-Q-Exactive
Orbitrap-MS & —Ff G PR s - HERf Hb 7347« 503 H 24
oA ST-B, A s e R, U

HIE B T 24 520K A0 2 1 1R E 1 e B0 331
AWFFF A UPLC-Q-Exactive Orbitrap-MS $ A ]
DA G 4 THI ) S B S 3 206 B BOAG 7 B 7 o 6
e IE A A U I, AR 5, BT
BEAAEER A, ik, N PLIE S 5
TN RURFR UG . DLARSURIE i g T I AR AR
NETETER, B2 T REAN ARG, A
B B TR M Z S RIS R B 3R E, &
o TG B A AL B AT R RO O b . SREREE T
0.865 [1) o VE R fif 4 32 B2 08 o EAT I 1R 0
ZHEEE N E RS TR 5 A AT M+
HI'8i[M~+Nal*, VLEBSR 1~3 AR SE KoK 7rT
R B PRSI E 80N — i, S
st BROCHR BT H0HE Eont,  mlak B PR R i B .
PG IE 2 BERbR IR 2 “ - K7 R SE
TR O e R . AP SR SRR 20 R 24288, A
BHIER E IR “ IR L/ BHIE BT P 22
T AR LPS MENAMEMESHE, #EAEN,
BB A S 20, BRI SER CanE 2
IR IRER - TS, (R TR AT i~
Feii, AEHA AR RCR A T (RTZIIRER BED 1
RS, FEREPRA SR — RV RIE/R N . K
F LPS Bk 5 i 7 V0G5, H B AR RAiE
Ry FFE/DFHUERIABY, T 538 245 060 2 25 O fif 4
TER . MRTINZE R KE, ATas n AT LA R SOV A
IF) AT S B 25 0 R R A2 22 e o DAL LA
REEE VI RFAG AR, BT RS R M A 3
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* 1991 -

% Q-Marker 9%

S SR F BT ST UPLC &5 &l 5E 7 92200 5E AN

[ AT FH 2 S8 5 I 32 22 Q-Marker )85 &, K

PO R AL 2 i B SE S T S 3G, I R

Thisr, T REA KDY S A ) LK A A A PR

73, (A SR B R T VAR A R T B

KYBHEL, 5 ES RN BT SR A

AR RS E , X PTRERSEHT . 5 IOAR N FH )

Yosi A, BARBI AR FUERA 15k — D IR R AT AT
g5 bRk, ASY R T UPLC-Q-Exactive

Orbitrap-MS ] “i%-2” HH I 7T A0S PLidk 7317 HF:

fiE T 4838 250 Q-Marker, 7E LAY 2 7 485 24

Xf 2 Q-Marker &5 5E J7iE, T ILALSE KT

HFIH BT E IR R A R R E RS ENE, BN

e 245 1) 771 ) o DA KPR SR T B AR SR
RBAHR PTAEH P RARALEA TR
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