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Abstract: To analyze the chemical profile of Radix Bupleuri-Radix Paeoniae Alba in the serum, after oral
absorption of the herbal pair, we used UPLC-QE-Orbitrap-MS technique and Compound Discover 2.0 software to
compare the components in the extracts, and drug-containing serum. The map, based on the precise molecular
weight and secondary fragment information given by the mass spectrometry, combined with the reference substance
and reference information for, finding the chemical components in the blood after oral administration of the herbal
pair in the rats. Animal experimentation was approved according to the Committee on the Ethics of Animal Experi-
ments of Shanxi University. The results showed that a total of 55 components were detected in the serum, of which
16 were prototype components and 39 were metabolites of prototype components. UPLC-QE-Orbitrap-MS allows
quick, accurate and comprehensive analysis of the blood components of the herb pair after oral administration. This
preliminary study of the chemical components in the blood after herb pair ingestion provides a basis for the subse-
quent research on the pharmacodynamics and drug-drug interactions.
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Figure 1 Base peak current chromatogram in positive (A-C) and negative (D-F) ion mode. A, C: Drug-couple; B, E: Serum after adminis-

tration; C, F: Blank serum; Peak 1-16 is the prototype of the drug into the blood, corresponding to the serial number in Table 1
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Table 1  Analysis results for migrating constituents of drug-couple absorbed into blood. RB: Radix Bupleuri; RPA: Radix Paeoniae Alba
No. t/min Identification Formula Ton mode m/z Fragment ion (m/z) RB RPA

1 1.25 Desbenzoylpaeoniflorin C,H,,0,, [M+HCOO]  421.1354 375.1299, 345.119 4, 165.055 2 - +
2 1.94  Glucopyranosyl-paeonisuffrone C,H,,0, [M+HCOO] 405.140 8 359.1351,197.081 7, 179.070 9 - +
3 4.65 Glucopyranosyl-lactinolide C,.H,,0,, [M-HJ 407.1563 361.150 9, 339.896 5, 271.907 3 -+
4 5.26 Mudanpioside F CH,,0y [M+HCOO]  389.1458 343.1402,181.086 7, 151.0759 - +
5 5.41 Methyl gallate C.H,O, [M-H] 183.029 6  168.006 0, 124.015 9 - +
6 8.11 Oxypaconiflora C,,H,;0,, [M-H] 495.1512 465.141 5,333.097 1, 165.055 1, 137.023 8 - +
7 1226 Albiflorin C,,H,;0,, [M+HCOO]  525.1619 479.156 3,283.082 3, 121.028 8 - +
8 13.81 Paeoniflorin C,;H,;0,, [M+HCOO]  525.161 6 479.156 6,449.1457,121.028 8 - +
9 30.51 Dimethyl-ellagic acid CI(,H,OO8 [M-H] 329.0306 314.006 9, 298.983 6, 270.988 6 - +
10 3327 SSc C,sH,0,, [M+HCOO] 9715223 925.5169,779.459 3, 617.406 0 + -
11 3483 SSa C,HiO;  [M+Na] 803.4550 331.099 9, 203.052 8 + -
12 3542 SSb, C,HO,; [M+Nal* 803.4553 331.099 5,273.094 9, 203.053 1 + -
13 36.30 Acetyl-SSa C,H,0, [M+HCOO] 867.4770 821.4700, 779.459 4, 617.406 6 + -
14 3673 SSd C,HO, [M+Na] 803.4556 331.1003,203.052 8 + -
15 37.62 Acetyl-SSb, C,H,0,, [M+HCOO]  867.4754 821.4699,779.4599,761.4481,617.4072 + -
16 38.23 Acetyl-SSd C,H, 0, [M+HCOO]  867.4756 821.469 8,779.4590,761.449 5 + -

Table 2 Analysis results of metabolites in vivo. SSa: Saikosaponin A; SSb,: Saikosaponin B,; SSd: Saikosaponin D; SSc: Saikosaponin C

No. t/min Identification Formula Ion mode m/z Fragment ion (m/z) Parent

M1 9.26 Methylcatechin-5-O-glucuronide C,,H,,0,, [M-H] 479.120 5 479.120 5 Catechin

M2 7.80 4-Hydroxy phenylpropionic acid sulfate CH,,0,S [M-H] 245.0125 165.0552,121.065 1 Catechin

M3 8.54 3-Hydroxy phenylpropionic acid sulfate CH,,0,S [M-H] 245.0125 165.0552,121.065 1 Catechin

M4 7.59 3-Hydroxy-methoxyl phenylpropionic acid  C (H,,0,S [M-H] 275.0234 195.066 0, 136.052 4, 151.0753 Catechin
sulfate

M5  11.28 4-Hydroxy phenylacetic acid suflate CH,O,S [M-H] 230.998 3 230.998 3 Catechin

M6 5.60 Hydroxy-methoxyphenylacetic acid suflate C,H,,0,S [M-H] 261.0124 137.060 3 Catechin

M7 2.63 Protocatechuic acid-4-O-sulfate C,HO,S [M-H] 2329760 153.0551 Catechin

M8 6.05 3-Hydroxy-4-methoxyl-benzoic acid sulfate CH,O,S [M-H] 246.9917 167.0345,152.0109 Catechin

M9 5.39 Methylgallic acid C,H,Oj4 [M-H] 183.0319 168.0102 Gallic acid

MI10 9.06 Methylgallic acid glucuronide C,H,0, [M-H] 359.1351 183.0294,175.0245 Gallic acid

MI1 4.07 Methylgallic acid sulfate CH,O,S [M-H] 262.986 6 183.029 4, 168.005 8 Gallic acid

MI12 18.64 3,4-Di-O-methyl gallic acid sulfate CH,, 0, [M-H] 277.0023 197.0452,181.8972 Gallic acid

MI13  2.34 Pyrogallol glucuronide C,H,,0, [M-H] 301.056 5 175.024 3, 125.023 6, 113.023 5 Gallic acid

M14 10.47 Pyrogallol sulfate CHO,S [M-H] 205.1079 125.8724 Gallic acid

M15 297 Methylpyrogallol sulfate C,H,O,S [M-H] 218.993 3 203.976 8, 139.039 4, 124.0159  Gallic acid

M16 2.22 Methylpyrogallol-glucuronide C,H,,0, [M-H] 315.0725 175.024 2, 139.039 4 Gallic acid

M17 18.20 Paeonimetabolin I CH,,0, [M-H] 197.081 5 153.091 4, 83.049 3 Paeoniflorin

M18 25.18 Paeonimetabolin II CH,0, [M-H] 199.0974 181.086 9, 162.838 5, 137.096 5 Paeoniflorin

M19 10.19 Paeonimetabolin I glucuronide isomer CH,0,, [M-H] 373.0779 197.045 3, 175.024 9 Paeoniflorin

M20 32.86 C,H,,0O;sulfate C,,H,;O,S [M-H] 261.001 1 181.047 7 Paeoniflorin

M21 228 C,H0, glucuronide C,H,0,, [M-H] 377.1457 359.136 1,174.9557,193.0350 Paeoniflorin

M22 3429 Prosaikogenin F C,H;;0y  [M+HCOO]  663.4124 617.369 7,455.317 1 SSa

M23 35.84 Prosaikogenin D C,H;;0;  [M+HCOO] 663.4125 617.4059,356.676 4 SSb,

M24 38.16 Prosaikogenin G C,H;, Oy  [M+HCOO]  663.4123 617.4019,569.729 1 SSd

M25 3593 Saikogenin E C, H, O, [M-H,0+H]" 439.3570 421.346 3, 409.3439,391.3359 SSc

M26 30.03 Saikogenin F C, H, O, [M-H,0+H]" 4553152 437.3053,425.201 5,419.2942 SSa

M27 33.16 Saikogenin D C, H, O, [M-H,0+H]" 4553309 437.3418,419.3319, SSb,

M28 36.52 Saikogenin G C,,H,O, [M-H,0+H]" 455.358 8 437.302 3,425.343 5,407.3340 SSd

M29 32.70 Hydroxy-saikogenin F C, H,O; [M-H,0+H]" 471.3471 453.3365,435.3259,423.3260 SSa

M30 29.93 Dihydroxyl-dehydrogenation-saikogenin ' C; H,,O, [M-H,O+H]" 485.326 1 467.3159,455.3151,449.3058 SSa

M31 36.34 Hydroxyl-dehydrogenation-saikogenin F C,)H,Os; [M-H,O0+H]" 469.3315 451.3214,433.309 6,421.3095 SSa

M32 32.11 Dihydroxyl-saikogenin F C, H, Oy [M-H,0+H]" 487.2878 469.275 8, 451.3226,433.3176 SSa

M33 31.60 Trihydroxyl-dehydrogenation-saikogenin F C, H,,O, [M-H,O+H]" 501.3216 483.311 4,465.2972,447.2935 SSa

M34 38.07 Hydroxy-saikogenin E C, H,O, [M-H,0+H]" 4553523 437.3423,419.3313,407.3318 SSc

M35 36.32 Dihydroxyl-dehydrogenation-saikogenin E ~ C,;)H,;O; [M-H,O+H]" 469.3322 451.3209,439.3228,421.3099 SSc

M36 36.96 Hydroxyl-dehydrogenation-saikogenin E C,)H, O, [M-H,O+H]" 453.3365 435.3263,405.3128,389.1891 SSc

M37 33.75 Dihydroxyl-saikogenin E C, H, 05  [M-H,O+H]" 471.3472 453.336 5, 435.327 2,405.3178 SSc

M38 30.79 Trihydroxyl-dehydrogenation-saikogenin E  C,H,,O; [M-H,O+H]" 4853270 467.3159,455.3151,449.3057 SSc

M39 29.79 Trihydroxyl-saikogenin E C,,H, O, [M-H,O+H]" 487.3490 469.338 0,451.3279,433.3176 SSc
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Figure 2 MS spectra of peak 8 and paeoniflorin standard
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U m/z 821.470 2 55 m/z 779.459 6 Z 6] 2k T 42 Da, I
F R —4rF CH,0, #HEMIL AP0 13 9 5480 21 1) L1
= G5 546 16 7E 4% B 1) 18] 37.62 A1
38.23 min i, 54k AW 131 & R MR . HOR
P OR B I 1R) 5 SCHRAE B0, B A 13 i E I 1s 5
A6 %52 N O TRALSEHA B H a. L THAL S8 #H 21
b, LK LA B do (H BAREE &AL IR .

HANMEM1I354, 6B FREEUL
RV TE 43 ) 45 78 O 25 28 F 86 AT 24 1 L glucopyranosyl-
lactinolide DA Sz 4 P} 4 Fo
1.2 REZO @i LS AT 25 5 R B
5 & 250035 DL K S [ LIS s i, R 394
1A A HE IRLAE 25 24 138 1 o R, HEDX L
Fh Ak & W mT BE R S — AT 25 %68 HR Y 1 A FE AR A 1)
U=, TS HLBEAT T 48N Hr, B AL A3 o0 AR 344
UbSL R EER ISR

REHIMO R B I E] N 5.39 min, 7 6 B TR
N, A E T8 m/z 183.029 3 m/z 168.005 9 LL K m/z
124.018 8, Hr i 73 & 1 U m/z 183.029 3 [M-H] #H
Et T 1 F m/z 168.005 9 [M—CH,~H] £ %% 1 15 Da, 2
N ER T —A CHy, HEMZAL A W02 AN JFE TR B H
FACII P21, 4 B2 0 B R R R AT AR R B g
m/z 124.018 8, 1% 2 U6 2 W5 8 T IR 2 I RR1E 7= 40,
X 5 SCHRROE 1B TR F S AL T 1 5 T A AR
Wy 09 BOR M — R 5 SRS BB AR M9 %
SE N IR B TR, E T A o ER R A v A A AR
(=

RGP M0 LR B B 7] 9 9.06 min, Ft 85+ 15X
N ERHED T T m~z 359.135 3 [M-H], A E
T4 m/z 183.029 0.m/z 168.006 8 LA [ m/z 124.015 8,
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XEMEMHERE TR %, MED T8 mz
359.135 3 FH L #E F 25 F m/z 183.029 034 i1 T 176 Da,
PEIRIGIN T — A CH Oy, KA T 1 4 W s R 4K S b7,
HACKS AR T 4 MO ffy 5 S FF A 8 1 R T 6 0 I TR 1L
=)

REFPIMIT R B B[] 4.07 min, 5157520
T B IRMES T B T 08 m/z 262.986 8 [M-H] -, /X4
MI11 5 17 78 m/z 183.028 0. m/z 168.005 8 LA & m/z
124.015 6 FIHFAE T, #ES> T 55+ m/z 262.986 8 fH L
T m/z 183.028 04 i1 T 80 Da, /R kK4 T Wi iR R 1L
S L, HOE AR ML 8 D R B T B T R R b
/B

REFPIMIT AR 18.19 min, 715 T4
WS> T B T m/z 197.081 5 [M-H], — 25 i+
iR, HE B R B m/z 153.091 4.m/z 138.071 0
FHED T B0 0k % — 531 CO,. CO,+CH, J&5 TE Bk
R, dE I LA AT R R 5 SRR B S, 0 v AR
MIMIT AT EAARU R T .

RIFPIM19 LB IR 10.41 min, 2T
TR RHES T T8~ 373.077 6 [M-HT, 40 T4
7 R TS TR A4 B IE Fy m/z 197.075 1 [M-C H,O,~H]", B
P BT 4k S 28T R A m/z 153.093 3.m/z 138.074 0,
XEALEHFRPER T MERETYIA, SRR
MI19 i e R~ AU T A hE R L =4

R M22.M23 5 M24 AR M22 {5 87 11 [7]
N 34.29 min, — 25 R 0 AR AN AR AE m/z
663.412 5 Ml m/z 617.406 4, — % 2 [A] E 4 T 46 Da, i
m/z 617.406 4 [M-H] N5 T 8 FU§, m/z 663.412 5
[M+HCOO] NINFE Tk, m/z 617.406 4 [M—H] 74
R a e R d R b, A S T
HHIL, RSEHEE RR—0 T NI AR . it
— P M HE Sy 1 R R R 15 R, m/z 439.323 3
RMED T BT ER—TBENTNE (146 Da) 5— 71
CH;OH (32 Da) JE 1. X% M23 5 M24, 75 & &
B [F) 35.84 J% 38.16 min B 1 3 B AH [F] (1) 2 fif B, 4
HEWM I N2 T ER— TR L. HX
BRUCIZR B, 4 58 ) 24 1 [F) 4 S A 44 (51 4n SSa SSd.
SSb,) &A= AH R AR I BT, AR 7= 4 B AR P s —
WA A AR AN, BT LARR 38 BEAR AL G 00 A W 55 44X
W M22.M23 5 M24 43 5| 4 58 N SE IR AT FL S8
KETHDHHEHKETG.

R M26.M27 5 M28 AL M26 {4 B3 I (7]
930.03 min, — ¢ 5t 1% BB BoR, BB TR AF
£ m/z 455.315 2 [M-H,O+H]" & 1, 18 11 F A6
F| m/z 517.323 0 [M-HCOO] & T, i T e N

CyHyO,0 E— 200 M S R B, 1IE & X A7
FETE P B 1 N m/z 437.305 3.419.294 2.425.201 5, iX
BB R B 4 % E N [M-2H,0+H]" . [M—-3H,0+H]* .
[M-H,0-CH,O+H]"; [A] B 47 B 7 — ¢ i 1% K B, A7 7
m/z 439.323 3B T UE, IX 5 R SRR B H I
BT AV G, S5 IR R RS, WP A
M26 M3 — S8 T . AU M27 5 M28 71 ) B i)
B8] 33.16 1 36.52 min B 1 3 Bt AH [F] (19 22 g LA,
4 £ B ) 16085 A 0 M26.M27 55 M28 % i 45
HICF LEHAH C D ST L G.

g

K S 3E  7 S7. UPLC-MS/MS 434 7732, % K B
HEH e - AT 2R BRI IS R AT R AT b
FE R BR 4G 245 MG H, L4 At 55 A NI Ecsy, Horb 16
ARG HLSY, 39 MR R o AW I N LG T AAR
AL IE IR AT ARARE (2R A B 26 L B R
A FERE IR AL R BRER AL ), Forb 3 ZR AR THAIAR M .

KRS %% 7 15.30.45.60 min 13 h L4
LB A s, 5% A () B ] st PR L 975 5 A 0 ot £ 40 3R AT 20
TR I, A [ (89 N IR 7 2 HH BIAE A [) SR I B ) R
A, 51 40 48 5 R i) SSa 5 SSd R 7E 15 5 30 min 1)
B IfiL g m] DAKS I 2, A SR B4R 18 T SSa b5 SSd 7E 4
P 30 min B AT % 4 58 4217, (145 1 glucopyranosyl-pae-
onisuffrone R 7£ 30 min PA f& 2 J& 19 B AL £ 7T DLAS: 0
By A5 24 B AR AE A B I i 1] 5 2 0] A 0 2, (H7E
15 min HUIML S0 & 8\ 2 . BT LA T 5 2 R AE 255
N LG B I AR RS AT BR 43, [ A 7 BRAIEAS 0 (1) 42 THI
PE 5 gV, 3R B AN [ IR 1) A5 ) 1t 35 R A VR A R AT
M. ARSLERIE LLEL W B UTIE VL L DTTE i
I3 A3 5 v, T LA [R] A B 92 1 B A0,
FE 0 5 5 B H DL R W T AR 455 B, RO H B DTVE VE
A RS B I R R AT B B H B %, IRPE AR E T
B, WO PR R R DUTE A M AR AR

RSEIGHDLER T T 51— AT 255 N LR 4y, 7
BT 211 39 MR =, 8 MR LLEAATH LA TR R
REAR AU K5 8 A2 DL AT iR £ 7 1R O B4R
TR 5 5 AN DL AT o AT 2485 S0 5 Dk B R AR 1 ok,
18 A2 LASE A op B A7 R o B AR I ok . 45
K EATH RS TR IR K DA K Z By K, SeiH T S i
SR R AR P 2 6 NI RS . BIAR 2
HERFF U B, S A - AT 256 A BUAMAR e K B
I PR S 2 R 2 B VEDS A TR LA P
PRAF O LA SRR U, AT 254 S i R A Y B A
IR PUAR ST SR IR, LR AR N2 K,
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O WA R IEAE DR DA S RS O M B0 50 T B
A7 3 A TERY; DLEE W] R a SE W] B d AR

th]

SEH R RS BA PO R TUM R T R SR

JR2, - SE - AT AR DG A < i S 2 e 2y
X, AEVR ST AR D7 T B A R AT . (B
PRGBS IR H AT AN TR, A S8 A I i 24 4 1k 25
A B T R, TE A 25 T b X S A 1 AT 240 1 24 3
JRBERBEAT TR TE, Dy ik — b 0 2 0 e AL R E T
7 RS S K.
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