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Qualitative and quantitative determination of Sophora flavescens seeds and
analysis of its blood components based on UHPLC-MS/MS

SU Mei-fengl’ 2, LUO Xiao—meil, WANG Xiao—mingl, CHANG Xiao-yanl, WANG Wei-hua3, SUN Hongl,
LI Zhuang—zhuangl, SHI Yue'?

1. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences, Beijing 100193, China

2. College of Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029, China

3. Center of Pharmaceutical Technology, Tsinghua University, Beijing 100084, China

Abstract: Objective Based on UPLC-Q-Exactive orbitrap high-resolution mass spectrometry, qualitative analysis of Sophora
flavescens seeds and its blood components were analyzed, and UHPLC-MS/MS quantitative analysis of six alkaloids in Sophora
flavescens seeds were performed. Methods The separation was performed on the Waters HSS T3 column (100 mm X 2.1 mm, 1.7
um), with mobile phase 0.1% formic acid acetonitrile (10 mmol/L ammonium acetate) solution (A) and 0.1% formic acid water (10
mmol/L ammonium acetate) solution (B) for gradient elution. Electrospray (ESI) fog ion source was used in mass spectrometry; Data
were collected in positive ion mode for qualitative and quantitative analysis. Results A total of 34 chromatographic peaks were
identified in the samples of Sophora flavescens seeds. Most of them were 26 alkaloids. A total of 18 alkaloids were identified in the
plasma samples. The content of six alkaloids in Sophora flavescens seeds was up to 18.5%, and the content of oxymatrine was the
highest. Conclusion The acute toxity of Sophora flavescens seeds may be due to the alkaloids entering into blood directly. This
study provides a reference for the development and utilization of Sophora flavescens seeds.
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Fifo CHAR) IE4N “HSEL7, B (REHH)
W4 ST, AR, MERTERE, Retg
H. 8 50, Eh 2 mm. KEmmess,
T AP SR v 2 SE AR 9 AR FP e SR T i AN
HHH, RSB IREANED, FERES
FRAZIH PRI T2, B . HE TR ZH R AN AN 2
WHIRITE 7>, SCRIGE T S e S m s B
VIR A= s B RR TR T, IF Hotr S5 is
W ERIR B BA R AT A E T, AR Sz R
UPLC-Q-Exactive ¥k s FHm i HoAR, AR (i
WEOREAIS ] KSR TR EN S A ER, 5
Xof ot S AR SCRRIEAT X, s S sz R I1E
RO AT O, NS fE IR AR A A
1 #R5IRF
1.1 a4

SPF 2% Wistar KR, WERESF, AR (180+
20)g, 1 A b5 i dE i@ R AL LIS Z AR A PR A A,
YFA[ES SCXK (51) 2016-0006, TF% T [H [ 2%
BRI B 25 YT 5 BT SPE 45256 oty (20~25
C, WE 40%~60%), FF&SLiaTia MmN 7 d,
H ORIt
1.2 75

WS T NS AR, 2 E R ER 2
FHREI 5 AR R BRI 70 0 48 5 N SRR B A ) v
% Sophora flavescens Ait. FIEFN T o FE i RAT T
Hp ] s 2 R B 24 A it AL T AL — =

SRR 2 (A5 CHB-K-008). A5
Bk (k5 CHB-Y-053). #Ehk (5 CHB-H-062)
T BB s D A R A TR A R s MR (it
MUST-17061205) 1 F B 2 e A Rk A TR 2
Al EALMRGE (LS Z218S6B3547) W H LR
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J-032-161216) W FR¥ s B (4t H-042-170301)
W 5 R 25 B AE R A IR A F] . HPLC e X}
Rt ot 0 #0350 > 98%
1.3 K7

95% L EE T AL x4k T.) s HPLC 2K 2T
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TIRER R (PED HRAE; OIERETR
¥:F ROE Scientific Inc 2] ; 8 77K B Milli-Q
aliK 2G4
1.4 43

Ultimate 3000 # = 3807 AH (EEE L AFD &

It Thermo Q Exactive™ Plus Orbitrap ™ &4 H i it
1 R EZEE R IMRBHEAR]D; Agilent 1290 5
BOAR ER B Agilent 6460 =i FHRBEAL (SEE 2k
B ATE]D; ES-1201-P L7 KFFK (1200 g, KDl
PRI K AT IKA RV10 Jefs 28 KA (L [E TKA
AF]); DZF-6053 HATHEFE (Bl —1ERHEA R
AF]D; 5000 mL ERABEHRE JidliEsa
FRAT]D; FEEVE] 0k (4 C. —20 ‘C), Mettler
Toledo AB135-S R4tk i LARFRFED-FER) 2 A
")), Eppendorf #ii#s (TEE UAMEARAFD.

2 HESHR

2.1 ESLEBWIH&

WBYLE M GL 20 HIF), 95%ZEEH A
WP 3 WK, K 1 h, WCESREGR, FUER], B
TR S S Y, &

22 EHESKIEBMIEMS TR MEHERS T
2.2.1 R ECH

(1) Xof A S VAT T TRC A = 2 i s 3 R D S
FAE ST BLEm. PRI, AR, N-H
H 4 A EHRC ) 4 0 B R B 1 mg/mL % R i
B/, . BOS IR A&, H 0.1% /K (10
mmol/L BERRE) R (A B) #4100 ng/mL
(I A5 % I VA4 UPLC-Q-Exactive 7347 .

(2) ARG TRBCH]: RS 5 FR U BRI 1
JREIRE N | mg/mL I bR G &, &

(3) MRS AREC “2.17 BT 2
SEEREUY) 10 mg VAT 8 mL 50%FHEE, I i A
J&, 12 000 r/min &0 10 min, B 5 pL _EHEHRE
UPLC-Q-Exactive 73 #7.

222 IMIRFR S %

(1D EFHAMFRIE L ARSI F AT S50 0
RS 2 TSI, R I S S SR AE 5 glkg
(B TriE S g 2255 UL ER 3T aE < Bt
FREPREIR IR HAE T . ARSLIR A 8 HMEM: Wistar K
W, A0 S R, ShE7E 6 gkg, WiIXTHEAL 3
R, GTHEAK, SETEER 12~16 h, HHK.
YEPGRFR 20 mL/kg, HLIK ig 4524, WEEBhYIRZS DA
R RN, IR R 1 KR B BLE SR>
HIH . 45, ", 6 h A LB R. WA ZE B
Seh B S BERIE BAET, RBISET G S BB &
AR EP B, BG4 R LR kg
i, £+ 4 C, 3500 r/min &> 10 min, B EiEH
100 pL, b0 4 55 0.1% MR L Eik e, 13 000 r/min
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THRRPM EP B, ENE SRR LR 1k
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2.2.3 UPLC-Q-Exactive 5514
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mmX2.1 mm, 1.7 pum); BN 0.1%F R 415 (10
mmol/L BEFRE O CADF 0.1% F 27K (10 mmol/L
BERREL) W (B)s BAEEYEML: 0~1 min, 100% B;
1~3 min, 100%~95% B; 3~15 min, 95% B; 15~
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g 0.2 mL/min; HEAEARFA S pl; MR 35 C.
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17 500, FIETEE m/z 100~1 500, BEHREEGE
220, 40 A1 60 eV,
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Fig. 1 Total ion chromatogram of mixed standard (A),
Sophora flavescens seeds extract (B), plasma sample (C), and
blank plasma (D)
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Table 1 Identification of Sophora flavescens seeds samples and their plasma samples

Wy % a4 BT imin —— 1 RE O ppe mww oax
WEE  EE (X107)

1 &&RHA N-FAE ST CpHiN,0 447 2051331 205.1335 -0.440 149.023 1, 108.080 7, v v
58.065 5

2 WRmER EH R S CpHigN,0, 484 2231435 2231441 -0.604 191.1174,162.0910, v v
114.0912

3 SREHA S CyHiN,0 539 1911176 191.1179 -0.290 150.968 6, 148.075 4 v v

4 REHH g CiHpN,0, 622 2611592 2611598 -2312 243.1488,164.1068, \
114.091 1

5 A kuraridine!” CagH300s 637 4392078 4392115 -3.715 277.1552,259.1442, i

2411337
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g1
. - . ) [M-+H]' RE . “ ,
25 EMaRE A7 t/min WRE EE (<109 Yo Ry i
6 PEER Y CisHpN,0, 738 263.1747 263.1754 2452 231.1487 v =
EBWA  leontalbinine N-oxide™ CisHoN,0, 800 263.1747 263.1754 2452 245.1654,195.148 8, v v
166.122 4
8 EHHE  9a-HEMEHE Ta-BHEMEREY  CsHuN0, 819 2611590 261.1598 2252 243.148 5,177.138 2, v —
150.127 3
9 REpH K CisHpoN,O 834 2451643 2451648 0540 148.111 8,98.096 2 v v
10 EH3WH  E3EY CisHuN,O 858 249.1953 2491961 -2.568 176.1062, 148.111 6 v v

11 EBWH 9a-REMEIE Ta- RIS CHeN,0, 895 2611591 2611598 -2.506 243.1485,177.1392, v —
150.127 4, 136.112.0

12 EEBEA EEEY CisHpN;O 926 247.1799  247.1805 2386 179.153 9, 150.127 4, A —
136.111 9
13 wsEA et CisHyN,0 944 2491954 249.1961 2419 150.1275 v \
14 EBEA  AHRREY CisHpN,0, 1038 2631747 2631754 2425 245.1643,150.1274 \ \
15 PEEH PRI CisHuN,0 1086 249.1954 2491961 2419 166.1220, 136.1113 A —
16 EHHER ALESEY CisHuN,0, 1111 2651903 2651911 -2.845 247.1799,205.133 0, v v
148.111 7
17 PIHEHA 9p-hydroxylamprolobine N-oxide!”  CsHpN;0, 1313 297.1802  297.1808 2310 279.1697, 138.127 5 A —
18 WHEE 71-EEESEEcEE R CisHpN,O 1396 2471800 247.1805 0490 176.106 7, 148.111 8 v \
19 EBWE  Sa-BEMIEEE - BEMEBE CHuN0, 1477 2631748 263.1754 -2.297 245.1644,164.106 8 v v
12a-F R R
20 HEEH lamprolobine™ CisHyN,0, 1561 265.1904  265.1911 2468 150.1275 v v
20 HHEE e CisHuN,0, 1689 2651904 2651911 -2.468 247.1799,205.133 1 v \
2 EBEE 9 REESHE CisHuN,0, 19.16  265.1905 265.1911 —2.091 247.1800, 150.127 6 v —
23 EBEE  a-FAELARR CisHpN,05 1978 279.1698 2791703 -1.698 261.169 8, 149.023 1 v v
24 PREEE A CisHpN,05 2107 279.1696 2791703 2.234  261.159 1, 177.138 2, \ \
149.023 0
25 EBER AR a0~ BEESEYY  CHN,0; 2475 2811854 2811860 -2.024 263.1748,243.1406, v v
149.023 1
20 BHIEE 5,7- "I A-FEILHE-3-0p-D-K CpyHy0ps 2565 595.1645 5951657 —2.094 433.1125,397.090 6, v —
BE-(1-6)-p-D-FITHEEL 5, 7-— R He4-F 313.069 8, 271.059 4
HH [ -3-08-D- 1 fE-(1-6)-p-D-Hi
%%[10]
27 EHWE Sa-RIEM R 9a-FIEM R CHuN0, 2627 2631747 263.1754 2677 245.1642,176.130 5, v \
12a- B MR 164.1073
28 EHER ABES a0~ BEESEY  CHN,0; 2649 2811862 2811860 -3.080 263.1757,149.023 5, i
138.1279
29 R daidzin!" CyHyOy 2762 417.1171 4171180 -2.178 255.064 5,199.0749 -
30 REE KSR CisHiOs 3081 255.0645 255.0652 -2.687 227.0699 I —
31 REW ERER CiHp0s 3119 2850751 285.0758 2280 270.051 5,253.048 8, —
225.0540
32 %EEE mEmgst CiHpOs 3144 2850752 285.0758 —1.929 257.0445,172.2057 R
33 H#M  pseudobaptigenin™” CigHigOs 3425 2830596 283.0601 -2.826 249.1957,200.2370, i
130.1589
34 R HERE D) CiHpOs 3455 269.0811 269.0811 -2.733 254.0540,213.090 6, A —

137.023 2, 118.041 1

R 1 E S 1
V-detected —-not detected
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Fig. 2 First-order mass spectrum of major compounds in Sophora flavescens seeds
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3 EHSIHEFELEYHRREE
Fig.3 Pyrolysis diagram of main alkaloid in Sophora flavescens seeds

2.3 ESIREMWIH 6 MEYRE EE N
230 RSN IOECH]  EOG R U P RS R
B 30 ng/mL AR, B KRN 1~250 ng/mL
RIS, DA 52,
2.3.2 A EIECH] AREC “2.17 BTN 8 S S0
¥ 10 mg % T 4 mL 50% B, inigE s 5, N
PO R =TS 30 ng WARYIRIE IRk E
J& 12 000 r/min &0 10 min, HL 10 pL EiERE
UHPLC-MS-MS 7347
233 ERFKM WAHZEAM: KA Waters HSS T3
R (100 mm X 2.1 mm, 1.7 pm); WizEHAH 0.1%
HIER MG (10 mmol/L BERRE Wl (AD F10.1%
7K (10 mmol/L BEERE:) VS (B); FREEPE:
0~1 min, 100% B; 1~3 min, 100%~95% B; 3~
15 min, 95% B; 15~20 min, 95%~92% B; 20~
22 min, 92%~30% B; AR 0.2 mL/min; 3
FL10 s HBIEFERRIRE 10 °Cs AR 35 C.
RS SR Jet Stream FEME % EST 55 15,

RARES (L PEAK AFD HTREHIAZEAL,

AR E RS BRIREE 350 °C, BRI
& 10 L/min, SMAEE 325 C, SEERREN 8
L/min. BAEHIE 4000V, FALSIES 45 psi (1
psi = 6.895 kPa), WiMEHLE A 1000V, X HAz¥5 7
TEIER T4 P72 RS (MRMD AR,
A% AE WA 2.

234 JriEfEEsE AR (REZH) 2015

R2 6 FAEYRE MRM &R S5
Table 2 Parameters of six alkaloids detected by MRM

§ BET  TET fifRe =
% Fragmentor/V
(mlz) (m/z) (CE)/eV
EE 2493 148.1 200 40
ANHTES 2652 205.1 200 40
T2 B 2493 152.1 200 40
L2 01 2472 96.1 200 40
SAMRRL 2631 245.2 200 20
N-HEE#E 2051 58.2 160 40

1Eh
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i I AR M VRIS AE e R A T R e R
WMR. €2, BEE., EEMMEEE#T T
ez 2 R (MRMD B LA 4.

I A

D
a
]\ E
F
|
o s 1 15 2 25

t/min
AFMNTT S0 B-EMMR C- S D-#E E-RIR
B F-N-H 3k SR TR
A-oxymatrine C-matrine

B-oxysophocarpine D-sophoridine

E-sophocarpine  F-N-methyl cytisine
4 6 MEMIE MRM
Fig. 4 MRM map of six alkaloids

(1) 2Rtk & AR AN 2 2 RIS : B “2.3.17
THCR MR ST, 4% “2.3.37 TRt RE Sk
SE, FWNAREHATERYERNS, TR REG A
B RN 52 2 PR3 I 7E A e B ol 3 R 10 B 5E & il 52
16 MUBTIR A RIER R RLF, REOTE, 43
W 3.

(2) KEE R HUE iR B R VA, 7
“23.37 WA SAT T EE R 6 Ik, W &AF K
SYPUEETRIARN, DAV AR AT ARAE R 22 (RSD)
MIEE . 2R RIRG B R RSD B/h T
3%, FEIZITIENG 5 R AT

(3) HEMHRLE: %M “2.3.27 N5 ]
&I, A —FE S ) & A RV CPAT 6 40,
e HUE AR ) RSD VPP B 45 SRR % 1oy
W T AR RSD ¥1/M T 3%. RUZTEEE MR,

(4) FaoE e HCE S e i — i
SRVEWL 2T 04 44 8. 124 24 A48 h FEEEMHT,
THE BT A, 25 3L 7R % Ao W T AR RSD 34/ T
3%, FIAPLR AT 48 h A E M R 1T,

£33 EHSLP 6 MEMBRLIEAEMEXRY

Table 3 Linear equations and correlation coefficients of six alkaloids in Sophora flavescens seeds

. o . zﬁ'réﬁlf]/ ol BEﬁ/1 %iﬁ?ﬁ
(ng'mL ") (ng'mL ") (ng'mL ")
B Y=0.194 2 X+0.002 26 0.997 2 1~250 0.005 0 0.025
FE S Y=0.086 6 X+0.000 703 0.999 6 1~250 0.040 0 0.080
PR Y=0.218 6 X+0.002 50 0.996 4 1~250 0.0100 0.040
SEALHR AR Y=0.108 2 X-+0.000 910 0.999 5 1~250 0.050 0 0.080
T TE Y=0.075 4 X+0.000 759 0.998 0 1~250 0.010 0 0.025
N-F 34 2 A0 Y=0.877 1 X+0.010 2 0.996 5 1~250 0.002 5 0.010

(5) [FICRIRGE: B E & B 1 2 SE R i
&, SRR S =R 80%. 100%. 120% 3 A4
ACEIINIS IR, SPAT 3 43, $% “2.3.27 T il &
JrEG S BRI, R, % 2337 TR
JHENE, THEAFECE, BIR & B35 R
%5 90%~110%, RSD $/NT 3%, FHIA Tk
I R AT
235 FESHT ARSEEEE XS REI 6 AN AR
SIS SEATIA, &R R MRM AR e
Bt 4% €237 WURN VAR PUs . dER
ET SR E S AE S0 BE. PR
AP IR N-H B e e & &, ~PAT S e

SRERESLH 6 AR RN 184.501
mg/g, HPEMNET WS B, K53 104.159
mg/g, HS 40.375 mg/g. FLEHH 4.821 mg/g. A
AL ML 13.239 mg/g. FLIETH 8.424 mg/g. N-HHXE
LAEEHR 13.501 mg/g.
3 itie

SCERARIE W S S B A LB TRITIR . TR
YT, 95% M) £ B R LUK X e ) Jo 5 U H B EHE o
A SZG %7 Waters HSS T3 il A (100 mm X 2.1
mm, 1.7 um), Waters BEH Cg (4354 (100 mm X
2.1 mm, 1.6 pm)#1 Agilent EXTEND C g t2 343 100
mmX2.1 mm, 1.8 um), & i%HF Waters HSS T3
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R, BRI T8 S A A R 5
MR BT 4 FhRsFIER: OHE-0.1%H
27K« £ JiE-10 mmol/L BiREE £ J1E-0.1% R /K (10
mmol/L BEERE:) A1 0.1% R 4 E-0.1%FER/K (10
mmol/L BEERE:), R 0.1% IR LM5-0.1% F /K
(10 mmol/L BEMRE: ) et

AR S = HTHASE IS RIS S LIRS A B
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