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AW, FARME? R Y 2R !

(1. AT 25 A IS T, 6 536000; 2. [ AR EIEFRAS DU VERTSLT, 6 536000;
3. MR R MRS S 220, 0 570228)

W OE: BB s SO A R - 38 BT % 15 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) /] A U 72 i it 2418 o 2R B4 S i oM s . 33% SRA Agilent EC-C g (233%
#:(4.6 mmx50 mm, 1.8 um), LAZK(0.1%HFR)-ZIE(0.1%H ) MR shAH, BRI, i 0.2 mL/min, JFfaE
910 pL, KEIRM 30 °C; SR HLIBE 55 55 T (electron spray ionization, EST)FEAT 1E B A WE I, Z2 5 o7 W s
3 (multiple reaction monitoring, MRM)I#{ 7 /1. LR 1-HIEGHE . £ THT . SRR . FHRET. &
T OB ORBREA . BTBER . BT MR L IR TR 0.1234~6.170 (r=0.9991) . 0.03340~1.670
(r=0.9996) . 0.2578~12.89 (r=0.9998). 0.3220~16.10 (r=0.9992). 0.04975~2.488 (r=0.9992). 0.02592~1.296
(r=0.9991), 0.1001~5.005 (r=0.9991). 0.1054~5.270 (r=0.9994) . 0.000685~0.03425 (r=0.9986). 0.00542~0.2710
(r=0.9996) 1 0.2822~14.11 mg/L (r=0.9993) 4k M KL R R 4T, VI HISCRTE 97.4%~103.5% 2 0], K% BN
0.34%~2.02%. £5i® ZH . TEMEE . REER, o H T2 0 TR .

KA I ﬁfﬁﬁﬁl{ﬁdﬂ@ﬁ% ERIBC BTG, By,

Simultaneous determination of 11 Kinds of constituents in seasnake medicinal
liquor by ultra performance liquid chromatography-
tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 11 kinds of main active
components in seasnake medicinal liquor by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods UPLC-MS/MS analysis was performed on a Agilent EC-Cg (4.6 mmx50 mm, 1.8 um)
eluted with acetonitrile and ultrapure water both containing 0.1% formic acid in a gradient program. The flow rate

was 0.2 mL/min, the injection volume was 10 puL at column temperature 30 °C. The multiple-reaction monitoring
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(MRM) scanning mode was employed for quantification with switching electrospray ion source polarity in positive

mode. Results

1-Methylhydantoin, ligustrin, chlorogenic acid, prim-O-glucosylcimifugin, rutin, vanillic acid,

luteoloside, ferulic acid, baicalin, quercetin, osthole showed a good linearity in the ranges of 0.1234-6.170
(r=0.9991), 0.03340-1.670 (r=0.9996), 0.2578-12.89 (r=0.9998), 0.3220-16.10 (r=0.9992), 0.04975 -2.488
(r=0.9992), 0.02592-1.296 (r=0.9991), 0.1001-5.005 (r=0.9991), 0.1054-5.270 (r=0.9994), 0.000685-0.03425
(r=0.9986), 0.00542—-0.2710 (r=0.9996) and 0.2822-14.11 mg/L (r=0.9993). The average recoveries varied from
97.4%-103.5%. The RSD values of precision varied from 0.34%-2.02%. Conclusions The method is rapid,

specific and sensitive, and can be applied in the quality control of seasnake medicinal liquor.

KEY WORDS: seasnake medicinal liquor; ultra performance liquid chromatography-tandem mass spectrometry;

chemical constituents; content determination
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(a3 TR PR AN /N SN T Sy s 7 2% v/
TN AT . InRERE . ERE L WIESE AR, A
ERBRIE . EFAIE4S . SR EPI SO @R, T IR RR
AL BERERRER . NFEIBAERER . HAT, b 2470 i AR BY
CroEzZg) Woeag, BATARIE S TLAE BRARZY Gl br i, )5
EIRMEMBCN TR, R X RIS E SN E, 78
B W) 5 T D) A AT R, AR DG SRt A R
Wk, ARz gt T AR X9im
i SN Y AN /= LN & 5 2 N [ ES RN =+ N 7/E S
Bl RO B RO gl Rt AR 14
WRAL T M BT SR 1, S 3PP ARSI Oy ik,
N7 TR R RO A 3 - H I BT % v (ultra performance
liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS)MIE g 25705 p 1-FRRETREIA | 58 T 741 4%
JRER . FHRRERE . T FREER . KRBREE . PR,
KA MR R IR TR R, DU G 2
JoT e A AR VSR AR

1 RS

1.1 R 5N

SRR (ZIE 99.3%) . 7 T (4hE 91.9%) . FHRR (4l
B 94.8%) ., ARJREAT (LS 94.0%), BAH (LR 93.5%)(H
E &R B E R BE); & EIRGEE 100.0%) . BT8R (4l
B 99.6%). MR E (A 96.5%)(FF &S Z5 A E BT, 1-
FH 300 IR (4 99.9%, S%[E Cato Research Chemicals A #]);
IEPRF 2 (LB 98.8%, BUHR 23 A I RHE A B ).

M. HEE({aial, 35 Thermo Fisher Scientific 2%
Al); PR (i al, 35 Kb BR/A F]); #4liK (Milipore
Hil £, FHEE Merck 23 A)).

3 HEUERE 2T LS 190103, 190301, 190919); 46°K
B B P (A6 ] R AR b e A FRA I 25T ).

Agilent 1290 FEGRAHEATEL . Agilent G6460 = 57
156 DUAR A BT RSN (32 B 2B BHE A FRA F]); XA205DU HL
F oM TR0 R 2 AU 25 (1) 1T PR R ]; R-300 Jig
IR R AN G AR A PR F]); SS510E-DTH #7 P Y
[REfH A (L) A BRA ], 3-18KS i 5 2R VR B O
HL(PE[E Sigma B OHLUER A BRAF]) .
1.2 KWHE
1.2.1 B EBERRGH S

Ko 1-H S R T HIT . SRR . FHRRE T .
T BHERR. ORBEA . WK, S5, MR i
IRF-FRXT BGLIE &, I B4 0 1.234 . 1.336., 1.031,
1.288. 0.995. 1.037, 1.001. 1.054. 1.084. 1.129 mg/mL
W28 T o A3l OSSR S VA VRO B, ' F IRl — 100 mL &)
v, M ERE IR, PR, B 1-FIIRIGE L KT AT 4k
JEiR . THRRERTE . AT R ORBEAY . IR . ¥
B MR WK FEAIR AT IR, RS
Bk 24.68. 13.36. 51.55, 64.44, 9.950. 5.185, 20.02,
21.08, 0.1370, 1.084. 56.45 pg/mL.
1.2.2 Honara

i BURFIE 2570 100 mL, B e 76 & E 45 °Cl
Feve4s 238 T, 29 30 mL HEE s Z UGS B =
50 mL AP, BAALEE 5 min (135 W, 42 kHz), #E,
e, SR B2 2, #2757, 8000 r/min &5.0> 5 min, £
0.22 pm MRFLIE I 8, BXEEUE, RIAS.
123 ZOHFSERAFE

B 100 mL 46° K7 R (IR, [RIRE S AT AL By 25 i £% 23
IR S
124 LBEH

(D)W AH %1

Agilent EC-C g ff,i% 4} (4.6 mm=50 mm, 1.8 pm); i
30 °C; WidhAH: 7K(0.1%H BR)(A)-Z 15 (0.1%H i&)(B), it
ATRBEVEE(0~3 min, 10% B; 3~5 min, 10%—30% B; 5~

7 min; 30% B; 7~10 min, 30%—60% B; 10~15 min,
60%—90% B; 15~18 min, 90% B; 18~20 min, 90%—10% B),
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WE A 0.2 mL/min; JEFERR: 10 pL,

()i &AM

K LIS 25 1 L 5 TR X (ellectronic spray ion, EST+),
ARG I 2 A £ I W W I (multiple reaction monitoring,
MRM); FALSEST: 30 psi; THESIRE: 300 °C; TS
T 9 L/min; AN HIE: 4000 V. MRM =g, %
WAk . FE . R R (fragmentor) . ilf 48 GE &
(collision energy, CE)%& ik S8 L& 1,

1.3 HIEALIE

UPLC-MS/MS 7 % ¥& K | Agilent Mass Hunter
Qualitative Analysis B.05.02 WA 3Kk {4F #E47 & PE 43 #T .
Agilent Mass Hunter Quantative Analysis B.06.00 & & 53 #T,
AR E L 3R, SRSMR bR ER 2k T it

2 HER5HH

21 UBREFHRURER
2.1.1 EABEAAL

TEFR S AR Bk $E L, AT 5 T HE-7K (0.1% H
f2). ZIE-7KO0.1%HER) . 7K(0.1%H fR)-H B (0.1%H k)
KK (0.1%H BR)-Z 5 (0.1% F ER) %, KK (0.1%H iR)-Z
5 (0.1% H BR) 45141 T & Biar ¥l LIk B ir i v, HA&%
S A3 ¥4 5 H A v A G T SR SR DT T . BRI R
7K(0.1%H BR)- 15 (0.1% H BR) 45 11F
2.1.2 &kt

AWFFEXT 11 Bl HARE G P00 TR SR AT AL &
B, BST 1E B T H B g B 5 s AR, IRBL7E ESIIE
B FHEMEIE T4 8B RO R, AR
Jo X & il IR RE AR, Hk AR AR, kiR R

FAEREE AR, fSAE MRM BT AR A5 3045 B4 ) e
FEFE S50 AR B 25T F0AC BB B 7 T 3 A 140 1) B,
R RE R (CE)H 0 eV MR ENER TR MIE 60 eV,
Y FURE ™ A — AW Y [T FLR R = 1 T . IR
BT, O £k BT 45 Bk 1 B & (CE), #5417 AL 1
BT MS, (m/2) R 2711 [M+H]", RBEH =AM T8 T
MS, (m/z)79 287.0[M+H]", ¥l 5854 . KB
FE L FOR S AR — 800 DRk, B AR G R A 4y
R 1 ASE RT3, JRRE UL AR I B 1 )i oy 2 v 5
TR R H AT
213 FREMFRER

WIS A RE G R BEGE AR A O 5, ZE IR T
TS RS A T U REI G, 75 3 25 (IR S A g 257
o1l RS ASMIEA S EE SRRERN
UPLC-MS/MS {ai &, 252 ULE 1. tHE 1 A%, 7€ 20 min
PN, L1 RS PR LA o3 8 AT TE T4, FIEIE AT,
22 ZMERFR. ESMRFENR

R BEEU1.2. 1500 38 TR A 6 IR A V8 VR A A%
B, MBS SF B 100, 50, 20, 10, 5. 2 1%, i
56 AU EE BRI MRS & 1 RAVEW, Fe1.2.47 W5
AR, GO SRR, REAFERIIE 3 . DX E
s A DU VR PR VA BE (X, mg/L) A A s, e TR AR P B4 B (Y )
YA AR, HEAT IR, FRRE TR A X BV UROE A R,
I LAE MR SIN=10, S/N=3 I 1) Ji 8 vk 4 g 2 KR
(limits of quantification, LOQ) Fl % H BR (limits of
detection, LOD), 5L 2, FH& M 1E4% BTN
LR R, m A B E HBR 2SR AT LA L, AT
BREER R

Fz1 11 MEMNCESMBRIE RN

Table 1 MS parameters for 11 kinds of compounds under test

Ay {4 B3 B} ] /miin sy BB T (m/z) TEF(miz) RS R /V fill 4 RE it /eV
1-F I 3.45 114.10 115.1 87.1% 44.2 110 10* 10
ETHEE 7.48 372.37 395.2 185.1% 232.1 135 20% 20
£ 7.69 354.31 355.1 163.1% 145.1 90 5% 20
FHRR T 8.14 468.45 469.2 307.1% 261.2 95 30% 35
T 8.34 610.51 611.2 303.1% 465.1 135 15% 10
FHIR 8.39 168.15 169.2 93.0% 125.2 100 10% 5
AR AT 8.61 448.38 449.1 287.0% 95 25
Ko 2 iR 9.65 194.19 195.2 176.9% 144.9 65 5% 20
WA 10.82 446.35 447.1 271.1% 115 15
W% 11.86 302.24 303.1 152.8* 229.1 135 45% 35
RT3 16.39 244.29 245.1 189.1% 131.0 135 10% .20

T BT 1 A L A il ik R
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a b c
x10! x10? x103
1 1 3453 1 3579
6 3 ' 20
0 : 0k 1-
o 10 S
1 5|1 7.482 x10% |1 7.416
5 1 ﬂ l 1k
KTHEH
x10! x10° x10
1 1 1 7.642
N 5 J7.689 sl l
;J...ALM“WWMM” 0 Y 0 ~A SR
x10! x10* x10°
1 1 8.135 1 $:099
’ MM‘WWM ! A | l
) 0 0 FHREF
x10 %104 x10%
1 11t 8.345 1
4.7 25| 8.297A
4.6 0 0 l T
x10! x10° x10?
1 11 8.394 1 8.349
0 == 0
x10! x10% x10° éﬁ@
1 1h 8.614 L0 1 8.534
5 Mm“ Ih 0.5 | J
0 0 AT
x10! x103 x103
8 H 1 9.647 S 1 9.559
1 L L
6 WWWW A ﬁ
0 0 L P 2R
X0 1 e 1 11.859 x10 1
as ] st }L : 75 ¢ J 11{760
5.0 A .
4.6 0 - . R
x10! x10*
1 1 10.815 100 10.815
5 | A 2 A 2 ﬁ
0 0 Wit %
%102 x10*
1 5.0 f1 16389 *10° |1 16.341
1.0 m 2. J‘ 25} ﬂ
0.5 0 RFER
2 4 6 81012141618 2 4 6 81012141618 2 46 81012141618
fis 8] /min 5} B]/min Fsf ] /min
T a A FIRESD: b XTI ¢ At .
1 R AR 1 #3084 UPLC-MS/MS 3% &
Fig.1 UPLC-MS/MS chromatograms of 11 kinds of constituents with MRM model
23 BEEE 0.51%. 0.45%. 2.02%. 1.46%. 0.41%, KWL HA R

AT 24T P 6,
WA LRG| TR SRR, THRRETE. M. 24 REM
TR . ABEAT . PIEIR . ¥E51H . MR R, KPR B — I S R S 190919), 43 BIHUE IR R ik
WA TR FH £ R X5t V1 2% (relative standard deviation, RSD), B 0. 2.6, 12, 24 h G IR TR AE“L.2.47 T 4544 F iF
SN 0.34%. 0.70%. 0.45%. 0.36%. 0.84%. 0.67%. FEME, PR - R, 2T, 8RR, FHRE
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T FER. KB AR . ¥ Mk
. KR FEOEEEFIIE RSD, 44518 0.80% .
2.49%. 0.64%. 0.45%. 0.92%. 1.64%. 0.56%. 1.01%.
2.33%. 1.86%. 0.57%. Z&5RFTHMTIERAE 24 h
PR E T R AT
25 EEM

B — RS GIE S 190103), 4#241.2.2735 )5 1l A5 fit
AT 6 1), FE“1.2.47TF FUbREm 2, 752
W -HIRERE L BT H . SR THRET . AT

SHEITE RSD, 43910 1.92%. 2.21%. 1.15%. 1.61%.
1.78%. 1.15%. 1.91%. 0.91%. 2.90%. 2.77%. 0.79%.
DI g5 SRR R R AR, RFA e Bk,
2.6 fNFEEYER

2 U B B B R 25T (LS 190301)FE & 9 47,
4y 100 mL, 4 3 3 SUHERRANA 2. 5. 10 mL 1R %) IR
RRVATR, i 1.2.27 B0 R A R, AR 1247 T 5%
PR SR E, AR ES SRR R, NSRS 2, R
23, [EIEHRTE 97.4%~103.5%, RSDY%/NT 3.2%, FKBi%T7

TR . RBHA

BIBRAR . BT MR R TR

TLWERABE RAF, JrEAFa il 20K

Fz2 NMESHEESE, &MEEE. HXEHK. LOQ F1 LOD
Table 2 Regression equations, linear ranges, correlation coefficients, LODs, and LOQs of 11 kinds of constituents

% EVEY:¥ LMV il /(mg/L) HRZRE T FE R /(pg/L) % H R /(g /L)
1-HH 3k it [ Y=5348.36X + 110.34 0.1234~6.170 0.9991 5.609 1.700
LT EA Y=8794.38X + 269.20 0.03340~1.670 0.9996 1.077 0.325
SRR Y=83826.43X + 55137.01 0.2578~12.89 0.9998 16.150 4.894
THRRER Y=218784.84X + 45099.87 0.3220~16.10 0.9992 0.536 0.162
T Y=109779.45X + 12350.38 0.04975~2.488 0.9992 0.086 0.026
HHIR Y=20212.71X + 954.31 0.02592~1.296 0.9991 25.925 7.856
KRBT Y=232436.23X + 23380.55 0.1001~5.005 0.9991 0.953 0.289
P 24 AR Y=65294.84X + 4384.30 0.1054~5.270 0.9994 1.882 0.570
WEAAT Y=299142.95X + 1161.27 0.000685~0.03425 0.9986 0.014 0.004
i e %% Y=19526.28X + 52.87 0.00542~0.2710 0.9996 2.069 0.627
IERF R Y=1555903.88X + 437551.45 0.2822~14.11 0.9993 4.800 1.455

F3 BRAES 1 MRS EWERRELER(N=3)
Table 3 Results of recoveries of 11 kinds of components in seasnake medicinal liquor (n=3)
% B AR i/ (mg/L) TAAE/(mg/L) 758 /(mg/L) (B & 7 RSD/%

0.494 1.248 98.1 2.15

1-H B3 [ 0.7790 1.234 2.006 99.7 0.88

2.468 3.306 101.8 1.36

0.2672 1.538 99.3 2.28

ETHI 1.282 0.6680 1.949 99.9 2.66

1.3360 2.702 103.2 1.03

1.031 9.414 99.3 1.67

R 8.446 2.578 11.04 100.1 1.03

5.155 13.80 101.4 0.92

1.288 4.679 101.5 2.00

FHRR AT 3.322 3.220 6.540 100.3 1.09

6.440 9.649 98.8 1.05
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= 3(8)
% b 7 i/ (mg/L) JA R/ (mg/L) W75 /(mg/L) B/ % RSD/%
0.1990 0.7935 98.8 1.52
BT 0.6043 0.4975 1.132 102.7 1.56
0.995 1.638 102.4 3.04
0.1032 0.2475 102.3 3.13
FHIR 0.1388 0.2579 0.3960 99.8 2.97
0.5185 0.6438 97.9 2.40
0.4004 2.437 97.8 1.30
PNZHERE 2.092 1.001 3.093 100.5 0.91
2.002 4.090 99.9 1.11
0.4216 1.937 100.8 0.93
iy 254 R 1.500 1.054 2.553 99.9 2.38
2.108 3.6513 101.2 3.00
0.0027 0.0037 97.4 2.70
AT 0.0011 0.0068 0.0079 99.6 3.20
0.0137 0.0151 101.8 3.14
0.0217 0.0641 99.4 2.42
Wik B % 0.0428 0.0542 0.0972 100.2 1.34
0.1084 0.1565 103.5 1.90
1.129 3.843 101.4 2.49
IE R ¥R 2.661 2.823 5.442 99.2 1.16
5.645 8.188 98.6 1.79
2.7 EFRHEERNE B8 A

BOATRIAL SRR 25T 3 i, 12,2705 vk il 7 Btk

1 99% Y, 43 ”Iﬁ& > =R {i’l\E é:l: nl
ARV, TECL2. 47T RN E, A, ORISR F4 SEERIES 11 MRS A Emg/L, n=3)

4 Fii 3 {2, SRR S B, HUCETHRRR T Table 4 Contents of 11 kinds of compounds in seasnake
g RT3, WEARBESRERIR T T A8 45260 medicinal liquor (mg/L, n=3)

JIE gt R RIS R 2k R 3 HEK A AL =2 190103 190301 190919  RSD/%
TEMEREE ., BTSRRI, &Ik LHIEEE 09790 07563 0.6768 518

T —WRS 2RI, SRS S A Rk — P55

O ) o . o ETHF 1.282 1.292 1.373 0.54

TE R O 58 38 T b b v 45 03 ) 1 BR RS Y R AL, 188 -
TG — AR R . AFHCE . AR SRR R RIR® 446 8769 8.627 265
[i) 52 365 2 1) 4000 5 5 AR A T35 40 BT e ol 5 o TRk T 3.322 3.356 3.364 0.72
ys R P 0.6043 0.6143 0.5949 1.17
3 HESWR IR 0.1388 0.1456 0.1449 3.36
AWFEEE L T UPLC-MS/MS 3 [a] i il 2 Vi i 24 74 AR ELA 2.092 2.196 2.100 3.45

R SENRER 2. WA, MEE. S e
FEE. AREE . Wﬁ&‘ REH . WER EEW? BT 0.0011 0.0010 0.0010 6.84
R Ea, FHEEN 97.4%~103.5%, K% EH

it Kz % 0.0428 0.0444 0.0460 2.55

0.34%~2.02%,, Z T EEESCHGE | RS 2m, nloh
U 20 R B R (0 5%, 9F B T AR M 10 52 WRTR 2661 2670 2629 024
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