2024 4F 4 HAS A1 5465 4 1) KO

th

B2

Apr. 2024, Vol.41 No.4 Tianjin Journal of Traditional Chinese Medicine 503
DOI:10.11656/j.issn.1672-1519.2024.04.18 . I:F Z"/g_ﬁ}l: ?_"t .

UHPLC-MS/MS [RIIHIE i s o 6 Rl sk
AT AER FUA N i 253k 152 Be 294Xl Ty 2o

Al RES L EWE AR KA 12

(LEAFEHRFFPESHLE, RE 301617;2. K FFEH K FHESH

035

RELELFT, LE 301617)

2 [ B E) AR B AEATF S I BERIE PE OTE R B B 25030 A4 e . [F53K] S28 v R Rl

HHRRER RBBEZR e AT GERERTT A ERTTAE 6 FhiE ka4 00 8 = S50 A (6% — 5 56 TS (UHPLC -
MS/MS) Rl 157k , % 58K BRI B 45 250 B IR |, 6 FlL oA K R 1 25 430 1 245 4E . R WELCN Ultimate
XB—Cs (01445 (2.1 mmx100 mm, 3 pm) 38 EIH A 0.1% K (A)-Z 5 (B) s B6 VR  UERE R 3 s sy
0.2 mL/min; FEJE 40 °C; 7E 22 K WAL C (MRM) T IE | 7 B FRIBHINE o (45581 45 9 , K RULARE i Hr 45 i 4
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1.1 SEEshYy  SD KR, Mt R 180~220 ¢,
K B b AL S EARA FRAE [T e
5 SCXK(JL 5 )2016-0006]. Sh¥ia3E T K B
RS o RS (22+2) C, AHXHE
[ 50%£10% , PR RIERS 12 h, RIFE Y FIK A
R . B 2 T R 2 R S S e 2R
7= B At HE AT 5 . TCM-LAEC2020030) .

1.2 255 5E00 R (it : 20200802 ; H #E
IR RFRREER 73R AAT B ER A &
S 05 43 9 0.95.720.90,985.40 .4 321.25,
20 213.25 pglg), HRHEEH R 24 K24 A Bl < B
Pt HEDRER (15 :20041002) , RFRELZ (35
20121604), FF3 & (L5 20042801 ), i B E A
(4L :21022605) , 3% 7 1 (#t5 : 21022608 ) , #4114
H S AAS RS A R A FRA R . A5 (it
200309011) , #if Bz F (L5 : 19091104 ) Il [ A 4B 1
A HE AR B A5 LA B 2l 34 = 98% .
PPz (34, 75 5] Merck 2\ ) ) 3 2 (03845, 74
Merck A /] ) ;s R (3540, B L Fluka) ; &R 2
B (A el , KA R IE ) s IFR 8 (R k27
25 A PR ] ) 5 5286 K i B IRAR K .

1.3 %% AB QTRAP 4500 = UL AT %Y %
4i( [ AB SCIEX 4] ); LEAGENO MICRO 21R /)N
AU UL (ZE E Thermo SCIENTIFIC) ; MS205DU Hi,
T RAF (Bt METTLER ) ; Vortex—Genie2 8 E{Y
(32[H Scientific Industries ) ; FAEKHL(ZEE Millipore);
UC-6100 ABA TR (KEE Amerithch); EYEL4A CVE-
3000 kLS L4 ( H AT A3 146 ) sMULTIFFUGE
X3R B0 HL(SERE Thermo SCIENTIFIC ),

2 FEE4R

21 34 fF  WELCN Ultimate XB-Cys {01543
(2.1 mmx100 mm, 3 pm) ; FEHAHA 0.1%H 7K (A)-
NG (B), BB EEYERR (0~2 min, 20% B;2~3 min,20%~
26% B;3~5 min,26%~34% B;5~7 min,34%~40% B; 7~
10 min,40%~60% B;10~15 min,60% B;15~15.01 min,
60%~20% B;15.01~17 min,20% B); i # 0.2 mL/min,
HFEE 3 L, AR 40 °C.

22 FUESAME RS BT (ESD , IE B
TR RIS 4 . B M s i Rl E O 4.5 KV
(ESI+)8% 4.5 KV(ESI-); B IR & N 500 C;
BFIRAMR T | AR AV A AR 51 B R 40,
50 F1 10 psi; 75 1F & A (ESI+ ) T 23047 % R0 R 1

A TR AR (TS), fE 08 T (BST-) F
I FERIR ARFRREER TSR ATH KTy
2 22 S B (MRMO) R 6 A I 23 A ) A A
PRI BTSSR 1.

®1 KRMEF 6 FesU R NRRIESE
Tab.l Optimization parameters of mass spectrometry of

6 tested substances and internal standard(IS) substances in

rat plasma
Lo BT TR XRRIE iR

(m/z) (m/z) (V) (V)
KR 469.2 4253 -195.5 -54.8
NS 285.0 133.1 -138.6 -43.0
TR 269.0 117.2 -122.7 -48.9
AJETT 525.4 449.5 -45.6 -203
FETHMR A 642.2 325.1 75.0 23.9
S 552.3 249.2 69.8 20.5
Mk B F7 (18) 449.1 303.0 42.1 16.6
2.3 RS

230 IR ECH] o3 DR AR EUH B R
g ABEZE R AT EBER A L5
FRUES S 10 mL 255, A H BT 50V i
SEAS B 1 mg/mL X RS AE VR, T 4 COKAR IR
e

232 NFRIETRTCH] RS 25 PR IBOH K A vf il 2k
A 10 mL IR, A B e 25, Bak
1 ng/mL WARME &I, T-20 CUKAR AR~ AF , I F AT
BN bR BGE 1, FHH BEFRRE R 100 ng/mL [ AR
R

24 (P RUMHAES RS ARSI tE R
ST HRLIML 5, B SD 4hid KB 16 H, KR
BEALST A WI2E , RE2H 8 HL, A7 A8 B B, 4 1oy 7 ]
F23d T, 42T 12 h ZREORES K . AR S ) ik
WU R e R A 2550109 173,16 g 48 2h/kg, A 24 Tl PR
T 124.4 £ 25 2545 BEOR BRI 1R I 2 B kg 45 28
10 mlL, YR 15 205 24 T IR AR B 7, 43 WIAE 45 245
(0h) PAK4525)5 0.083.0.25.0.5.0.75.1.1.5.2 .4,
6.8.12.24 .48 h F K FUAR HEF kUL, & FIRA T
ZANAYES LA T, 3 500 r/min B0 10 min, B0 2FE4R
8.5 cm, ZME I, T-80 CYKAEAHAE , ELE MW

2.5 IMIEAESARIR T WEHR 100 pL 5 25 i R A
AL 10 pL. FR (100 ng/mL Hit B2 H ), 1 mL 2R
T8 IR TE 3 min, 8 000 r/min B5.L> 10 min, WH 15
1 mL, AR 46 HL4%E )5, A 100 w3 shAH

bR
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Fig.1 MRM chromatograms of 6 active ingredients and IS
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2.6.2 PBRfERNZR R ZEER A ORI 100 L
A TR A 100 pL KERZS (I35,
¢ 2.5 TR HEATACIE, B SRAR IR R 7 AR
I3 WIS A0 T e BE (ng/mL ) AR AR AR (X)) , A

ooty g T B P s 06 T R LU A R A A (Y ), R
TR /N — Ik 647 Il )38 58 AL A 1/X2, 23]
PRUEMIZR . S5, &0 & W 2E A I3 FEl N £tk
KR R (r>0.99) 55 G A REA 0BT 7 ik (223K
A AREIN B A3 R bR o I 27 R AHOC R AR, R
FE BRI 2,

F2 MEFEFUESHUEEFE HXRZH EE TR
ZHSEE
Tab.2 Linear equation, correlation coefficient, linear range

and limit of quantification of the components in rat plasma

FEHE TR Rk

BAIEY] SRk r

(ng/mL)  (ng/mL)
HHFXE  Y=0.0067X+0.0386 0996  10.0  10.0~500.0
AREZE  ¥=0.0296X-0.0025  0.996 05  0.5~500.0
% Y=0.029 7X+0.0255  0.999 05  0.5~500.0
SERED Y=0.004 2X-10.0020  0.999 20  2.0~200.0
HEBEERY A Y=0.0159X-30.0056 0.998 50  5.0~500.0
T ¥=0.037 9X+0.0184  0.998 0.5 0.5~200.0

2,63 KEEEAVESRE #7262 W FalECE 6 F
BT R BLAARR H L 3 4 8 1) o o 4 Tl R
(QC), BB FATHLE 5 FE #2725 T " 4
VB, B85 H KR . BB PATHIE 5 esh,
HEMAE 3 d, HEEH ARG, it A xR 2=
(RE% )R HERH L , LIAHRT A5 1 I 22 (RSD% ) PEA
K% . MK 6 Pl 7 B EE T R H Y .
H [H)7ERA B2 RE RSD {A 15K 3. 45 R RUIZ 0
A B FIORS 2 B e n 232 Ve LN L 6 FRAb &4
TR BRILRAE 5 rb 0 5 o v P {5, b 2 B A
TS R A

2.6.4 FRIUPISCRFNETAANY, K 2.6.2 TUT 435
Fe % 3 IR RS QC FE A 100 pl, T
Ja  MPkR, 25 ALK, L8 1R A BS JERE, 15
AER W TR A BZS L3, I R R, B s
TJE L MA QC FE&L, I bR, B EIE T, ik
FEIASAR R T AR B3 I QC FE Al I , I E T
FET 5, B e AE N I T FR C o R D=
A/Bx100% ; FE TR =B/Cx100% . 25 201 , 1l 3%
M H B IR ARBRRLR 7R AT T A

&3 KRMRF 6 TR HIFEESEREST

Tab.3 The precision and accuracy of 6 ingredients in

rat plasma

[kt H A Fl ]

b WE B RSD B RSD
(ng/mL) (%) i . (%) i
T 15 16214245 1506 108.07 14.8242.02 13.63 9881
60  5637¢578 1026 9388 5840:7.46 1278 97.34
500 485.64+42.11 870 97.13 461.90+59.56 12.89 9238
VNS 2 1.84+0.33 18.13 9190  2.04+033 1639 101.93
50 52994650 1228 10598 46.76x543 1161 93.51
500 447.58+32.54 727 8952 44543+41.69 9.15  90.09
K% 2 201021 1044 10030  1.83:035 19.10 9137
50 49.67+6.67 1343 9934 4550:5.67 1246 91.01
500 486.54+60.50 1429 9731 471.4453.12 11.27 8429
L 5 4612048 1047 9212 4812091 1893 96.19
20 19724210 1066 98.58 2022+2.98 1474 101.06
200 196.85+23.12 11.74 98.42 217.58+23.03 10.58 108.79
BREEEF A 10 9.69+047 490 9658  8.99:0.87 9.67 89.86
50 4795:¢329 686 9591 4639+323 696 9278
500 501.98+17.04 340 10040 484.13:32.90 6.80 96.82
LN 2 233:0.34 1449 11650  2.14+036 16.58 107.20
20 19.66£1.65 841 9830 20.70:2.96 1433 103.49
200 207.65+7.10 342 103.82 190.82:18.84 945 9541

5% 1 $E IR IR AE 86.03%~114.52% , HE I
RN TE 85.10%~109.54% , W35 4, F B K B if 3¢
HH A PR S 4 TR T R 00 G 1 A T 5 i 458 0, L
I 2% R g P B I TS24 5 00 i ) 5K

2.6.5 faEtt B 100 pl, $% 2.5 W F
EAEALPRIET )5, 0 B AR o AR B AR
WIEHE T 5, 76 A st RER e 6 h, s Hog
WA e ;3 d INTEAT 3 IR VR BIE A CRE A #E-80 °C
Bk 24 h 5 FEE W T 522 7R 30 min) , B4R
ARG E M 5 -80 CHLHE 7 d, HEH K W e,
BENR L IRERSEA TR S 03 o 85503 5, B S R
e R 3 Mg AF A T RV RSD ¥/ F
19.32% , i W BE RSD #1708 T 14.03% , 555 )
B I K

2.7 2RI KRR B i IR
K ST ) UHPLC-MS/MS 4341 7 30 5% 6 Fh 1
T B35 B [ I 24 R L LGP 357 247 e g — Bt
[a] £ PR 2. SR DAS3.0 #Fd 7 Al b 2 Akl
UG, TR ] () , B K IALZY 1R JEE (C) 5 ML
2 -t R 2R R A (AUC), T 2 1 (10,
Y5 E BRI Al (MRT ) 55245 32 2800, 45 R LK 6.,
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Tab.4 Extraction recovery and matrix effects of the

6 components measured

3 tig
ASPRABZE A X R TR R 7 BEATHR ML, O X
P 17 Bl AT S E , 45 R R,

T He BE PR Br9iyydI e L i
CL J S — e — e Wifig A 351 SRR PR AT R TR k%
ng/m xts 4 xts 4 T e A L o
5 ALk 5 = éL\ ==
EE RN 15 87.30£15.01 1720 109.54+ 7.38  6.74 L /jﬂjmjﬁﬁ L%ii EN
| ~
60 86.18+10.09 1171 105.93:10.63 10.03 16 ¢ 4 2h/kg AT I EART , 45 0~24 h 9, 7ER
2 A L LR AN
500 92.70+13.69 14.77 105.24+11.47 10.90 B 24 i PRSI 1) B R AT 6 AT, 4y
KFREE 2 9155+ 744 813 10533 298  2.83 AR HERER ARBRER 7FRER AT R
50 107.54+ 171 159 9642+ 7.88  8.18 Fg A GGy, B H IR & m e, X Al 22y
500 11227+ 694 618 100.32+ 4.07 14.06 W R EAVE B BT W), HoAs & i AE R R & 2510
S 2 99.27£1492 1503 10025+ 942  9.39 W S R TE TR,
500 11035+ 235  2.13 10125+ 421 4.16 . SN \ . .y
- oo 4ol i85 or40s se0  ous ik, [RIEHIN e KRR 2R 6 B i A ik,
A2 .09+ 4. . 40+ 5. .
XPE T AT T RHIE . HRZ T RN F IR 2548
20 9694+ 820 846  97.69+ 559  5.72 SR A T 6 R A e BU PO 1 25
Z\‘ AN
200  88.00+ 548 623  93.12+ 297  3.19 st e j ¥
HERRY A 10 88.55+ 3.55 4.01 8510+ 3.16 372 & IR 1 25
50 8603 310 360 97.17+ 737  7.59 3.1 FUARIRTSE: GAIAH PRI R IERE TESE
500 8585+ 413 481 9308+ 127 136 AT AE S A AL BT O SR R B LN AR Y
R 2 11280 343 3.04 98.69+ 419 4.5 EBEER AT TAAL R RE R L 25 T /R
20 11452+ 420 3.67 98.63+ 593  6.01 FIUTTE I A MLV 3 26 BUR Fl 7 1 , 2 282 R
200 108.79+ 5.07 4.66 9631+ 131 136 215 2. TR A 19 15 £ 10242 o 2% 184 0 R 1% T4k
£S5 NER 6 RN TREMEZERLER(n=5)
Tab.5 Results of the investigation of the stability of the 6 components measured(n=5)
T A g s E M VRAE AR T KAfae
SrHT — - -
(ng/mL.) Xaks RSD(%) Xaks RSD(%) Xaks RSD(%)
KR 15 1621+ 2.45 15.09 15.95+ 1.03 6.48 13.29+ 1.59 11.93
60 55.78+ 0.00 8.07 67.52+ 3.07 455 60.94+ 3.47 5.69
500 487.62+42.24 8.66 476.17+47.12 9.90 491.31+20.26 4.12
VNG 2 1.78+ 0.28 15.71 2.33+ 0.17 7.24 2.17+ 0.17 7.61
50 48.89+ 6.11 12.49 44.73+ 6.26 14.03 44.81+ 4.80 10.71
500 464.48+56.62 12.19 463.95+10.76 2.32 465.84+17.26 3.71
FRE 2 1.96+ 0.13 6.50 1.65+ 0.16 9.51 171+ 0.22 12.59
50 42.66+ 3.11 7.28 51.29+ 3.92 7.65 47.01+ 4.90 10.43
500 457.71£56.45 12.34 499.78+ 7.61 1.52 445.27+37.88 8.51
ISESRES 5 5.38+ 0.53 9.93 4.86x 0.30 6.18 5.57+ 0.26 472
20 21.66+ 2.28 10.54 18.85+ 1.31 6.59 2246+ 1.23 5.47
200 196.47+15.45 7.87 193.08+ 8.93 4.62 220.18+ 5.16 2.34
TR A 10 8.17+ 0.12 1.49 10.27+ 0.56 5.44 10.25+ 1.22 11.94
50 48.05+ 2.38 495 51.23+ 1.32 2.58 54.81+ 3.78 6.90
500 508.54+27.05 5.32 526.73+13.62 2.59 541.94+24.86 459
R 2 1.87+ 0.36 19.32 2.15+ 0.12 5.58 231+ 0.15 6.71
20 21.43+ 232 10.84 2275+ 1.41 6.21 21.95+ 1.48 6.75
200 197.98+18.90 9.55 215.10+ 3.22 1.49 212.40+20.31 9.56
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x6 AXREBBERERE 6 MANHAINESH (xes,n=6)
Tab.6 Pharmacokinetic parameters of 6 components after gavage of Qinggan Tongyin in rats(x=s,n=6)

EY To(h) Con(pg/L) AUCq[ (h-pg)/L] AUC»[(h-pg)/L]  MRTqy(h)  MRT(h) tin(h)
R/ 19.33+7.34 318.09+121.06 9 738.83+3 146.61 15969.32+7 141.10 23.19+1.16 50.92+13.36 34.12+11.12
RERREZ 4.32+2.36 99.71+ 45.84 538.05+ 243.14 544.63+ 251.21 5.29+0.40 537+ 0.44 1.18+ 0.25
NS 4.68+2.70 21.71+  3.15 148.41+ 5594 156.24+  51.70 5.91+1.10 6.46+ 1.08 2.76x 1.69
ISESE:R 0.56+0.50 69.81+ 30.06 22532+ 43.85 23776+ 46.32 3.68+1.01 422+ 1.07 244+ 1.26
AT A 0.44+0.54 32.67+ 12.97 82.11x 21.22 11581+ 28.00 2.63+0.68 5.55+ 143 397+ 1.12
URiNES 0.50+0.56 9.00+ 6.21 1240+ 449 19.54+ 8.88 2.23+0.98 5.68+ 4.11 537+ 0.44

% (ng/ml.) e (ng/ml.) WL (ng/ml.) I (ng/ml.)

e (ng/ml.)

e (ng/ml.)

E

60+
Y 454
30
&
o

— 1 1T T 1T T T
16 20 24 28 32 36 40

Q&g’.\? N @" ~ N

<.

HEYR R 0~2 h

{

4 12
R

80
3 60:

3

£
Eg

B
é 20

T L T 1 L) 1 ) 1 1 1 T ) 1
0 4 8 12 16 20 24 28 32 36 40 44 48 K
ENEES o

404
~ 30

5
?: 204
g 104

¥

1 L) 1 J 1 | J 1 \J 1

16 20 24 28 32 36 40 44 48 o

K

S eF T o
FoP & N

ARJEEZ 0~2h

{

2.

P S
gﬁ,’} N A

FrE# 0~2h

]

60-
504
2 401
£
% 30
=
2 B
£ 104
T T d
T T T L J T T T 1 D O P N " ‘v
0 4 8 12 16 20 24 28 32 36 40 44 48 RN N
ESEES ATZHH 0~2h
8-
= e
£
)
Z
=
® 2
2]
T T !
DN S SN A SR S S A S S &g’}?&@%\\?m
4 8 12 16 20 24 28 32 36 40 44 48 o
T HEUAT 0~2 h
60 501
. 404
40 E 50d
£ w
=
T, 204
2 &
% 104
T—T—T—T—T T !
1 1111111711 P 2N e
4 8 12 16 20 24 28 32 36 40 44 48 FP o N

BB A

FERE T A 0~2 h

B2 KREBBFRERE 6 MAIHMERE-
P 8] i 2% (s, n=8))

Fig.2 Blood concentration—time curves of 6 components

after gavage of Qinggan Tongyin in rats(x+s,n=8)

FH R BT A B, 5 mT UK 21 B 22 543, B LA
R4 R CBE AR TR A BER BRI K 5 (o 45
TEFEK - FRGE AR BB 53 13 W I3 AT, ZE 7K AR
T 0.19% PR S WEIE W e Aty (BT 34 A — 3 R 5
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Simultaneous determination of six active ingredient in Qinggan Tongyin by UHPLC-MS/MS and pharmacokinetics in rats
QI Jige',ZHANG Xiaoying', WANG Liwen',ZHOU Kun'?*,ZHANG Yue'?

(1. Institute of Traditional Chinese Medicine , Tianjin University of Traditional Chinese Medicine , Tianjin 301607 , China; 2. State Key
Laboratory for Component-based Chinese Medicine , Tianjin University of Traditional Chinese Medicine , Tianjin 301617 ,China)
Abstract; [Objective] The aim of this experiment is to study the pharmacokinetic characteristics of the active ingredients of Qinggan
Tongyin in rat plasma. [Methods] An ultra performance liquid chromatography tandem mass spectrometry (UHPLC-MS/MS) method was
established to detect six active ingredients in rat plasma,including glycyrrhetinei acid, luteolin, apigenin, paeoniflorin, forsythiaside A,
and phillyrin and investigate the pharmacokinetic characteristics of six components in rats after oral administration of Qinggan Tongyin.
Using WELCN Ultimate XB-Cj3 column (2.1 mm x100 mm,3 pm) Separation;The mobile phase is 0.1% formic acid water (A)-
acetonitrile (B);Gradient elution;Injection volume 3 wlL;The flow rate is 0.2 ml/min;column temperature is 40 °C ;Simultaneous
determination of positive and negative ions in multi reaction monitoring mode (MRM). [Results] The research results showed that the
linear relationships of various components in rat plasma samples were good (r>0.99) ,and its intra-day and inter-day precision,accuracy,
stability,matrix effect and extraction recovery rate all met the analysis requirements of biological samples. The pharmacokinetic
parameter results show that the t,, of each component is 1.18 to 34.12 h,T,,, is 0.44 to 19.33 h,C,,, is 9.00 to 318.09 pg/L,AUC,,, is
12.40 to 15969.32 (h-pwg)/L,and MRT,, is 2.23 t0 23.19 h. [Conclusion] The detection method established in this experiment is fast,
accurate,and has good repeatability,and can be applied to the pharmacokinetic study of glycyrrhetinei acid,luteolin, apigenin,

paeoniflorin, forsythiaside A, and phillyrin in rat plasma.

Keywords: Qinggan Tongyin ; pharmacokinetics ; UHPLC-MS/MS; plasma



