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Simultaneous Determination of 30 Compounds Illegally Added in Chinese Patent Medicine for Promoting
Blood Circulation and Removing Blood Stasis Medicine by UHPLC-MS/MS

ZHANG Linlin, LI Zheng, YANG Huan, ZHENG Cheng, TANG Dengfeng’, CHEN Bilian"(Zhejiang Institute for
Food and Drug Control, NMPA Key Laboratory of Quality Evaluation of Traditional Chinese Patent Medicine, Hangzhou 310052,
China)

ABSTRACT: OBJECTIVE To establish an ultra-performance liquid chromatography-tandem mass spectrometry method for the
simultaneous determination of 30 compounds(including antianginal drugs, anticoagulant, anti-platelet aggregators and anti-
inflammatory analgesics) illegally added in Chinese patent medicine for promoting blood circulation and removing blood stasis.
METHODS  The sample was extracted by ultrasonication with 60% methanol. The analysis was performed on Phenomenex
Kinetex C,4 column (2.1 mmx100 mm, 2.6 um) with gradient elution using 0.1% formic acid solution and acetonitrile as the mobile
phase at the flow rate of 0.3 mL-min™, and the column temperature was 40 °C. Mass spectrometry was collected using electrospray
ionization (ESI), simultaneous scanning of positive and negative ions, and multiple reaction monitoring mode. RESULTS  The
linearity of the 30 compounds was good in the mass range examined, with the correlation coefficients all >0.999. The limits of
detection of each compound ranged from 1.3 to 238.4 ng-g"' and the average recoveries ranged from 63.7% to 108.2% with the
RSDs of 1.0% to 6.7%. The method was used to test 90 batches of Shujin Huoxue tablets. Paracetamol was detected in 3 batches,
while the rest of the compounds were not detected. The amount of paracetamol detected ranged from 0.16 to 0.93 pg per tablet,
which was much lower than the minimum daily dose of the corresponding drug, excluding intentional addition. The probable
explanation was the residues caused by incomplete cleaning validation of the enterprise’s collinear production. CONCLUSION This
method is rapid, accurate, highly sensitive, and highly selective, and can be used for qualitative screening and quantitative
determination of 30 chemical compounds illegally added in Chinese patent medicine for promoting blood circulation and removing
blood stasis.

KEYWORDS: promoting blood circulation and removing blood stasis; Shujin Huoxue tablets; illegally added; antianginal drugs;
anticoagulant; anti-platelet aggregators; anti-inflammatory analgesics; UHPLC-MS/MS
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2 HESHR
2.1 RAHEGE S

4, 1% #% & Phenomenex Kinetex C (2.1 mmx
100 mm, 2.6 um); AN 0.1% HERE R (A)-
ZNE (B), BEEEVENL (0~5 min, 2%B; 5~10 min,
2%—30%B; 10~30min, 30%—50%B; 30~32 min,
50%—70%B); ifi#E K 0.3 mL-min'; HiE R 40 °C;
HEREEN 1 pl.
2.2 JEIEAAE
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Tab.1 Ion pair and MS parameters of 30 chemicals

gkl

B RER T TR QIBUT RE#RE Q3BT

No. UES K () (mz) WEN BNV WZE/NV

e

| YULLUEZE  FRBEIRTE  IF 3301 1362*% -12 25 25
3122 -14  -18 -16

2 e ARBT YZmEE IF 1522 1100*% -12 17 24
b¥] S 651 -12 29 -27

3 Puogdwsy ke 1E 2672 181.2% 20 13 20
filu 166.1 -19 24 22

4 eSS kbt SIEILAR 1F 2322 113.1* —-16  —12 22
R 971 -16 29 -21

5 AESHART ZEERAR IF 1892 104.1*% 13 23 23

R 1310 -13 23 30
6 HUZHMEZ  OokRS IF 2752 230.1* 20 20 20
AR 1671 20 38 20

7 Piilil/MRZE UEEIREL 1F 5054 4293* 20 41 23
3853 20 42 -30

8 FLLARZY MR IF 4152 178.1% 20 25 20

B 1501 20 42 20

9 MRS WeMJE L3612 1472% 13 10 -19
W 3432 13 23 29

10 BERC S HWZERHY 1E 3932 373.2% 28 9 29
R 3552 28 13 26

1 eSS T SRR IF 2312 1892% 17 21 14
R BN 146.0 -16 24 -I1

o E IR 22 2024 4F 2 H 4 41 355 3 14

No. b oy B BEE T BT QLI fllfdAE Q3TUAT

KX (mr) (me) WEN BN WEV
12 B8RS 4FMR IE 3572 2332*% 13 50  -17
%2l 3401 -14 20 -I8
13 B2 BEREML IF 4053 3272 -17  -17 18

W CINOE/N 309.1% -10  -17 24

14 P MR2s  BigIHR  1E 337.3 319.3*% -13 -13 23
3013 13 -14 -I2

15 W2 EERRIRJE IE 4012 383.2% 15 11 28
W P 2052  -15  -16 16

16 B APt EI®ZF  IE 2552 209.0* -10  -13 16
P} 1051 -19 23 22

17 Efiitkdr 2884 IE 2312 185.1% 18 13 23
] 1701 23 27 17

18 AES AP EIEERE IE 3521 115.1% -13 20 22
) 1411 13 21 -1l

19 HLOLIRMZS A IE 347.2 3152%  —13 9 23
2542 13 -19 19

20 B AT JFAMZY IE 2552 237.1* 18 11 25
%2 181.1 18 =23 23

21 ik HEEEMEN IE 3092 163.1% —12 —15 12

2511 -12 20 -19
22 B/ 2 BERESA 1E 3221 212.1% 24 -16 22
NHEAS A 1842 23 21 -21

23 JEHi AT Je AR 307.2 229.2% 21 16 14

=

] 198.2 14 27 11
24 BB myb¥EZR IE 2942 276.1% 11 -16 -2l
R 2342 11 -19 -17
25 BT ZETEE IE 2292 171.1* 20 14 13
Ea) 1281 17 -39 -14
26 EHSARBT O WEISR IE 296.0 2151 21 -19  -16
%2 ke 2501 20 -13 19
27 BB AP mIMSEE IE 3581 139.0* 26 20 29
%2 111.0 =26 51 23
28 BB AP BRAUITER I 3550 2152* 13 38 25
22 2511 -13  -16 14
29 AEfS MRS ZOREM I 3821 3622% 14 28 15
REY 2812 30 42 22
30 B IART BIZPIRR IE 2422 2242 17 -16 17

¥l 209.1 -17 28 26

T *ERE T,
Note: *was the ion pair for quantitation.
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Fig. 1  Total ion current chromatogram of references and
samples

A-reference solution; B—positive sample solution; C—negative sample
solution; 1-adenosine cyclophosphate; 2—paracetamol; 3—trimetazidine;
4—aminopyrine; 5—antipyrine; 6—chlorphenamine maleate; 7—dipyridamole;
8—diltiazem; 9-prednisolone; 10-dexamethasone; 11-propyphenazone;
12—sulindac; 13-hydrocortisone; 14—alprostadil; 15—prednisone acetate;
16-ketoprofen; 17-naproxen; 18-menoxicam; 19-nifedipine; 20—fenbufen;
21-warfarin sodium; 22—clopidogrel; 23—nimesulide; 24—oxaprozin; 25—
nabumetone; 26—diclofenac sodium; 27-indometacin; 28—aceclofenac; 29—

celecoxib; 30-mefenamic acid.
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F2 0OAMLFHYHMEETE. HAREK. AUHTEE. RER. RERMERE
Tab.2 Regression equations, r, linear ranges, LOD, LOQ and recovery rate of 30 chemical drugs
No. EAi LR EA 5} A] /min mIEp r LMEEFl/mg mL! LOD/Mmg'g' LOQmgg' “FHEWEH/% RSD/%
1 BREERRY 1.90 Y=11 623.2X+81294.3  0.999 9 21.6~1078.3 26.6 88.7 80.7 1.7
2 OB 4.39 Y=4 505.73X+120 949 0.999 7 22.3~1113.0 107.0 356.6 92.2 2.8
3 kg 5.87 Y=44903.7X-11 7642 0.999 9 2.4~117.5 18.0 60.0 67.5 4.4
4 FIELLAK 7.39 Y=36229.5X-24 0822 0.9997  2.0~99.2 1.8 6.1 75.0 2.4
5 R 9.57 Y=8 811.07X+462350  0.999 0 19.1~956.4 20.8 69.3 72.5 23
6 DRMAAAH 10.19 Y=62 163.6X+31 198.9 0.999 8 1.8~90.0 6.7 222 79.4 3.6
7 PUEIAE 11.51 Y=18 832.9X+9 416.06  0.999 7 1.8-92.0 2.2 73 72.0 6.7
8 AhRHLIRAR 11.74 Y=188 235X-291 036  0.999 0 1.4~71.5 1.8 6.0 63.7 5.6
9 kel 11.78 Y=904.115X+29 097.9  0.999 0 21.3~1 062.5 55.9 186.2 67.6 3.1
10 IR 13.29 Y=757.485X+14 394.8  0.999 7 24.7~1236.7 53.5 178.4 75.2 2.7
11 LIk 13.45 Y=51 675.3X+31 9854 0.999 9 1.9~92.5 8.8 29.4 87.6 2.6
12 EPpki 15.17 Y=12 058.7X+7 085.94 0.999 8 1.8~88.3 3.6 11.9 82.0 3.9
13 BERRAEAL AT B 15.27 ¥=1760.15X-37 875.7  0.999 2 20.7~1 036.0 81.4 271.3 84.0 33
14 HFIHIR 15.58 Y=1777.93X+190142 09999  27.0~1349.6 238.4 794.8 97.1 2.8
15 BEERIK e 15.84 ¥=2 609.28X-63 550.8  0.999 2 19.5~977.1 226.7 755.7 89.8 5.4
16 EV&IF 16.52 Y=13 620.1X+7 398.35 0.999 9 17.3~865.2 27.0 90.0 106.4 1.0
17 #FEA 16.63 Y=1079.22X+10220.1 0.9993  22.0~1100.8 64.7 215.6 88.7 6.5
18 K 16.96 Y=55715.2X-675.794  0.999 9 1.7~84.7 1.3 45 108.2 23
19 FEAHFE 17.36 Y=10072.5X+228 373 0.999 2 16.6~828.8 18.8 62.8 103.2 2.9
20 J¥figY 17.80 Y=11170.3X+131421  0.999 2 17.6~879.9 78.4 261.5 84.1 2.9
21 TR 19.10 ¥=51176.7X+98 506.6  0.999 5 1.9~92.6 6.3 20.9 82.2 2.0
22 TRERESAMLA E 19.21 Y=70 223.9X+35 852.5 0.999 7 1.9~94.7 2.2 72 65.9 2.1
23 JeREFI 19.31 Y=17 660.2X+51 389.3  0.999 4 1.9~97.2 33 11.1 94.6 1.7
24 RPEZE 20.41 Y=53 700X+89 820 0.999 6 1.8~90.7 10.7 35.5 84.0 4.0
25 ZRT N 21.13 Y=1649.13X+26 603.9 0.9998  21.3~1 062.5 26.7 89.1 82.9 3.6
26 WEESFIREN 22.99 Y=14414.2X-115.54  0.999 8 2.0~102.1 6.0 20.0 90.5 24
27 Ml 23.57 Y=17306.6X-16 554.9 0.9998  2.0~101.7 3.2 10.5 97.2 33
28 BHEUFIR 23.75 Y=2 824.95X+17 097.7 0.999 5 20.2~1011.5 34.7 1155 94.4 2.5
29 FERE 26.48 Y=6 847.29X+17272.6  0.9999 16.0~797.6 14.5 48.4 92.0 3.7
30 HISPIRER 26.81 Y=48 656.1X+17 047.9  0.999 9 1.9~94.9 3.2 10.6 85.0 1.6
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A-FAMERES (5. 191102); B-FHERE IR (35 : 191104),
Fig. 2 Typical MRM chromatogram of positive samples for
paracetamol

A-positive sample solution(lot number: 191102); B-—positive sample
solution(lot number: 191104).

R3 ekt ESREANEAERR
Tab.3 Comparison of the amount of detected compound and
minimum daily starting dose

g TR

WEWs Bl 5 K ag 7 G A Fifib/mg-d”

A 191102 0.93 13.97
YO BEER A 191103 0.16 2.44 600
A 191104 0.65 9.68

SR KA XT 30 A4k -G L 2R, 45 R R W
K H10.01% HIFR S 7K AH B A 48 2 Ak & W i oy 458
%, iR 0.1% B 0.1% H f#R-5 mmol- L Z,
R g i 30 MEE WA BRI N . BT 0.1%
P P2 37 YT i 7 B X AN B R AR B/
IR B & e 2 -0.1% H BRI W M sh Al .
3.2 it b S WniEsE

AHIEFERF 2020 46 52 24 b il A 7% I A2t rh
B AT 55 B SR HEA T T D R g o s fik
ORI 7 SR o Mt R Y, T A P
JUHTFIRIT SR I, XU BE 2% 5 | kS iy v U 3t
FEM, BRI 0L R H TR T A AW . AT
RO LRSI R, B AT AR T 2y
F I TIRYT MFUE S |2 o i it 7 9 LA S ik
FI0 BN, RIERUE T “AS N 7 /g
P IEREEEIE o MRS | 0 i I A5 0 — R
FHYCHEEFNT ML/ IR 25 HEATIR YT o O i 10 785
D RERAT O B o I PR ) IR EE 24k
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AR, P/ IR R AR B . B IA B AR
PURBURZY BRI AR ZY . W MR
25 PrA B SR RIS AL 2R 7 AN TR]
PR AL, 25 A I RS PRl RS B, Jfive T
I PR 1 T B 2 34514 30 Mesz2h58), o
SR 4 A H R PTLSOR 2 (AR HF . HiU/R 6
HLORREERRAT . M SEAR) . 4 A F A BEE RIS
M/ MRERBEEZY (FRIEMR . DA B | B R S A%
T ORTIMR) VUK 22 NPT REEIR 2Y

3.3 MEZR B KA DAL

37 Z Al At 90 YR EF i I il I 25 S
N, A LRI 3 AR A X 2 kA
SRBAMERS A 3.33%, (A B ARt
LIRS BHPEAS H 2 100% .

SR FAE RS /N, Ay A s 7 S B 24K
FAL R, XGRS R H Rk E (15 ) 3
B OERWA 3, N 3T, A AR H R
M KT e, KT X R A 24 5 B A%
R H AR, FHERR AR ST ag . 2
e i) [ 5K 24 i W A R I s Bt Ak R, i
b A =LA X BRI ST, Rk, HEm
R B AT RE R TR e i A e, R TIE T REA
HHCE B AR S AU A = il i
TEIELR AR P2 I PR ST GMP $84E, B TR
TG, TRIHINGE AT BE, FRARILZRTE Y XU
3.4 /NGt

AR SLH ST T UHPLC-MS/MS [a] i bl i 75 ¢
IR A Y A T RE |y [N E /RIS TN 1
BERBT I/ M R 25 KT 2 SO 2538 30 Mb2i2y
VI . %7 32 min B A SE R0 30 Mb
B e A e A, a5 e, R
R, AT b2 A b AR R A Ak 2
AR T AR SR R P I IR
TR IR E L | JRIT PRI Z , ARIFIEAL
i A H Y 30 P Ak 254 o 76 )5 22y S5 B TAE
W, ARSI A AT, DL 4 T b g o
T AR IE T 24 1) T i
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