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Rapid determination of 34 chemicals illegally added into Chinese patent
medicines and health foods with blood pressure lowering function by
UPLC-MS/MS
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Abstract: Objective To establish a rapid and accurate method for the determination of 34 chemical hypotensors which were illegally
added into the blood pressure lowering class Chinese patent medicines (CPM) and the blood pressure regulating class health foods.
Methods The UPLC-MS/MS method was adopted. The samples were extracted with methanol by ultrasonic processing and separated
on a Waters Acquity BEH-Cg (100 mm x 2.1 mm, 1.7 um) column with 0.1% formic acid methanol (A) and 0.1% formic acid water
solution (B) as the mobile phase by gradient elution (0—35 min, 32% A; 5—=8 min, 32%—50% A; 8—12 min, 50% A; 12—14 min,
50%—60% A; 14—16 min, 60%—80% A; 16—18 min, 80% A; 18—19 min, 80%—90% A; 19—20min, 90%—100% A; 20—21
min, 100% A; and 21—22 min, 100%—32% A) at a flow rate of 0.2 mL/min, and the column temperature was 40 C. A positive-ion

(ESI") source and a MRM mode were used to separate and quantitatively determine the chemical hypotensors. The obtained molecular
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ions, fragment ions, and retention time for MRM channels were used to identify the 34 kinds of drugs by comparison with those of
reference substances. The obtained peak areas were used to determine the accurate content of chemical hypotensors in the blood
pressure lowering class CPM and the blood pressure regulating class health foods. Results A good resolution of 34 kinds of chemical
drugs, including clonidine, captopril, yohimban-16-carboxylicacid, L-tyrosine, hydrochlorothiazide, furosemide, indapamide,
minoxidil, hydralazine, atenolol, lisinopril, dibazole, metoprolol, bisoprolol, prazosin, terazosin, propranolol, enalapril, quinapril,
benazepril, dilthiazem, doxazosin, nicardipine, nifedipine, amlodipine, nimodipine, felodipine, nitrendipine nisoldipine, valsartan,
telmisartan, candesartan cilexetil, rbesartan, and olmesartan medoxomil was obtained under this UPLC and MS/MS condition. The
limits of qualitative and quantitative were in the range of 0.1—0.5 and 0.3—1.5 ng/g. The standard addition recoveries were in the
range of 81.4%—118.9%. Conclusion The method is simple, accurate, and with high sensitivity, which can be used for the
determination of illegally added chemical hypotensors in CPM and health foods.

Key words: UPLC-MS/MS; blood pressure lowering class Chinese patent medicines; health foods; illegally added; clonidine;
captopril; yohimban-16-carboxylicacid; L-tyrosine; hydrochlorothiazide; furosemide; indapamide; minoxidil; hydralazine; atenolol;
lisinopril; dibazole; metoprolol; bisoprolol; prazosin; terazosin; propranolol; enalapril; quinapril; benazepril; dilthiazem; doxazosin;
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Table 1 LC-MS/MS parameters for 34 kinds of chemical hypotensors

fr/min I REHAX BB k) EEET (mk) EWET mbk) BV REEfERevV
1.25 HizE ES+ 211.9 139.1 166.4 20 18,15
125 B4R ES+ 266.9 144.7 73.7 28 25,25
1.25  dhEJr i ES+ 160.8 88.7 115.8 28 20, 15
149  SAWEE ES- 296.0 269.2 205.2 38 20,22
1.93  ERTRE ES+ 230.0 160.1 124.1 30 25,31
2.58 A F ES+ 406.3 83.9 246.2 32 28,25
3.14  KikHIR ES+ 210.0 164.0 110.0 28 24,25
359 RAGEA ES+ 217.9 70.1 116.1 20 20, 14
4.04 WATRFEICIEIR ES+ 268.0 115.8 97.8 32 20, 20
430  EhFRRR R MR ES+ 388.3 290.2 2472 40 45,30
490 b LM ES+ 209.0 130.9 90.8 42 25,30
6.95  HRERURMEE ES+ 384.2 94.6 247.1 39 42,28
8.44 EHLRILERIK/R ES+ 326.3 115.9 73.9 33 18,24
8.95  WREEXK ES+ 331.1 81.0 — 10 10
9.18 Wil ES+ 366.3 132.2 91.1 25 28, 42
938 R LK IR ES+ 260.0 116.0 183.0 30 19, 18
9.57 L RRAKHEF) ES+ 3772 2342 129.7 30 20, 28
10.75  FAIR 2 VD MR ES+ 452.3 3443 247.1 34 32,39
10.90  EhFRH/RH 5 ES+ 415.1 177.8 149.7 27 28, 45
11.41 gk ES+ 480.3 315.1 147.9 32 25,25
11.58  BEyIHNES ES+ 559.4 207.0 4292 24 28,19
11.77 R UL 2F) ES+ 4253 3512 189.9 35 22,32
13.84  FHAHL ES+ 347.2 254.2 194.8 17 19,32
14.15 A ES+ 609.5 195.2 174.2 48 38, 44
14.98 o UlybiH ES+ 4293 207.1 195.1 32 26,21
15.27  EhpRuE AR ES+ 439.3 2342 160.0 38 28,32
1537 KRR AT ES+ 409.1 238.1 294.2 13 12,11
15.88  FAkybi ES+ 515.3 276.2 497.4 46 48,36
16.75 e R ES+ 361.0 315.3 329.3 16 12,12
16.78  4ivbiA ES+ 436.5 235.1 291.2 19 22,18
17.17  JE5EHT ES+ 343.2 301.5 255.6 32 20, 28
17.50 JEeRHT ES+ 389.1 239.0 195.0 16 20, 20
18.02  FEyKHL ES+ 384.2 338.2 352.2 15 12,11
19.82  HyPIHES ES+ 611.4 4232 338.1 22 13,23
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Fig. 1 TIC of 34 kinds of chemical hypotensors
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Fig. 2 MRM chromatograms of quantitative ion pairs for 34 kinds of chemical reference substances
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Table 2 Linear equation, correlation coefficient, recovery rates, precision, LOD, and LOQ for 34 kinds of chemical hypotensors

2 i T ro SMVERE/(mgmL ™) [FE/%  LOD/Angg ) LOQ/(ngg ! KB E /%
il Y=9745X—10532.0 0.9923 12.5~500 96.8~104.5 0.3 0.9 49
RAEZ M Y=859.0 X—6281.6 0.991 6 3~300 93.7~115.8 0.1 0.4 3.9
Egl 2 Y=5 844.4 X+55.37 0.990 8 25~1 000 86.7~119.0 0.5 1.5 5.6
SRR g Y=4449.7 X+27497.6 0.997 1 3~300 93.9~116.3 0.1 0.4 3.0
pulzeeio] Y=504.2 X+2 672.5 0.999 2 5~500 90.8~107.1 0.3 1.0 1.8
R 9% R Y=15502X+13707.0 0.9973 5~400 86.1~110.1 0.1 0.3 5.6
EN G Y=187.8 X—1632.9 0.998 6 12.5~500 90.7~104.3 0.5 1.2 2.0
KR Y=2936.1 X+16 6472 0.999 2 5~400 81.4~116.8 0.2 0.5 0.8
IRIREFRIMEE  Y=1205.7 X+18599.6 0.994 4 5~400 86.8~114.7 0.1 0.4 2.7
SRR WK kg Y=3513.3X+12063.9 0.999 1 3~300 93.6~113.2 0.1 0.3 1.7
WARFEFLHE /R Y=734.3 X+8538.7 0.9970 5~400 96.2~116.3 0.1 0.4 1.8
Eh 1R Hh [ Y=4620.4 X+10232.9 0.999 6 3~300 101.8~117.6 0.1 0.4 2.8
TR IRAK LR Y=2 466.8 X+7260.2  0.998 7 3~300 103.5~116.2 0.1 0.3 1.4
5] 325 A fie Y=581.4 X—3 680.0 0.993 5 5~400 97.7~103.7 0.1 0.4 1.9
W ZEK Y=131.3 X+2 028.4 0.998 1 5~500 93.4~99 .4 0.3 1.0 42
BRI RIEIR Y=56473 X+195912 0.998 7 3~300 99.8~118.9 0.1 0.4 13
TR 2R /K Y=14989X+15984.5 0.994 8 3~300 99.1~120.0 0.1 0.5 0.9
LSS Y=1739.5 X+3 908.2 0.999 8 5~400 91.1~110.9 0.1 0.4 25
MR Y=4712.6 X+16889.1 0.998 3 2~300 106.3~119.8 0.1 0.3 1.3
FiER 2 yb M ¥Y=2232.8 X+19 527.3 0.996 0 3~300 93.0~118.8 0.1 0.3 1.5
LR UUREF]  ¥=2010.0 X+8167.5 0.9993 3~300 100.8~117.6 0.1 0.3 0.7
EMMUREI R Y=12192.7 X+28 960.6 0.998 9 3~300 95.3~110.1 0.1 0.3 1.4
EAIREE| Y=7418.7 X+26 010.0 0.997 7 3~300 95.7~106.2 0.2 0.6 1.2
IR A AT ¥=680.2 X+652.2 0.999 9 5~400 93.0~116.8 0.1 0.4 1.6
Hil 2K H Y=913.7 X+8713.1 0.995 8 3~300 91.4~118.6 0.2 0.8 1.5
JETE LT Y=745.9 X—4639.0 0.999 3 5~500 88.7~112.5 0.3 1.0 3.0
il Y=23752X—10076.0 0.9936 3~300 83.2~115.8 0.1 0.4 49
(2P SUEE Y=45415X+56633 09986 3~300 104.1~119.5 0.1 0.5 1.2
SRR IR Y=1615.8 X+27582  0.999 7 3~300 90.9~107.7 0.1 0.2 1.0
HivbiH Y=234.7X+24178 0.998 5 5~500 101.0~108.6 0.3 1.0 23
Wb yb IS Y=229.7X+24710.0 0991 1 5~400 104.0~119.8 0.2 0.7 2.1
JE R Y=485.8 X—3 983.1 0.998 9 5~500 86.9~106.3 0.5 1.5 3.4
i o Y=580.5X+12387.1  0.993 4 5~500 85.0~118.5 0.4 1.2 1.1
JB B Y=1761.4 X+5.665 0.994 3 3~300 100.8~118.9 0.2 0.8 6.7

TIATRIFEIE IR« ERIR ML UM, EhSRIRARI I
WA ARG . IRIEK . H MR IRK . h Ml 257
IR BSGVPIHME . SRR S R FHBR 22 70 ek |
LGS Lo N e YN N ERUAG 73 = I R T 174
A TBE N N S SE N ENIIEE 3618 NN N = ¥ S %
WL SRR AvbiE . YOy IHER . Je %Ki
T AR HOT L ST T 3 TR 5 203 i
0.49. 0.45. 0.48. 0.50. 0.51. 0.48, 0.42. 0.51.
0.48. 0.50. 0.51. 0.49. 0.48. 0.42, 0.45. 0.49.

0.49. 0.49. 0.50. 0.47. 0.49. 0.49. 0.50. 0.49.
0.49. 0.43. 0.48. 0.52. 0.48. 0.49. 0.60. 0.44.
0.49. 0.43 mg/g (n=6); RSD 734 3.3%- 5.9%-
5.6%. 4.6%. 3.0%. 6.0%. 5.6%. 2.8%-. 5.7%-
1.3%- 2.5%- 2.2%- 3.7%- 5.7%- 6.8%- 2.4%.
3.5%+ 3.1%. 1.9%. 2.9%. 3.5%. 3.4%. 3.0%-
1.9%- 2.7%- 4.5% 2.1%- 4.3%- 3.0%- 4.2%-
2.8%- 3.6%- 3.2%. 4.1% (n=6), FWiZjikE
B
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29 FBEMRE

WESMERIF — il (S
R ESA g 200 ng/mL), 3 i BC S 8 R
0. 2. 4. 6. 8. 12 h, KikillzE. MWRH ik 34
22251 i R I T AR AL RSD, 4551
BITE 1.6%~4.8% (n=6), FKWEIRMEEIK 120 KN
FaE
2.10 MNHEREKERE SHEZERG

R B RRUAS T 34 Bl 2% 25 (1 B 1 g 2577 (o mp
BT, BRI AR GEMRER . 8B
AR D UFIRER (B R 2 AR 9
B, BEOFREL 0.5 g, %4> 3 4l, ilE T 100 mL
S, IR A RS R, [ “2.3.27
TR 77 A, A A 2 I T
WY, K 34 Bhik2E 20 3 41, Forb dh b L
HREIR 2 VD ik | SRR TSR Fhi DU )
ERTRIR IR . oK ubH L R ZEUR R . ok R K
AR, SRR & BRRILRIE/R. ShIRJe i
S BRI RER L JE LY EAT 0.5.1.042.0 mg/g,
IR PR ST SRRy s L YA R S FT IR
By R OKRIEHUR . RAGER]. SRHVDIHER, B
FU MBS WA, FIEZ I, FI-E e S
L R REHSEEAT 0.8 1.64 3.2 mglg, IRVSHIE .

IR AR E . AR MENR . AR, b, BR
oL O R] . PRIEKIEAT 1.20 2.4, 4.8 mg/g3
ATIACE R AR . 45 IR 2. WK 2 Af
W, 34 Bk 2= 25 FRUEINFE I, & sk B
SRR BIAE 80% ~120%, 125 B EL A i 145

FI P RS 85 B R0 T R 25 B 38 SR S K SF- b
0.5 mg/g A FARES, 4% “2.3.27 TR ki AT42
B, $ “2.17 K0 “227 TNl 4Rk
W, H RS RS S0 6 e 1S3, Hin
KA R HELL 3 d RN EAEH . 4558, HN
K5 (F) RSD $7HI7E 1.8%~6.5%, [ IRIRE % 1)
RSD #EHI7E 1.9%~10.3%, W55 BT
211 H&ENE

AR FEILCBE I T S v e 2 B AR i i 17
b, B A RRRESS, 4% “2.3.27 TR 5l R
BV, A5 2,170 €227 TR T A4 i)
HEREDE , AR B B 10 R s e AR, SR
FAAMRE T SRR i S A 2E 251 . LRI R 28
HH RG24 BT I S ORAR £ 17 bk CRUFEIREE.
FAl AFVEANFFE TR, R, 12 #Lf
JER A TR s A 2, 5 BRI R
A S P 4 R TRy, BHTEE R
80%, ML) MRM (i LK 3. FES AT R

LAl
Jl'\ i T T j j )'\I T T T 'I_Az
A I-B1 x LB
-C1
. i e i -C2
D1
: ) | S ) A 1-D2
A . . . LEl o I-E2
A I-F1 A L-F2
A -Al A 11-A2
A 11-B1 X 11-B2
i 1-C1 A 11-C2
11-D1 11-D2
.............. Dherererrrereerrreperererrereeree NN YUY | SUSNICIS Ry i
§ I-E1 A 1I-E2
1I-F1 N 11-F2
o s o 15 20 o s o 5 20
t/min

A1-217.9—70.1 A2-217.9—116.1 B1-347.2—>254.2 B2-347.2—>194.8 C1-409.1—>238.1 (C2-409.1—>294.2
D1-361.0—3153 D2-361.0—>329.3 EI1-296.0—>269.2 E2-296.0—205.2 F1-377.2—>234.2 F2-377.2—>129.7

E3 xWB@m () R () FHRFFREEH (A). HEST B). FERI[IMT (C). BHT (D). SKEE (E)
OREGKABLH (F) B9 MRM EE (1). EM Q) BFHEIEE
Fig. 3 MRM chromatograms of qualitative (1) and quantitative (2) for ion pairs of captopril (A), nifedipine (B), amlodipine

besylate (C), nitrendipine (D), hydrochlorothiazide (E), and enalapril maleate (F) in reference substances (I) and samples (II)
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FOEA L JEREHT . IRAEIR A ST USRI
LG AR M AR R - o it 24 075 T )

3 i

ATPERPEATFEA . FAESAMIAER 2

IR 0.5~137.7 mg/g, 4R NFE 3.

#x3 HREEREHES h=3)

Table 3 Sample information and detected components (n = 3)

g5 —rEA

p=u R ]

Weas TR AW, ORI

Ff b 44 B FiA% HAESC it [VNETR S
MR R 0.4 g FEZHUET 220090189 1408014 YT PHEIGZNL A BRA FeRy
Bl KA 0.25 g EZET H14022937 M02072 5 fo L 25l A BR A H) A H
EHHMEER A E 025 g EZ5HET 233020275 1305801 FiINBHI AR AR AR RN
1305803 PR
B8R 1 27 E 2575 H14022937 130408 W& ZpAEFRGARAR  £iH
B s AL FHSRE 6 g HEZGUET 211020922 1076247 bR w B RIERGE  RIEH
AT
SHiET R 27 [ 25Uk H32024135 20140314 tHEURFHIZS (LA AR REH
BT ]
SHAME S B [ 277 H42022839 20140301 Hh 25Mb 4T FRA 7 ARAH
FARA MLk FERC % BRRI%E 0.5 ¢ [EZH7ET 210960023 131070 FRAREEGAHIZ A BR 4 7 A
A B s 03 g EZMET 252020258 130306 HIMNHHEABMBERAR £l
IR IcEE AR 0.5 g [EZ5vET 220010079 130901  FEtlE 2 RITEA W R H
L] EF IR T FRRiRE 03 g EZUET 219993002 140103 FPRAT/R 225\ bA FRA T A
T 1 2 s FBE 03 g EAMEY 262021341 130102 HRIRIGFH A RITEAT K
RO REIEIK o s LEES (2008) 20140505 ZFEIN LIA7: U224 PL 2y RIEIFH] 30.9 mg/g

JEeHE CORAEE D

25 540000-000062 5

BHAA R A A 4lk: 47

B LA K R 5 AT R )

EITRATREE  035g

(PR D [2009]5 2072 5

WK EIRIE K 500 mg LN o2

RHE CLRARD [2007] 28 0581 5

TR TM KK 04 g

e (LR D

APURAES A E 05 g EAEfT G20120236 131016

F ()

% 410109 il TEHIET 20120420 8 JH 4 v B2 25 AR W) BHECH BR B RFHLSF 13.9 mg/g. &

HE &5 G20040543 12100708 bt [ BeRHE 4 B 2 )

I

H
WEWE 7.2 mg/g. REIRE
SH1F 0.9 mg/g

N

20130501 W SRV AL 5 % 2 A W) BF B SRR 2 S 5.8 mg/g.

FFRAT IR TR R 0.5 mg/g
THZEHF 137.7 mg/g. A
WEBE 50.8 mg/g

HBPN A2l AT BR 2 ] ARHEH

AR R AR AR, IRERERI R RS 67
ANTETER AR I A B, AR (i O P I i) ROV m A
kR PR AR T 34 AL 25 A2 AN T
—ANRARRAE L GV R . HER . R
T R A 2 R B, X 34 MUY 6
AN TR BOEAT Ot 40, KRR 1 AR L.
AT A BE AR ol R in 1 e
B2 s 2 PRI MERRS N, tR 3 T S LAt 2 R A ot AT
JRAFE S PRE I A . TR R B2k, NN

AEE AN Dy R0, ELRRE s S i 24y B ARk it o

A BB IR 27 24 O3 d A R 22, 5 AN T

I AR 5T LA Y B S A R 7 22, Ok 24 i B SO

JOORAG T T I PR R AR S HE, KR 28 D) &

A, BATIERERIE L.

S 3k

(11 BRBEe, 6%, & b Bz M1 28 17 k.
et NRIBA AL, 2011

2] & i, B4, WETT. S AR in b S
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