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B E: BM e SO 6% - 8 BT E 7 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)|F] I 0 72 O i it bl 2 S I i) e s N AR PRS2 W0 o0 e . a3k FEAR D
BRI (50:50, VEV)ZSHE A FR B, 48 C g 35450 mmx2.1 mm, 2.6 pm)Z3 5, L 0.1%(V/V) I Z-10 mmol/L
LTRE KSR CIEAE R shAl, EATREEE PRI o 76 1 LB %8 2 T (positiveelectrospray ionization, ESI")ifi R Ffl
2 U Wi (multiple reaction monitoring, MRM)BEEZUREN , 48R 3 REE TN E 1.0~50.0 ng/mL Ju Bl
(& AT T FRRENER A 10~500 ng/mL)ZE MY RLAF, AHOCERE(r)IITE 0.99 LAE. 3 AR EIRININZ YIAE 0.1, 0.5
1 1.0 pg/g 3 AKF-GEARATT BB EHER M INFR 54 1.0.5.0 1 10.0 pg/g) F AR ENEE Ry 77.15%~116.61%, A
T hrE bR HE i 22 (relative standard deviations, RSDs)# KA 1d 10.65%(n=6). 453 Ak, P, nrdgE,
RGO, AT DR T 3 A A A BT 5K
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Simultaneous determination of anti-diabetic, anti-lipemic and diuretic drugs
illegally added in health products by ultra performanceliquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for the determination of anti-diabetic, anti-lipemic and
diuretic drug compounds added in health products by ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). Methods Samples were extracted with methanol-water (50:50, V/V) under
ultrasonic condition, and separated on C;g chromatographic column (50mmx2.1mm, 2.6 um). Gradient elution was
carried out with 0.1% (V/V) formic acid-10 mmol/L ammonium acetate solution and acetonitrile as mobile phase. The
determination was conducted in positive electrospray ionization(ESI") mode under multiple reaction monitoring
(MRM) mode. Results The linearity of 3 kinds of illegally added drugs were good in the range of 1.0-50.0 ng/mL

(10-500 ng/mL for lovastatin sodium salt), with the correlation coefficients (r*) all above 0.99.The recoveries of all
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the illegal drugs in health products were 77.15%—-116.61% with the relative standard deviations (RSDs) no more than
10.65% (n=6) at 3spiked levels, 0.1, 0.5, 1.0 pg/g (1.0, 5.0, 10.0 pg/g for lovastatin sodium salt). Conclusion This

method is specific, easy, fast, accuracy and sensitive, which can meet the needs of supervise and inspect the illegal

added drugs in health products market.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; health products; illegal added;

drugs; anti-diabetic; anti-lipemic; diuretic
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TEARWY I o PR I 3 R 5 ik K Ak B 4 e A3 (BB A X
W NG W AR B I 3, — S AN TR R R AE I £ IR R,
FEARAEE S P SN T 25 14 £k 24 245 W (B0 215 L s 25 A
PRS2 ) LA B 53 LR N8 () T A0 o 3 L33 25 24 ) 1 K i 1
RS Gk S MElfER, REASEIE, BRMA
AU — B R R M A IR A T A, O R
s T B W AR B AE R, (BARSR TG IE 4T &
P Ag S ATl TP AR 25 W R FL S . 2019 AR FE R K T
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21 MR KFENE

10 Flv G it 35700 19 I 245, JHL vl Y A R g 98 28 R ft
EhAS 5 Fle

FRUEY) T (FEBE2E 250 13 Bl S Is IR RZEZ5 45 5
B, GEEEYIRT 98%, dbRIRMIBHEARAR); 8. H
B (4% 4k, 3¢[E Thermo Fisher Scientific A ]); HAtfb2#
AN ATl (7N A=) ), SER K i AliK .

Q-TRAP 4000 JTHE(Y (BLHmE2% & 78, 3£E SCIEX
Z3l); LC-30 8 s AH i (H A & E A /l); 2600TH
OO R A (R B A A R A )
SECURA224-1CN H,FKF-(3 [ Sartorious 24 F]); Milli-Q
R4k & 4832 E Millipore A F])o
22 ZWHE
221 ARBEIER AL

FRUERG AR A N MERR RIS At it 10.00 mg, FHH
MERGEMBITEAT 10 mL ST, 538 HkEH
1 mg/mL ARG, TF-20 °CilE I 17 o

IREPTRERTR: /3 G 2% U 9% 0.1 mL T 10 mL
FEHT, ARBEES, 28] 10 pg/mL KR SRER
i B A ot 56 R TR0 AR TR A5 s o o 1 VR T R U
FE4 100 ng/mL HIR-GARHER W, JErh iR iT et
FYMEESN 1000 ng/mL. 4B R IR G AR ERTR 0.1,
0.2, 0.5, 1.0, 2.0 f15.0 mL, EAZE 10 mL, 5204 N
1.0, 2.0, 5.0, 10.0, 20.0 1 50.0 ng/mL FyARAERTZE, Hoh
BT TR RN ER AR 2k 10, 20, 50, 100,
200 #1500 ng/mL,
222 HSEraE

HERARIEL 1.0000 g £, IIAZY 40 mL B EE- /KR
(50:50, V:V), #B/54REL 15 min, BUBBRHZEZRIG, FE
ZE S0mL, iF 0.22 um R IUGH LIRS 0
223 G- REAt

(DWBAR s 451

3% = A ThermoAccucoreaQ Cg (50 mmx2.1 mm,
2.6 pm) ; WM A HZE; WaIAH B S 0.1% HE-
10 mmol/L & FRE KA o A BE BRI 2512 0~1.5 min, 90% B;
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1.6~3 min, 90%~65% B; 3.1~8.0 min, 65%~10% B; 8.1~

10.0 min, 10% B; 10.1~12 min, 90% B, F:1&: 40 °C; #FEE:

10 pL; ¥i#: 0.3 mL/min.

Q)T 51

B FUR: HLWEZE B 1 (electrospray ionization, EST)i;
IE BT, MR 5.5 kV; B TURIRIE: 550 °C; %1k
KUK 55 psi; SHEIHIIEVE: 55 psi; AT 25 psio Wil
o 2 W5 (multiple reaction monitoring, MRM)Jiii,
AR RS EILE 1,

US T B A O i #6591 mg/mL) T HY B B8 B 100 ng/mL
X IR, TR A S W DR RRER A9 B A 7, ik
B IR R TR, R B AR R A, BEAT R
WAL . ZBL 23 Bl HEMESPITEIE S T RGUT
P e hrma g, HolF Q-TRAP 4000 J 1% A3 7E 1F 71 25
TR F5 FE P B IS, 4 700 ms, U] Heid
R R o H bR AL W Y 5 2000 1 R 4R 58 B T B
R, e T — oA 2 R 5 S N 50 49y £ L S
Ol FERREREE TR, 7B T 7 S B A X e T
R R PR G R 1, H AP I s AL

3 HERERH
WA e R B, WK e VR E R . [, X
3.1 FuiEsHMm 28 HL T RIRIE B R R AT AL, AR R 2.2.3(2)H Y
Oy AP RS AR ISR AI RIS 3 2 23 Rk MRM it i 5 F
Fz1 23 MIERAYHRIES R IREBRE
Table 1 Mass spectrometry parameters and retention times of the 23 kinds of illegal drugs
P (ot FEB T (V2) FEF(m2) EN NI AY MR eV R /min
1 s 4] g i 528.2 403.2%386.2 140 19 35 7.56
2 2R S 494.2 169.1% 369.0 140 1855 6.95
3 - ZIESe 491.3 126.2% 352.3 145 2145 7.11
4 Biik& 5 %% 453.2 86.1% 162.2 100 4631 8.01
5 LIRS 446.3 321.1* 347.1 90 20 20 5.83
6 & 51 B R 367.3 170.1% 152.3 170 2629 6.66
7 % K& 4 358.1 135.2% 107.2 100 3655 4.86
8 MR 1)l 66 7 357.4 134.2% 119.1 120 40 70 5.82
9 &5 e 324.2 127.2* 110.1 110 30 30 6.49
10 PR T 271.1 74.0% 155.0 80 2525 5.96
11 2B 206.1 60.0* 105.0 80 3531 4.15
12 T IER R ER 158.1 60.1* 57.0 77 2435 2.24
13 AU B R 130.1 60.1* 71.0 66 3120 1.11
14 AR TT R MR AN ER 4453 343.1* 173.0 165 3352 7.11
15 FARATT 419.4 199.1* 285.4 130 1518 8.29
16 EARATT 405.4 199.1* 285.1 100 14 14 7.11
17 FMIT 391.3 185.1% 159.2 120 2535 7.57
18 JI R BRI ARARTT 387.4 199.1% 173.2 115 18 30 8.85
19 3 1k 319.1 225.1* 105.3 145 3053 5.54
20 R BN e 280.3 125.1% 139.1 80 2235 6.82
21 N — B J5 FH P A7 il B AR R kb 266.3 125.1* 139.1 80 20 32 6.58
22 N, N - B0k H P A5 h Wl Eh ik 252.3 125.1* 139.1 190 16 33 6.4
23 BAN FEiAL: BN 7R 232.0 159.1* 109.1 110 41 68 3.73

MR E R T
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32 @EEEKEHK MR KB - L IEVE R shAR BT, 25900 s A .

AW T RERRZE IR SAAI RIS 3 25
B s, A3 BT L 0.1%H 2 -10 mmol/L Z FR%k/K %
W-20F. 10 mmol/L ZBRE K- E . 0.1%H FR-
10 mmol/L Z.FREZ K% - B 10 mmol/L ZFREL K
-H RS 4 R R A AR B AR, VSRS s AR A iR .
S B U 19 6 7 A R IR 1) 3 2l A e 2 HE 30 ) R
KA LG i FE UG, DLIE 1 a)o R B R R, A7 ikl
PR B R, M4 nT DU & [MAHT AR B, Y
H R 5 EERR M S5 R G S W B, 43 B R A S5 Bt 2 3
o MR EEVE R S ARRT, HER AR M S M R
FEHIEEER . AR FIENK . ARFISENR . T NSRRI L
T 2 2 S5 R B 2 20 00 1 43 B R R R R e AL, s
W ARGy gk 5 e fifk, BRBESS. BigZE
FIPRIESE 23 FhLTWAR AR T 0.1%H 2-10 mmol/L &
7.0E+04
6.0E+04 | @
5.0E+04 |
£ 40B+04}
% 3.0E+04 +

2.0E+04 +

1.0E+04 |
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0.0E+00
0 2 4 6 8 10
I} 8] /min

SR /cps

NETREERT, AR R IR, SORAIER 1 RS
ZAFRIBFLL 0.1% 1 FR-10 mmol/L ZFRE /K- HEVE N
B, BAREEIE 10.0 ng/mL 1 58 i E (total ion
chromatography, TIC) VLI 2,

33 HmErEEHMmIK
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AP T A EREUR (5. 10, 15, 20 min)%T 23
PRSI 2 Py ) B I Il s Fe 5o, SO0 % IR A 7 s ]
MAEK:, #5259 AR B ENSCR g, 28 AR 15min
B, 20 EBRIUECR e, F97E 80%~120%; 487 A []
YRR, K 20 min B, 22590 ERIRICR AN R 2
T SORRAIR, T R R S S A I . /N
BE. BB A YT A=A SRR AT . MUARIFST
AP DL IE- 7K (50:50, V:V) HEREGAER] . #A 15 min,

3.4 FHEFIWIE

341 FEHEKWRTEE. BB RFfx Sk
$2 2.2.1 HERMERZR LRI vE, 16 2.2.3 (UM T

fRURIERE 10 uL HEAT40HF, £E 1.0~50.0 ng/mL £ Bl A,
Horyg AR At T T R RN ER A L L 10~500 ng/mL, LLH
PR G W RO TR AU PR BR(Y), LABTRVR BE (X, ng/mL)A
fEARAR, 83 Multiquant B A4-SEF TRRAE T 2R 9226, AR¥E 3
FEE MR FL(SIN=3) T 10 A5(5 M L (SIN=10)53 B3 5045 i R
(limit of detection, LOD)F15E #& R (limit of quantitation,
LOQ), 23 Fif 252 W rAn e th 2 e . AHOC R B, K R
AERRILE 3. &5 HAR LG WAL S B 9 i AH G &
B(HBIRT 0.995, BRi ARt T 5w oA H BR 4L = b,
4 0.600 pg/g, HAMALE YIRS HFRIBIETF 0.070 pg/g, ik
RIGIER .

F2 23 MAYRRBEW RG TR

Table 2 Extracting recoveries of 23 kinds of medicines

PRI [ =R % RS R FIPRZE
<80 4 2 1
FH 2 80~120 6 3 3
>120 3 0 1
<80 1 0 0
I BE-K 80~120 12 5 5
>120 0 0 0

=3 3MERAYIOERLZ. HXARY BHR. EER
Table 3 Standard curves, correlation coefficients (r*), LODs and LQDs for the 23 kinds of illegal drugs

AR LR r? LOD/(ug/g) LOQ/(ng/g)
& 51 g il Y=8415.46453X+1667.22533 0.99880 0.020 0.067
& 5 i Y=98.21452X+19.59664 0.99512 0.040 0.133
K 41 2 i Y=241.11181X+25.37649 0.99759 0.022 0.073
Bk H 4% Y=14249.04600%X+1712.18107 0.99999 0.004 0.014
K& 4 i g Y=4682.79807X+352.48133 0.99574 0.019 0.063
& 50 8 I Y=3861.10734X+1285.79003 0.99925 0.010 0.033
K& 5 1R Y=102574X+40200.4 0.99794 0.003 0.008
AT RN EaN Y=21031.25540X-4202.17048 0.99916 0.005 0.016
el Bss Y=13782.92995X+4882.71611 0.99876 0.006 0.019
FH R TR Y=326.82682X+93.24037 0.99792 0.023 0.077
UK Y=57180.9X+10391.72174 0.99933 0.001 0.005
T ZNER R EL Y=38785.4X+5575.71497 0.99938 0.003 0.009
Z ORISR B R Y=29290.58489X+8808.81082 0.99791 0.005 0.017
ISR R RR AR Y=68.87359X+105.74785 0.99748 0.590 1.97
AT Y=263.14952X+86.14224 0.99682 0.051 0.17
HBAARTT Y=343.38004X+63.20699 0.99968 0.034 0.113
FARABTT Y=995.62079X+290.69758 0.99739 0.024 0.080
M FE I AT T Y=189.63676X -58.03726 0.99988 0.068 0.227
[LAgN Y=16597.31441X+6485.16288 0.99716 0.001 0.004
VAT L R Y=9700.85507X-2766.91470 0.99668 0.010 0.032
N — 5 F L P A il B Eh R 16 Y=44312.9%+15209.82168 0.99931 0.003 0.008
N, N - B FE PG A i W 46 iR Y=4729.29869X+1736.50595 0.99812 0.019 0.063
BAS TR AL EN RN Y=73.54869X%+115.31951 0.99789 0.054 0.18
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342 HARENRE LR AEEE

Xof KNS 5 B TR TN INAL 24 25 0 1 5 T RE (A
F TR ORI B 58 )3 AT 0 A7 [ g 3 3 56 R oK 4%
g, T EAES AR 0.1 pg/g) . H1(0.5 pg/g)Fil
(1.0 pg/g)3 K V-Hr i W (0t 7T F2 B 4 3k 0 b 12
9 1.0,5.0 F1 10.0 pg/g), 4% 2.2 by sk AT A% M AL B,
B 6 WK SEHG 25 J 0 - Y E T F S s [ i SRR 2 B, 45
R 4, G5RFKW, 23 Fab 2y e gL Z O ae ok
By U A T 77.15%~116.61% 2 (0], 0 %) 47 1 i 2%
(relative standard deviation, RSD)/ 0.05%~10.65%(n=6);

T AR Ji2 4 v () B R A T 86.83%~110.48% 2 [A], RSD
K 0.31%~9.76%(n=6), L7735 Rl & H & % i 2k .
3.5 EPREEmASN

e A28 7 1 X WS (4 10 Fh A fg b RE Sk HE T 40 B
N, 3 — B A RN S At it P A N- B 2 L
A A ER R ERAG HH, A6 iR 0.529 mg/kg. P 3 h FHERE
d R N- AL FEOE Y Al B R R R A R R O A

(extracted ion chromatogram, XIC),

F 4 23 MBI R A IR R ZE (n=6)
Table 4 Recoveries and relative standard deviations (RSDs) for the 23 kinds of illegal drugs (n=6)

Y ROBREYCR IR (RSDs)/%

VA f 48 ] Wi R (RS D)/ %

2
feaw JIFRE 0.1 plg ML 0.5 pgle MIBFEE 1.0 pgre DUEREE 0.1 ngre MARE 0.5 ngle MERE 1.0 pgle
6 51 e i 106.35(5.71)  112.93(0.64)  104.30(5.22)  94.33(3.53)  107.77(3.53)  98.15(1.17)
LB NS 102.98(4.02) 112.90(2.12)  100.65(1.51)  110.48(8.01) 99.63(1.20) 102.50(3.54)
YIS 95.70(10.65)  108.57(0.85) 98.15(1.58) 94.27(5.61) 101.47(1.97) 99.80(1.67)
Btg A 77.15(6.34) 102.29(5.75)  100.23(2.27)  106.25(4.65)  101.37(1.08)  101.40(4.23)
#6510l 128 104.53(4.83)  93.69(8.97) 102.56(6.01)  100.50(1.89)  104.23(2.86)  106.22(2.31)
5196 ik 101.53(3.19)  105.64(8.86)  104.56(7.28)  102.55(2.87)  100.70(0.52)  104.51(3.28)
% s 5 105.00(1.92)  106.73(5.80)  102.09(1.91)  105.13(3.68) 95.5(3.23) 98.18(0.85)
M 471 -5 R 101.30(4.87) 110.09(0.58) 98.17(2.19) 103.23(5.91) 101.63(0.77) 102.26(1.89)
k5 98.43(3.55) 106.26(7.94) 100.54(0.23) 106.94(5.63) 101.07(2.17) 105.09(2.98)
AT T R 86.73(5.47)  107.67(1.36)  109.11(0.05)  100.82(7.08)  104.00(3.06)  100.32(0.31)
S BUIK 94.28(3.47)  102.61(2.12)  102.97(0.52)  104.02(4.70)  101.83(1.01)  96.98(6.98)
T ISR R ER 115.15(4.44) 110.99(9.08) 108.53(7.61)  101.58(1.93)  100.00(1.12) 98.69(3.21)
TSN R ER 100.88(1.73) 106.63(6.12) 105.03(4.99) 93.87(4.38) 87.60(1.86) 96.89(1.79)
I ARATT R RN 107.80(5.71) 98.05(4.71) 111.30(5.19)  105.43(6.17)  106.69(2.35)  100.49(2.59)
AT 104.53(6.68)  116.61(5.46)  107.40(1.27)  104.45(3.98)  109.87(2.50)  103.27(1.02)
B AT 100.57(0.87) 111.94(1.62) 98.97(1.12) 86.83(2.53) 105.03(1.39)  101.68(3.36)
FERAMIT 91.87(4.35) 110.52(7.31) 107.29(5.88)  105.45(5.32)  103.57(1.10)  107.05(3.69)
IR ARAL T 97.85(2.67) 114.97(2.05)  108.49(0.14)  100.83(5.55)  103.43(2.15)  104.98(1.36)
Tk 87.95(2.09)  102.67(0.14)  107.65(1.84)  99.47(4.60) 95.63(1.23) 99.28(2.01)
PG B e 115.83(2.05)  108.34(4.32) 99.59(3.37) 104.82(3.51)  102.97(1.74)  106.53(4.02)

N — B H PG A7 i B S Rk
N, N - 2= HEPG A3 iy B e 2k

IF AL ER R AR

105.38(10.17)
104.50(1.15)

112.65(2.08)

109.52(6.75)
110.31(1.87)

110.97(2.05)

102.85(5.89)  104.07(3.98)  100.50(0.71)  102.65(0.73)

97.31(1.09)  104.43(4.13)  108.78(9.76)  98.90(3.02)

89.75(2.80)  100.65(3.66)  98.93(1.06)  100.13(0.51)

TE: BT R R AR 1.0, 5.0 1 10.0 pg/g.
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Fig.3 XIC of the N-monodesmethylsibutramine, sodium salt
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g 5itie
AT ST R R £ R B T 3% [ e 0

PRA b R Bl . DA AR PR ISR I U s 25 2459, O i
ARBRTATER k. Sy ERAE, SRBURDICR R . AT A RE PRI |
YA X PR A b P RS | BTN RIS IL NI 254y
PEATIRIIE, AAS BT AL 12 min, REGE R, #]
RRFE s BRI 00 AR, Jyinam ree ah i 2 0 e A
AR IR ER AL 1 H A HOAR S

SE B

(1

FE 5% AR A 22 e T 42 o Jmy . o 0 R 3% S 48 P R L 43t
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