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Rapid determination of 17 anti-inflammatory and analgesic chemicals illegally
added into Chinese patent medicine and health foods by UPLC-MS/MS
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Abstract: Objective To estabilsh a rapid and accurate method for the determination of 17 anti-inflammatory and analgesic chemicals
(paracetamol, aspirin, phenacetin, chlorpheniramine maleate, rofecoxib, piroxicam, lornoxicam, meloxicam, prednisone acetate,
sulindac, naproxen, dexamethasone acetate, phenylbutazone, oxaprozin, celecoxib, diclofenac sodium, and indomethacin) which were
illegally added into the Chinese patent medicines (CPM) and the 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 C;g column (100 mm x
2.1 mm, 1.7 um) with 0.1% formic acid methanol (A) and 0.1% formic acid water (B) as the mobile phase by gradient elution (0—4
min, 40% A; 4—5 min, 40%—50% A; 5—6 min, 50%—60% A; 6—12 min, 60%—80% A; 12—13 min, 80% A; 13—14 min, 80%—

40% 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
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to separately and quantitatively determinate the 17 anti-inflammation and analgesia chemicals. The obtained molecular ions, fragment
ions, and retention time for MRM channels were used to identify the 17 chemicals by comparison with those of reference substances.
The obtained peak areas were used to determinate the accurate content of chemicals in commonly used drugs in clinic. Results A
good resolution of the 17 chemicals, including paracetamol, aspirin, phenacetin, chlorpheniramine maleate, rofecoxib, piroxicam,
lornoxicam, meloxicam, prednisone acetate, sulindac, naproxen, dexamethasone acetate, phenylbutazone, oxaprozin, celecoxib,
diclofenac sodium, and indomethacin was obtained under this UPLC and MS/MS condition. The limits of qualitation and quantitation
were in the range of 0.3—5.0 and 0.9—15.0 ng/g. The standard addition recoveries were in the range of 90.5%—113.8%. The six
components in samples (paracetamol, prednisone acetate, diclofenac sodium, indometacin, chlorpheniramine maleate, and naproxen)
were detected. Conclusion The method is simple, accurate, and has high sensitivity, which can be used for the qualitative and
quantitative determination of illegally added chemicals in CPM and health foods.
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Table 1 LC MS/MS parameters for 17 anti-inflammatory and analgesic chemicals

t/min 2y B BT (k) EEET mbk) EWNETF mz) HELHEE/NV  RiERRReV
1.48 Xt LR IEm ESI 152.0 109.9 92.7 28 14,22
3.02 K TLAk ESI” 178.8 136.7 92.7 16 6,22
3.65 ARARP T ESI" 179.8 109.6 137.7 24 22,16
3.83 kAR ESI* 275.0 166.8 230.0 20 37,18
441 BHEHA ESI 315.0 268.9 191.8 22 20, 26
561 LD EEE ESI 332.1 94.8 120.8 26 22,22
6.29 FAWHEE ESI* 372.1 94.9 120.9 32 16, 30
7.92  RIKHE ESI 3522 114.9 140.9 30 22,20
7.92  BERRIKJERR ESI 401.2 383.2 295.2 22 10, 16
8.32  EFMRIR ESI 357.2 233.0 248.1 40 32,34
875 ZEEE ESI* 231.0 184.9 169.8 25 15,28
9.14  BATRHLFEANL ESI 4352 397.3 337.2 20 10, 12
1021 fR&EEM ESI* 309.3 119.8 188.0 30 20, 16
10.80 HybHZH ESI 294.3 276.1 234.0 34 16,22
10.80  FERHE A ESI® 382.2 362.1 300.2 32 28,30
11.46  XUEZFRM ESI 296.1 250.0 277.9 22 14,20
11.46 W[y ESI 358.2 138.9 174.0 28 20, 14
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1-paracetamol  2-aspirin  3-phenacetin  4-chlorpheniramine maleate

S-rofecoxib ~ 6-piroxicam  7-lornoxicam  8-meloxicam  9-prednisone

acetate 10-sulindac 11-naproxen 12-dexamethasone acetate

13-phenylbutazone  14-oxaprozin 15-celecoxib  16-diclofenac sodium

17-indomethacin
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Fig.1 TIC of 17 anti-inflammatory and analgesic chemicals
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Fig.2 MRM chromatograms of quantitative ion pairs for 17 chemical reference substances
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Table2 Linear equation, correlation coefficient, recovery rate, LOD, and LOQ for 17 anti-inflammatory and analgesic chemicals

o LR o I gy, LOD O LOQI RSDRG
(ngmL ) (ngg) (ngg) HEFEREHE HEEME
ORI Y=381.0 X+9 460.0 0.9945  5~400 98.1~108.3 2.0 5.0 3.4 33
B =] TR Y=24.4 X—138.1 0.9997 50~1000 96.9~105.8 5.0 15.0 3.4 3.9
eI T Y=13195X+14041.0 09976 5~400 99.8~1053 0.3 1.0 5.2 5.6
LRSI ¥Y=22384X+33111.6 09954 5~400  100.1~108.6 0.3 1.0 29 3.6
P EE AR Y=250.3 X+1837.4 0.9993  15~600 98.5~107.5 1.0 3.0 3.0 3.1
AEE Y=60.4 X+538.1 0.9994 30~600 953~103.5 1.0 3.0 6.7 7.6
e 2 Y=10523X—411.3 0.9962 10~400 94.0~103.9 03 1.0 3.5 4.0
T Y=718.7 X+6 092.0 0.9987  5~400 90.5~108.3 0.5 1.5 4.4 2.8
Pt B K JE A2 Y=97.4 X+1122.0 0.9995 30~600 96.2~105.5 1.0 3.0 3.6 3.7
TR Y=664.9 X+6280.2 0.996 6 15~600 93.8~109.6 0.5 1.5 23 6.3
2R Y=257.7X+44778 0.9978 15~600 96.1~110.9 1.0 3.0 6.2 3.2
Tt 83 1 T KA Y=732X+1456.4 0.9986 30~600 94.8~106.2 1.0 3.0 23 3.8
{RZRFR Y=289.6 X+3323.5 0.9994 30~600 92.1~1123 03 1.0 2.0 3.7
LS e Y=12262X+18029.4 09974 5~400 952~108.5 0.3 0.9 42 4.7
FEA A Y=221.4 X+5554.0 0.9974 15~600 94.7~109.9 1.0 3.0 4.8 5.8
PN vl Y=224.0 X+2 589.4 0.9995 15~600 91.6~113.8 1.0 3.0 42 2.9
5|1 5 2 Y=4533 X+2723.4 0.9976  5~400 96.1~107.1 0.3 1.0 1.2 2.1
VW, BERE, TR LUEMELE N 3 N4k 25(K LOD  RSD 7E 1.2%~6.7%, W3 2. LW ik & s
MYEEELE A 10 () LOQ, &M 2, LOD ¥ifE  RIUf.

5.0ng/g LI, LOQ ¥JTE 15.0 ng/g LR, RE ik
BAR R, 5684 Re 2 AR5 Itk 2 251
K o
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U VB IR 17 Tl 27 245 e 851 0] v e i A )
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B, WARYTES], $5%10 1IRE) Loy, %
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Fig.3 MRM chromatogram of qualitative and quantitative ion pairs for diclofenac sodium (A), indomethacin (B), prednisone

acetate (C), chlorpheniramine maleate (D), naproxen (E), and paracetamol (F) in reference substances (I) and samples (II)
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Table 3 Sample information and detected components (n = 3)
B 4 i A %}kfaﬁ R % Rt
i ew Nz pibEling o 04g x 1100305 VR4 6§ B KRR OT BERRIRJER 0.7 mg/hiy WGIWRSE=E 1.9 mg/fiL,
i WEBTRS 5.1 mg/hi, BRMEATIE
0.6 mg/fiy 5L 6.8 mg/ki
et IR T B LR &T (2008) BEARFH LRI AR
FsH RE WA
W R e 320 mg [ 25U 7 741073633 1101028 R4 G i B RERGROF BE BRI JERS 1.6 mg/hi, WIWRSEE 4.5 mg/fir,
A KUHTR 1.8 mg/bi. AR A
1.2 mg/fi, St LB I 0.1 mg/hi
B NI fPhi%k 0.3 g HZHET 720043350 110901 VLHAZGICREAER AR
]
SHNRERTRE 400 mg WERZHMET (98) DI-116 111018 LA B MR TR X BRI e 2.0 mg/hi, SUARMIRE 15.2 mg/ki
1145
IR BRES6g HAMET 222023344 111002 EZGHIZEARGERAT KiH
I eI 3 B 04g STET (2005 #5659 120203 WAREZHEARAMR  BIK B 1.8 mg/hi, BIREF 8.0 mg/hi,
A ARG 1.4 mgrki, DoRRREART
0.9 mg/ki
HH AR IR% 400 mg x 20120318 JA[FE4E & T EL g kA RV R 1.9 mg/hi, WSR-S 10.0 mg/hi
FUABEH 1.3 mg/bi, DRI
1.3 mg/hiy ZE/E 12,1 mg/ki
F G R 05g WEDENET (1999) 120217 HEREAAH WA BERR IR SR KL 0.9 mg/ki, WIWESEE 7.3 me/kii,
909318 5 AR 12.4 mg/hi, 2584 0.1 mg/hi
JTIB N TemX10cm I8 LEIET[2005] 110533 WAL T2t A R A | Kl
5001 %
IR T G 10emX 12 cm BOFEAMM ) - 2012-01-06 &R E 7 S A BRA 7 ST 1.5 mg/ i
2010 4 1640008 5
I BB BRIERR B MG 10 ¢/ SRR T (2008) 55 120301 PUEMAEARAT Kkl
004 5 003
HHIE TemX10em [HZHES 220000065 120307 VTRE B2 AR AT Ak
TG 9emX1lem WG (B 7 20120107 WI/RERAAVARAT AR
2010 4 1640027 5
Wi G 9emX1lem ZBREZMH () 7 20120107 W/REREAZERAR ARl
2010 & 1640030 5
Wra s (ERERD T 9 20120209 4RI BT ds M) AR 5.4 mg/lf
Wra Bl GERERD T k 20120209 R JIEEEST M) EN ot
SUHER G 8emX10em & MYOT01A JBIETUM BT 88000 B A =) WU IR 20.7 mg/llh. DhoRERGUE I
5.7 mg/ll
PSR 4G 8emX10cm K MYO0301A WHEIUH BAr 3 A IRA R DRI EURTRE 3.1 mg/ls
KIS 9emX1lem EEEZAMN (B 7 20120001 W/RERAAVARAT AR
2010 & 1640031 5
E g (SHEERD E 20120516 R JIEEEEST S AEH
A LG 9emX1lem MEAEHENK ) 7 Khir  WRERKALARAR KR
2010 4 1640029 5
TN TemX10em 5 GO @l () £hir  EAFEETREARA R K

72008 5 1640027 5
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P T ity ks %Zi? FoRT % itz
KEBPBATHAN  9emX1lem  ERAEZAUHK () 52010 20130107 WI/RIEREAZMARAR KRl
5 1640028 5
MEEOREN A IR 65emX10em  SEEELAMM () 72009 Kbir YT EAEMET KUY 6.1 mg/W;
5 1640015 5
AN AT G TemX10em 5 GO BZ4RW ) 7 Khiox  SAFERTREARAT KRS
2008 4 1640029 5
W B RS MR 65emX10em  SEEELAMM () 72009 Kbir YT TAEME KUY 6.1 mg/I;
551640014 5
NG 4 DR TG 65emX10em  FEEHEHMM ) 52009 Abr M EAEMRT MR 6.7 mg/;
51640010 5
KIS 9emX1lem  BIAEZNM ) 72010 20130107 W/RERERAUARART Kkl
551640031 5
JE 3G 9emX1lem TGN ) 72010 20130107 W/RERERGUARART Kkl
51640024 5
R TemX10em 5 (B SZAEW ) 7 Ahor  EAFEETRHGRAT K
2008 5 1640026 5
QTR e 350 mg &7 G20050771 2011-08-17 KRR AR AR MR 3.0 mg/ki, MBI
5.1 mg/ki
I 22 G 9emX12em  EIAEZNM ) 72010 20120401 WIHE —TUAEMRMEATRA T Kk
5 1640026 5
A T L & k 120604 A ARAEBEA S X ZBEE LR 46.1 mg/ki, WSS
20.5 mg/ki
GE LTI 100 mmX 120 mm #AE U () T 2011 20130304 A KFELREE R AT AR

RRBERHAZMEG 1.0g

QURER P

LTI

NGl P R T e

L ixie 4

THRERL A3

A (AT B L)

BT I (RO

BTG OR AR

BT ORI

350 mg

100 mm X 120 mm

05¢

039¢

039¢

7 em X9 cm

7 emX9cm

7 emX9cm

7 emX9cm

RARA GRITNIER) &

1260002 %
[ it G20110012
[ fr i - G20050771

20121217
120401

IR A

AR G 72011
551260002 5

741091433 20131016
P& (2005) 3 0339 5 20130701

20130304 KA 2R R A A

pud

R AT R 2 )
FTRETE Rl it A B )

e (2005) 5503395 021126 [ HEEEADH S A RAR
Bk gA () 72011 130303
45 1260008 5
Bk gA () F 2011 130303
45 1260008 5
Bk gA () F 2011 130303
45 1260008 5
Bk gA () F 2011 130303
45 1260008 5
k& 9 T

Aty

R (B SRR H IR 7.5 mg/hi, WIS

22 mg/ki, ZEEE 6.6 mg/ki
XA 81.1 mg/Nf

P iohix
WWESEY: 4.7 mg/ki, SRR
12.0 mghi, BRI EURTR AR

0.1 mg/ki, 2534 3.4 mg/hi
WWESEY: 5.3 mg/ki, WUARREN 14.3
mg/hi, FRRRIRJER 1.3 me/ki

PRI BES T TR PR 7 R Az

PRI BTy A PR 7 R Az

PRI BES T R PR 7 R Az

PRI BES T R PR 7 R Az

WWREF 0.05 mg/tl, DR
B 19 mgfl, BREJER 5.5 mg/fl
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RERA GRITIER) L k k T WIS 02 mg/fl, DRBRATI
1.2 mg/fL, MERRIRJER 3.7 mg/
WA GarEw—) & ok & k WIS 22.8 mg/g. BERRW B 5.4/mg/g
WA GRIFRER =) & k k T IR 21.8 mgg. BRIRWK e 5.4/mg/g
S50 TR ARG 0 mmX EFEAMR () F 2014071702 i fIGIET a5t WIVREE 12.0 mg/lh, DR RREAIL 5.4 mg/ls
120 mm; 4 TSE 2013 5 1640142 5 HIRAT
60 mm X 80 mm
JB I 70mmX100mm  EFEAUN () 7 2014071701 FREMBIET 2 Kl
2013 % 1640130 5 HIRAH
SR 70mmX100mm SR () 7 2014040601 JiAE AL HR EIREE Akth
2012 55 1640017 5 I7 A A
1 R e 05g % 2014.06.01 HRMEHERER  BEIRIKIEH 0.6 mghi, WM 5.6 mghi, WA
TR 10.1 mg/hi, DRI 0.5 mg/ki
THERGRRRER & HEAT2012]5 20150201 A REVEDRR: WABRMZ 02 mg/mL
053 %5 HIRAT
KRR AIRE 450 mg x 2013/11/21 ¥ CNS HhR &4k Akt
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