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WO OE: BE 87 & ROR A @5 - 8 BT 15 (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)Z M R R 25 FhARZLASINAE 5 72551 45 24 (non-steroidal anti-inflammatory
drugs, NSAIDS) M i FsE RIS AR 28 B Bl PR 4R I, IR AR IR 20K - R BEAC ORI, 49
MBS, (E2 RV Wil (multiple reaction monitoring, MRM)BEZF Il 347 25 F NSAIDs & 19 &,
IMRIEE R . SR 25 FEESHABIR Z7E 1~500 ng/mL JER N E2 PR FAME LR, HERBIIKT 0.99, £
HBR A 1.5~2.0 ugkg, TR A 5.0~6.0 pgkeg, 6.0, 12.0 F1 60.0 pgkg 3 4K FF X MAs Bl R K
80.0%~108.2%, AAXTHRIEMIZE N 6.4%~9.9% (n=6). GRIE % BH RS OR A 0 A BE T, 0T [ ARG MAAE: i 7531
SR IBURR 75 A8 URIBOR B 3 2 U AR IO X, SRR, 290 | L Ja ik B2 B | IR, e e
firH NSAIDs A

KRB AR IARRDTRZY; IREEE A, RO (3% - BRI BT vk

Determination of 25 kinds of non-steroidal anti-inflammatory drugs
in dietary supplements by high performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 25 kinds of non-steroidal anti-inflammatory
drugs (NSAIDs) illegally added to dietary supplements by high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS). Methods The analytes were extracted from the solid samples by ultrasound-assisted
extraction and extracted from the liquid samples by liquid-liquid extraction both using methanol as extractant. After
separated by liquid chromatography column, the content of 25 kinds of NSAIDs was finally determined under
multiple reaction monitoring (MRM) mode by external standard method. Results The 25 kinds of NSAIDs
showed a good linear relationship in the range of 1-500 ng/mL, with the correlation coefficient all greater than 0.99,
the limits of detection and limits of quantitation were 1.5-2.0 pg/kg and 5.0-6.0 pg/kg, respectively. The average
recoveries ranged between 80.0% and 108.2% at spiked levels of 6.0, 12.0 and 60.0 pg/kg, respectively, with relative
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standard deviations varying from 6.4% to 9.9% (n=6). Conclusion This method has proved to be applicable for

solid and liquid samples by ultrasound-assisted and liquid-liquid extraction, respectively. This method offers high

overall recoveries with substantial convenience, low cost, strong specificity and excellent sensitivity, fulfilling all

requirements of the determination of NSAIDs in dietary supplements.

KEY WORDS: non-steroidal anti-inflammatory drugs; dietary supplements; high performance liquid chromatography-

tandem mass spectrometry
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A 5§ 4425471 4 24 (non-steroidal anti-inflammatory drugs,
NSAIDs)J&—ZAE AR F i R R it R 2y, bl
I A (cyclooxygenase, COX)IR] i RELIBT 78 4z P 45 IR %
fEAHIFIRER, IARIEA . BUR . i, Pue. &
F LRSI RESEME AU ), NSAIDs ASIR FBf A2 11
MRAEIRZY, HAZASEAE . SR R R RCR, R
B R AT S Rk 2 MR S, R 2 5
I a3 B fel P 2 A e BRI, A R I AIE 57
B EE MRS R R R ST RESE I A, NSAIDs J&—2K)
25, B A IRICERR . 2854 . mi&2F .
RYPETR | SRy ARERIS ERHAR . SR B
IVRRAN . BERRIKSERA . XL BREIES . WK,
A HER, AN T W PR A SR 250 T AR RS N
RAYLI R R EFRAFCERY, s T KR AT 8 2,
W5, WESE LS R B AUE IR, KB h 25 /i3
AT . REDIRG 4 Fib2E2s s, 2003
AR, KA R AT AU BR A A R AR 2H 2N B e % B FR B A
1~10 pg/kgt"? 2 BREAZE 514 F 2009 4F 12 A 22 H 55 37/2010
S E T R TR B Y R RS P IR R
T RIR R BR A 42520 R gy (R & o NSAIDs
HEBR AN )y 2R B B L.

HiT, EANXT NSAIDs 6 I = 224 m 80R A 3%
TR AR - R R € - T A, A
A i B BT R BN R OK BEIR . S | M AR S,
AL, 22 L[5 ME A BBl e 1 R A AR B AR 2001,
XFORAEE il NSAIDs Kl iy B AR IR A58 B XF
rF ORG24 R A AR T U 24 A T B TR AR G A, ELAGIN E
BRI IEASET X A 8 AR BT R 25 BRI AR A 5 R PTA8 2Y
P2 i Y, e 1 i oAt DR B TR AR S AR P 2
HESRAGI Jy P bife, FEAE—E M B LR Rml P 3F
PRAd i K IRAL 7 B BT 5 2% (RS 1, ASBIFFE B X T (A Ak 1
PRAEE A, 439 SR U 75 25 BRURNBOR B A6 0 DR 4 B,
3 N7, 1 0V A 8 % - B I T i 9% (high  performance  liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)t
G I AR AL P 25 Fl NSAIDs, KL NSAIDs (1

0 58 K AH SAS I 5 e v B ) S IR AL B S 2%, M WA
IR S R N NSAIDs 19 W A8 k4 RS2 4% .

1 #RERE

1.1 MR5RF

TR R(TEAS . M R PO, Pl F IS
HEE . W& h . RE2REE. MEUR. IR
AR . R D IR . ot A IRIR); BRI (4
FEA R JRC AR ), WRAR BRI R i GO AT IR R )

WIERERR . 28856 WV 2y . mybi% . 25¥dr. Ak
TAHLE . LR, SURE . SEUSIRET . BRI e |
DO = AN L7/ € 71 M b TN =1 0% NN = )
EPARIR . U0 17 FME-AFRIEYI (100 pg/mL, KET/R
BRHE AR ), BUEE . mIMSEE | IRFEH H . 6258
g . JELIEIE . 25T 6N 6 FR AR HEY (100 pg/mL, £
[ DRE AH)); & SERAIEIY . EEF(EEE>99%, fEE
DRE Avl); Il ZHE(EI%H, EERTAR); FRR(G
TEG, B IR T & A B D,

1.2 NE5EE

1290-6470 f= R AR €433 - £ 1K BT 35 4% . ZORBAX
Eclipse Plus C;s f2,ii41:(150 mmx3.0 mm, 1.8 pm) . Infinitylab
Poroshell 120 Ec-C,g (fi%4:(150 mmx3.0 mm, 2.7 um)(3E[H
Agilent A #]); Endeavorsil C;g fA74:(150 mmx2.1 mm, 1.8 pm)
(Fb 3Tl B RN 2N F)); Minilab 42 H 305 BB AR (2 F
Labtech 23 wl); BSA224S-CW HL FRF-(BHR 0.1 mg, 18 [F5E
Z R AFY; Milli-Q LK RG(EE Millipore A H]);
N-EVAP-112 & WA (35 E Rganomation 2\ 1]); Vortex-5 i JiE
AL IR T HAR DR SR 3 4 PR ), DK-98-1IA /K
FCRHET R IR R A 7]); H-2100R &V VR 25 0L
(W R VR U 2 A PR F]); Scientz-1IDM A8 i1 HL
(LIRS R AT
1.3 IWFFE
13.1 AR &

HERAFR IS DRI 25 . ELEUSS 1000 pg(R i 2
0.0l mg)% 10 mL A, HEDEZ, FeHaL 100 pg/mL &
BT, TR E 100 pg/mL IRAPREARE 1 mL,
FHHEEERZE 10 mL, BCHlA 10 pg/mL JRA AR HERE &,
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FERE AR AR, —20°CIRA7 -
132 Hsara®

(LA B

LR 2.0 gORBIAN Y, Rl BRI B04n)
ZEF 50 mL FRIFA, A 40 mL HEE, #E 5 min, 200 W
HFTALH 20 min, BUHES, MARSIMHES 2218, %%
ZELLEH, 3000 t/min #5005 min, BEER, £ 045 um
EESUER L UE IS, FREFEST .

QWA 5

Bt it b, IR 10 mL . B HR 5 mL . 3797 B
10 mL(Z& 2= 2 85), 235K 10 mL, JnHEE 30 mL JREEE
B3R, Bk 10 mL, FR 15 min, A 3F4RBOR, BCEIE®R
ZARSTRWRT, B | mL SRR, % 0.45 um &+
S uERR L UE S, FRUEREAHT.

B)HETT AR AR M 2

FRELE iR A I ) B PR SR ORI 22 0.01 ), #5MR
132 s, FilkE—EH# TR ERmEE, B3=H
FESRVEW o KSR — 2 e TR A AR MBI T, B 2
S W R B RS M BE 4 500,200, 100,50,20., 10, 1 ng/mL
FFE TV AR E TSR, fit HPLC-MS/MS W2 .
133 @&#40t

ZORBAX Eclipse Plus C,g tA(150 mmx3.0 mm, 1.8 um),
FEIR 40°C, PHEEAFR 10 L, Fi# 030 mL/min, FizIAH A A
0.1%M BR/K VAW, WhHl B M. VEBAIEILER 1.

®1 BIEHERBREG

Table 1 Chromatographic gradient elution conditions

B [E]/min  J30HH A/% i B/% Hi#/(mL/min) & Jj/bar

0 95.00 5.00 0.300 1200.00
2.00 95.00 5.00 0.300 1200.00
5.00 60.00 40.00 0.300 1200.00

10.00 60.00 40.00 0.300 1200.00
15.00 2.00 98.00 0.300 1200.00
18.00 2.00 98.00 0.300 1200.00
19.00 95.00 5.00 0.300 1200.00
20.00 95.00 5.00 0.300 1200.00

1.3.4 JRig&#H

HL 5 %5 25 T (electrospray ionization, ESI), 117 2 Ff
BV B A 7 30 2 50 I D (multiple
reaction monitoring, MRM)#Z; BEZ LT 4 kV; ZSE
71 40 psi; SATAME 12 L/min, 2 FUEE 350°C.
135 #EHHE

Bl 2% NSAIDs 5 52 B 30D 15

C :]V "

Sers X-REG RO SE BR, nekes C-HE IR I
SRS R 2 23 B BT BE, ng/mL; V-E AR, mL;
m-FE SRR B, g0

X

2 HER5HH

2.1 EEURAFIRYIEEE

H1F NSAIDs Z WS Yo, 515 A AL 71
PLE, ABRGTEIUH B . 75% K . 25 R ERBGR R
T8, 4 i) AR B AR AN 6.0 pg/kg TRAARIER
W, ARERHAL A5, X 3 RMRBOATI U T, Hip
CNETERAR AN [ AIRE PR IR 62.6%F1 65.7%,
PRBCES AR, e BAIRE b, B SR BGL R T, 25
it NSAIDs “FH IR &, o 82.5%, HIRBGAUR & T
HoAth 3 B A (P<0.01); FEARIFEH, 75% FF EEOKAE Ny
PRBGRFNF, 25 F NSAIDs S IR, A 84.3%,
RO & T AR (P<0.01) . B, ASHFSE B4R
FESERE B AR B2 BOR T, WARIRAE B 75% B kAR
R PR
22 FEEHMHKE

B BB N 0.5 ng/mL 1 25 F#h NSAIDs 2 B 45 Fh ik,
BT RSy 45 R e R Al I H iy AT — ST
AT, 15EIEEE T, FRILE AL R . P it
TR RE S M, AR BI0 8 F05 B, HH 2 AN R 42 =
HASE MEE M T3 7, FF b L RR . JLfb B 7
T FAE R L F AR AR ISR A, ik
BREE MBS, Forh, K54 NSAIDs i FH o R
F AR, 1E1E 8 FHET 858 85 F 8 F [M+H]
WML LI . WEISIRE . LK R . e
M SR SRR B R BT, 8T M E F R
[M-H] . 25 fit NSAIDs #5465 W0015 B A8 F%F . #EFLH
JE . hlffE AR LA BTG S RO 2,

2.3 GIEXHFMKL

25 FilE SRR 2 M s SR A R,
— W T SR EIEAE AT A . AR T ZORBAX
Eclipse Plus Cig (150 mmx3.0 mm, 1.8 pm). Infinitylab
Poroshell 120 Ec-Cy (150 mm*3.0 mm, 2.7 pm). Endeavorsil
Cis (150 mmx2.1 mm, 1.8 pm) 3 Rl @it xt 25 Fhdl & At
R ERCR, Hrf Endeavorsil Cyg (S FESF B RCR 22,
FAEAR . BAREUF GIRITH AR 12 FAES L S YA RE
BR4rEs, BRI $¢1%; Infinitylab Poroshell 120 Ec-Cig
I B RCR — i, WA ZORBAX Eclipse Plus Cig
EREREXS 25 FhAR AT 250 s BOR B, HIGIE A,
WA 1 5 o AR, AN ) B9 B R R - 0 PP e (P R e -
R )- 7K (PP TR e - TR PR S5 Wt 50 AH 28 G A 1 458 B ARV J3E 1
B, SN LSRR, FIRTREIAE RGN E 25 ARG R
oWyt AR 0.1%H FROK - C G55 BEVRAT, 4328
ROREE, Iy esiE R<1; U SIA A B IE(1% AR B2 —0.1% F
R)-7/K (1% REE-0.1% R BE L VERLI, 7/ R<1.5; 0.1%
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FR- & TR S TR B BEIRRS, 2 B SOR ey, s
R>1.5, TikiEHL ZORBAX Eclipse Plus Cg 4,341 (150 mmx

#2 MRM RiER&ESH

Table 2 MRM mass spectrometry acquisition parameters

3.0 mm, 1.8 pum)FFF7T405, 0.1%H BR-Z 55 M i shAHsEf 786
FEVERR, MR E LA 1.

A= e/ BT (m/2) FET(m/z) HEFLHL RV AR g /v 3
1 BEIR K JEAS 401.2 295.1;277.1 125 15; 20 +
2 FES 372.1 120.9; 94.9 32 30; 16 +
3 A%+ 359.1 280.1; 244.0 175 42; 55 +
4 EPARIR 357.1 340.0; 233.0 210 40; 60 +
5 [ERET IR 4245 141.0; 115.0 140 35; 35 +
6 N 2 R 332.1 120.9; 95.0 120 35;30 +
7 C | ATS 321.2 265.0;211.0 100 20; 20 +
8 Fe¥ 297.1 279.1; 264.0 140 25; 40 +
9 HYEZ 294.2 276.0; 103.0 135 30; 30 +
10 RFERE R 288.2 172.0; 143.0 80 10; 40 +
11 il ¥ 5% 255.3 209.0; 105.0 77 13; 29 +
12 PAY(iRis 255.1 237.1; 181.1 110 20; 20 +
13 HFE AR 2322 98.0; 113.0 110 17; 17 +
14 ZEEA: 229.0 185.0; 170.0 145 5,13 -
15 25T S 228.1 172.0; 128.0 90 30; 30 +
16 REPEN 214.0 151.0; 115.8 90 15; 35 +
17 T LA 189.0 103.6; 76.7 125 25; 30 +
18 Xof & Wt 2 i 152.0 110.0; 65.1 110 20; 25 +
19 | 356.0 311.9; 296.9 20 13;27 -
20 LI 310.1 190.8; 175.7 100 20; 15 -
21 eI 262.1 243.1;208.9 110 20; 20 +
22 MRS 250.0 206.1; 205.9 110 30; 20 -

23 ZHJemn 249.0 205.0; 156.9 105 20; 25 -
24 LB Y 243.0 198.9; 179.0 10 15; 20 -
25 KR 179.0 137.0; 93.0 125 5:20 -

x10°

9.0

8.5 | 2

8.0 |

75}

70 b

6.5 |

6.0 |

" 55|
2ot 5

45+ 25

40 F

35F 9

30 F 3

2ol . 10 7o 24

sk 1l s T de

10 L 1o 13 1819 2 23

e Dp

1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
{5 83 Bt 18] /min

e 1 BAESY 20 X OB A Em; 3: R IAR; 40 EIELUAR; 50 KITE S 60 BULIESE; 70 GPARER; 8: GUAEFE; 90 FLIVIRMR;
10: V7S, 11 Z5A35; 12: MIBeSEaE; 13 WEIFRRA; 14 WP HRE; 15 BERRIKIER,; 160 FUBE; 17: ZBUKHRR; 18: Bibk%H;
19: & SRR SY; 200 Z5T 2600, 21: UM, 22 2828, 23: IRFEIERR; 24: 24)yi; 25: FEEHist,

25 Al S AHT 2 24 1 BB I (100 pg/L)

Fig.1

F 1

Total ion chromatogram of 25 kinds of NSAIDs (100 pg/L)
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2.4 EFRMN

FE T3R80 A ST A3 A AR E DL, T B R R AKONE
FiEAMRE, WS e . frifEph gk 53 ILR |
07 38 PIARAS TE o WS A3 M G0 300 45 B4 AR BF 5 3 sk X
IR YR AR 194 4 1 5 I DG T o il £ 15 4l v ) i 2 F
AT OB PE A 8 T &% 0 (matrix effect, ME), ME>0 265 3t
s O B bR ) A SRS SR AN, ME<0 #oR 5
JRE RO B AR A P B A IO, S 0< ME[<20%
st 356 B I VBN A I 4 T P RR AR, 20% < IME| < 50%
B 35 ST RO R I T PR B R 4R, [ME| = 50%0 3 5T
O FHEREL . RS Z IR kAT b RS, ARKIRAT
FEILTAN, JLHX e E . BT MM MR, ME
43R 56.5%M1 55.3% BRI I, 1% S 56 e 24 SR T 366 o DG i
T o fY 8 1A 7
2.5 FHEFIIGE

VL AR 0 28 it B i g (B AR BR(Y) . Bk
JE AR AR(X, ng/mL), ZeHIbRIERNZR, 1S8I4rERIH T,
FAZS IR TR BOA R ECH 25 Pl (5 AT 5 25 M bniE TR
W, LIMEMEEL(S/NY 3 Al 10 B Ak BEAR &AL & iR
FR(limits of detection, LODs)I5E 4B (limits of quantitation,
LOQs), #5F3M, 25 FhE AP R Z7E 1~500 ng/mL i [
LR S 2R RLIF(r7>0.99), 8105 7 7 26 3. 76 AR
IIRAE 4> BN 6.0, 12.0 F1 60.0 pg/kg 3 MKEHITRA
FRUEFS IR T S Ze S50, AU AT 6 YA
o HEREH, IARENLALE 80.0%~108.2%, AHXT AR
#(relative standard deviations, RSDs)} 6.4%~9.9% (n=6),
BITE 10%LUF, 454 GB/T 27404—2008 { 525658 fFi & 45
I B AL EEAI ) R,
2.6 SEPRAEmRAYNIE

L FEZ I FE 3T 18 3 AT %o T 8 R £ A 7
FE o FEPLEIUIESS . Ml RARREE . BBl FILIAEZE . T8
RS ER . RAZEREE . MEUR . B O A
BRSSO . PR, g R R, 114
FEACHR, 1 LR MARE SR A H 5 2EF 5.6 ng/kg, 1 ALK A
FEAKE AT 2 R I 6.5 pg/kg . MINEEE 5.8 pg/kg, 25 Fh
e SRS PR 30 18.2%, 45 SRR 7 v F TRt
i 25 Fh NSAIDs B 5E
2.7 Sx#BEXLE

5 22 g DOV G I ik BT A USR] A 40 min,
Fr DU E AR R LR EE SRR 25, AR ST 57 1Y
FEAGIETRIA 20 min, HAGIHIET 4T NSAIDs, A6l )
FZEAR S RBLR 200 25 #h, BirWEZ, LEMER; 5
A5 /N A B SR Y AR AE BORE SRRk, YRR (o 3k 75
20 Flt NSAIDs 7£ 1~50 g/mL ol NZtE X R RA7, iR

9 30~80 pg/kg AHLY, ASTHFEFTAL B AR T, XA FEPK
A FORPUN IR E R ZEEL, HPLC-MS/MS 45 25 F
NSAIDs fE 1~500 ng/mL &[SI REFLRMECR, #il
FR(1.5~2.0 pg/kg)#E Ak, R HPLC-MS/MC & M &40 it
A

Fz3 EEFE. wHRAMESR
Table 3 Regression equations, LODs and LOQs

LODs LOQs

e [ 77 7

I(nglkg)  /(nglkg)
EERRIK e Y=15824X-47778 1.5 5.0
s Y=10628X-21108 1.5 5.0
Uiy Y=10992X+15426 1.5 5.0
FPARIR Y=10096X+10223 1.0 5.0
GRS Y=17532X-10861 2.0 6.0
2 Y=14214X-41002 2.0 6.0
Bl A Y=20122X+32677 2.0 6.0
e Y=17544X-12475 2.0 6.0
RpEF Y=14068X-11105 1.5 5.0
RFCRE R Y=18224X+34177 1.0 5.0
LRSS Y=16062X+33228 1.5 5.0
EANIIE S Y=17754X+11857 1.5 5.0
L= RN Y=16895X-58842 1.5 5.0
ZRE Y=19654X+50400 1.5 5.0
28T 2 Y=16051X+49902 1.5 5.0
S Y=20014X+17475 1.5 5.0
B AR Y=30091X+10012 1.5 5.0
MOBEEAER  Y=19902X+77785 1.5 5.0
g e 3 3= Y=17049X+47601 1.5 5.0
Ty Y=12479X+5069 1.5 5.0
FEIFR R Y=18470X+77805 2.0 6.0
XA R Y=10884X+95755 2.0 6.0
e Y=12474X-77576 2.0 6.0
ENERT S Y=24049X+78010 2.0 6.0
LK bR Y=47909X-8957 2.0 6.0
3 & i

AR IF S o O A £ 3 I A A K AR W) T A 2 1 R
R 3 A R [ SR ST R G ) A B A, R BRI 44
TR AR 28 F B 7R B, VR AR K - R B A U
WKW TR, LM mEeER, &2 7T
HPLC-MS/MS & &t for il {7 filt £ alh v 25 i SR BT 4 245
WM. G5 R, ASHFFTAE S AT B R A . Rk
B m, R R EE T NSAIDs A9l it i 45
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