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Rapid Determination of 38 Glucocorticoids Illegally Added into Chinese
Patent Medicines and Dietary Supplements by UPLC-MS-MS

QTAN Ye-fei, JIA Chang-ping, LU Hui, ZHANG Bin, ZHOU Xuan, CHEN Li-bo", HAO Gang
( Suzhou Institute for Food and Drug Control, Suzhou 215104, China)

[ Abstract ] Objective: To establish a rapid and accurate method for the determination of 38
glucocorticoids which were illegally added into the Chinese patent medicines and dietary supplements. Method ;
The ultra-performance liquid chromatography-tandem mass spectrum ( UPLC-MS-MS) method was adopted on a
Waters Acquity BEH-C,; (2.1 mm x50 mm, 1.7 pm) column with 0. 1% acetic acid acetonitrile solution (A) -
0.1% acetic acid water solution (B) as the mobile phase for gradient elution at a flow rate of 0.3 mL *min "', and
the column temperature was 25 “C. Electrospray ionization ( ESI), positive ion scanning and a multiple reaction
monitoring ( MRM ) mode were used to quantitatively determine 38 glucocorticoids. The added chemical
components were determined by comparing the molecular ion peaks, secondary fragment ion peaks, and retention
time under MRM channels between sample peaks and reference peaks. The exact amount of added medicine was
calculated according to the peak area of mass spectrometry with external standard method. Result: Under the
above chromatography and mass spectrometry conditions, 38 glucocorticoids were well separated. The limits of
detection (LOD) and the limits of quantitation (LOQ) of this method were in the range of 0.3-1.6 pg L' and
1.0-5. 4 pg -L 'respectively. The recovery rates were in the range of 80. 9% -119. 4% . Conclusion: This method
is simple, accurate, and highly sensitive, which can be used for the determination of illegally added

glucocorticoids in Chinese patent medicines and dietary supplements.
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Table 1 Information of 38 glucocorticoid

UPLC-MS-MS; anti rheumatic; relieving cough and asthma; Chinese patent medicines;
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Acquity %! UPLC i & 20 W AH €8 3% 1 [ Xevo
TQ-S — i DU M FF B Bk 5T 1% 4 | Fi 5 55 B9 s (EST)
MassLynx 4. 1 £{ 35 4b ¥ & %45, 3£ B Waters 2\ A |,
Mili-Q #8217k £ (36 [E % #M 5 A w) ), XS 205DU AU
TRV (M 45 -4 ) 21038 A B2 ), KQ-300DA
R 7S P e (R L A AR A BR A FD) &

NG R EE . LR Rk el AN o A by
4, v R 2 R LR (R R A S S R AR .
Wz 5 2 R A A B L 1 (JE ST A R R S
TRIENT R AR o

No. HFR sy ¥ CAS 3 it
1 it 22 V4§ J C,, H,, FO, 124-94-7 o B 24 R B B 100333201102
2 ke Cyy Hyg O5 50-24-8 o [ £ 5 24 R TSR 100153201004
3 EXIADNISEIN Gy Hy O 50-23-7 o T 24 A E BT 5 B 100152-200206
4 D YRN C,; Hy O 53032 Dr. Ehrenstorfer 10305
5 EINSEA Gy Hyg O 53-06-5 e [ £ i 24 4G T 5 B 101128-201001
6 LR e ws T Cyy Hy O5 83432 Dr. Ehrenstorfer 10829
7 5 Al K B Cp Hyo FO, 378-44-9 e [ T 24 G E B 5 B 100118-200403
8 SR Cp HyF, O 2135-17-3 o 24 R B O e 510006-201301
9 I SN Cpy Hyy C10; 4419-39-0 TRC B131000

10 i 22 7% 4 C,y Hy FO,4 76-25-5 o B 24 R E B ST BE 100055-201103

11 EEE R Cpy Hyy FO, 1524-88-5 usp JOMO002

12 iy 22 7 WU R Cys Hy FOy 67-78-7 Usp 101.189

13 TR JE B b T TR T Cp3H3004 52-21-1 o B 24 R R E BT AT BE 100124-200303

14 K TR Cy, HyyFO, 426-13-1 UsP JOF140

15 X ADNIE/N iy Cp3H;, 04 50-03-3 o [ £ 5 24 A E BT Y B 100013-200106
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gk 1
No. Z 53 CAS 3 it
16 Hi J ] AR C,5H;;, NOg 14484-47-0 TRC 13-SSR-80-1
17 T A I TR T Cp3Hj FO4 514-36-3 o £ 24 R E BT AT BE 100009-200704
18 W JC A TR TR TR Ca3Hyg Oy 125-10-0 o B 24 R E BT ST BE 100012-200706
19 I 6 Tifs 1 T Cp3Hyo 06 50-04-4 e [ 24 R E O B 100123-200303
20 R BE R JE b e T TR B Ca4Hj3, 04 53-36-1 UsP 10F082
21 A5 Al K A T R i Cyy Hy FOg 987-24-6 o T AT 24 R E BT 5 B 510013201301
22 SALTT RS T R Tig Cps Hyg Oy 13609-67-1 usp JOK395
23 by T KA it TR TR Cpy Hj FOq 1177-87-3 o [ i 24 4G BT 5 B 100122-201206
24 K e T 72 TR Cpq Hy FO; 3801-06-7 USP F1G190
25 AT 1 0 5 R Tig CpeH3g 04 57524-89-7 usp 32100F1
26 il <22 2 1 I R R Cpe H33 FO, 3870-07-3 o R 2 A B B 100125-201105
27 TR XU R R CyHy, F, 04 33564-31-7 USP HOG388
28 A5 Al K A 3 R i C,, Hy; FO, 2152-44-5 Dr. Ehrenstorfer 20217
29 K Je P Cy; Hy6 0y 73771-04-7 usp FOF172
30 1 G 25 4 C,, Hy, CIFO, 3093-35-4 e [ 24 A BT 5 B 100146-200403
31 Wi S8 KA T TR TR Coy Hy, ClO, 66734-13-2 uUsp 10C302
32 VG Cyy Hys FO, 51022-69-6 usp HOD346
33 S5 AR TN R g Cy5Hy, CIFO¢ 25122-46-7 o =5 2 R E BT AT B 100302-201103
34 R AT R TR CysHy F, 048 80474-14-2 Dr. Ehrenstorfer 01022
35 K b B B R T Cyy Hy ClL, O 83919-23-7 UsP 101395
36 5 Al K s BT R i Cps H3, FO, 5593-20-4 e [ £ 5 24 R AT B 100596-200601
37 il GRAS BN R e Cp3 Hy; ClO; 5534-09-8 o £ 24 R E BT SR BE 100119-200603
38 SR T R ER Cps Hy, CIFO, 25122-57-0 EP (2285000

2 mEEHER

2.1

O3 5  Waters Acquity BEH-C {0354 (2. 1

24 (RS FERCH A UK R BES 0 A0 T
RIS URE it BT O TF 29 20 OB AR .

mm x 50 mm, 1.7 wm) , F B 0. 1% 2, I % W
(A)-0.1% ZFRIKEE W (B) BB BEEVENE (0 ~3 min,32%
A;3 ~12 min,32% ~75% A;12 ~ 14 min,75% A ;14 ~
14.1 min,75% ~32% A;14.1 ~16 min,32% A) , 74
0.3 mL-mL ™" #Hi& 25 °C,#FFEE 1 pl,
2.2 JRIGAME RIS E PR (ESD B E T,
BN HRE 3.0 kV, B 7R B 150 °C; B 7 <R
J¥ 350 °C, i 1A 1000 Leh ™ 4L AU
B 150 Leh ™' 48 SO A, WA 0.25 mLemin T,
MRM BRGSO RES R 2,
2.3 XPRESESWCR S RSB PREL LR 38 xR
# 10 mg, 2305 & T 10 mL € B, i s B
VR PR B EZRE BN R B E N 1 g LT
XiF BB R AE AT TIORGOS VA RS A, R A
EWEE T B B 1 mg - LT IR & X R A
VT
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2.1 Fl 2.2 TR 450 AR A, A5 B RE S I Y
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Table 2 LC-MS-MS parameters for 38 glucocorticoids

No. BB F/m/z HEFL AL/ V ERTFET/m/z EMET BT/ m/z Tl ¥ fig/ V {4 B8 1 [E] / min
1 395. 37 28 357.33 375.28 10 10 0.79
2 361. 40 24 343.39 147.23 8 24 1.12
3 363. 37 32 121.22 91.18 26 48 1.17
4 359.43 28 341.42 95.20 8 22 1.17
5 361. 36 50 163.23 121.22 22 26 1.26
6 375.37 26 357.29 161. 21 10 20 1. 66
7 393. 30 28 147. 16 373. 14 38 4 1. 83
8 411. 36 30 253.26 121. 21 18 26 2.03
9 409. 36 28 391.35 147.22 14 24 2.20

10 435.42 28 339.274 397.32 14 14 2.38

11 437.36 54 91.17 105. 21 60 60 2.78

12 479. 36 20 441. 32 321.32 10 16 2.90

13 403. 36 24 385.35 147.22 10 32 2.94

14 377. 36 24 279.33 357.34 14 8 3.30

15 405. 36 34 309. 33 327. 34 16 16 3. 15

16 442. 42 70 142.21 124.20 32 48 3.50

17 423.42 54 239. 30 91.18 28 66 3.39

18 401. 36 34 295.33 383.35 14 8 3.75

19 403. 36 42 163. 28 343.29 24 20 4.04

20 417.42 24 339. 343 399. 35 10 10 4.62

21 435.42 30 397. 326 415.39 10 6 4.77

22 433.42 44 121.22 345.33 24 12 5.10

23 435.42 24 147.22 415. 39 28 6 5.19

24 419. 36 26 321. 39 279.33 14 14 5.61

25 447. 46 46 121. 21 345.33 26 14 6.29

26 477.42 34 339. 34 457. 39 14 8 6. 36

27 495. 42 30 317. 30 121.21 14 36 6.74

28 477. 46 34 279. 32 355.38 16 10 7.19

29 489. 42 34 381.38 471.41 10 8 7.67

30 455.36 58 121. 21 105. 21 30 52 7.59

31 521.42 32 301. 30 171.27 14 42 7.95

32 503. 37 28 321.40 339.28 18 16 7.85

33 467. 36 32 355.28 373.35 14 10 8.04

34 501. 36 32 293.32 313. 34 14 10 8.32

35 521.35 28 503. 33 95. 14 12 36 8.34

36 505. 42 34 411. 35 279.33 10 16 8.43

37 521.42 20 337.32 503. 40 18 12 8.95

38 479. 36 40 279.33 343. 30 18 14 9.30

ARONBR R W, 20 1 L, DA A4 9 5 00
AR (Y) |, S e T O A A

5O (8 % U 0 i L

B (X)) &2 il A ofiE il £, A5 26 P O B R AT OC &R B
(r) o ZRFW] 38 FlL& WIAE % A Y ik 2
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Fig. 1 MRM chromatography of quantitative ion pair for

38 glucocorticoid
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M8 5

NS

2.5.5 HmAEMWE BRI EREE 6 1,
A S5 I X R 2 RIS, 0 5 % OB R T
RPUEIRES N 0.5 mg- g™, 1% 2.4 TR Jr ik s AT
FEHC,2. 1 R 2.2 TR (g | B Ak R AR R A2 4
2 38 Bl K BUM R o & B RSD 8 <8% , £ W
ZITERA RN EEE, WK 3,

2.5.6 fEMERE BELZHELESUN 1A
4l VYL (45 B TR I8 38 T R e JE 4 O 50 g - L)
3 590 5 e ) ) ke G RCE 0,2,4,6,8,12 h ARIEINE
S5 L3R 38 Bl B I AR (Y e 1 o (8 3 U T
U35 RSD #9176 2.2% ~7.4% (n =6) , F LR
AR 12 h WRRGENE R AF. WL 3.

F3 BHBEERHAELEFE,HXRH,LOD,LOQ, BEE , BKE, EEHRBEE
Table 3 Thirty-eight kinds of glucocorticoid linear equation,r, LOD,LQD, precision, recovery rate,repeatability and stability

21 [ LOD LOQ w5 fu] iy 5 wEME REN
No. BRI r

/g L7 /wg L™ /ug-L7! /% /% /% /%
1 5~200  Y=538.52X +1 186.92 0.997 8 0.63 2.11 5.3 107.1 ~113.7 6.4 7.3
2 5 ~200 Y =1202.33X +774.27 0.997 6 0.93 3.10 4.7 103.6 ~119.3 4.2 4.0
3 2~100  Y=1660.03X -346.06 0.994 9 0.49 1.64 4.8 108.1 ~115.6 5.2 4.4
4 5 ~200 Y=1132.93X +3 170.85 0.999 5 1.16 3.87 5.9 107.7 ~119.4 5.8 8.7
5 2 ~200 Y =2745.08X +1 080.84 0.999 0 0.47 1.58 5.0 110.5 ~116.6 6.8 6.1
6 5~200  Y=1240.27X +912.86 0.997 9 1.54 5.13 1.6 107.5 ~113.0 4.8 6.5
7 5 ~200 Y=219.17X +573.43 0.995 5 1.62 5.41 6.5 82.6 ~85.7 6.9 5.8
8 5~200 Y =749.48X +1 232.37 0.996 0 1.10 3.66 4.3 94.1~107.5 4.1 8.9
9 5~200  Y=997.67X +323.42 0.997 9 0.80 2.66 8.0 93.0 ~95.6 3.9 7.4
10 5 ~200 Y =552.95X - 195.08 0.998 2 1.26 4.19 6.3 99.9 ~105.3 3.2 5.7
11 5~200  Y=438.77X -37.55 0.998 0 0.77 2.57 6.4 84.8 ~96. 1 2.6 7.3
12 2 ~200 Y =774.26X -58.10 0.997 4 0.42 1.39 8.0 102.2 ~113.6 4.2 4.5
13 5 ~200 Y=1148.05X -704.71 0.996 1 0.95 3.16 3.6 93.2 ~101.8 5.5 5.3
14 5~200  Y=1085.48X +1 669.18 0.999 3 0.76 2.53 2.7 95.0 ~101.9 2.5 5.4
15 2 ~200 Y=1387.41X +7.11 0.999 2 0.47 1.58 3.0 105.1 ~107.6 2.8 7.2
16 2 ~200 Y=4019.16X - 686.50 0.998 1 0.37 1.23 4.7 90.5 ~98.5 3.2 5.1
17 2~200 Y =873.50X +637.65 0.995 8 0.40 1.33 7.3 95.9 ~110.6 6.3 4.2
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5R3
At g , LOD L0 R e WEM R
/g L7 /g L™ /gL /% /% /% /%
18 5 ~200 Y=1197.90X +195.04 0.998 3 0.84 2.82 4.3 93.4 ~102.6 6.2 5.7
19 5 ~200 Y =2352.14X +833.59 0.997 3 0.55 1.85 6.3 96.6 ~104.2 6.0 3.0
20 2 ~200 Y =666.25X -158.73 0.998 0 0.48 1.58 6.2 95.7 ~104.0 3.4 6.1
21 2 ~200 Y =621.84X +666.44 0.996 2 0.63 2.10 6.4 85.0~98.4 2.7 4.5
22 5 ~200 Y=1227.15X +2 546.81 0.996 4 0.78 2.61 5.1 84.3~95.2 3.1 4.6
23 5 ~100 Y =313.96X -52.44 0.990 5 0.65 2.17 7.1 80.9~95.1 8.1 8.6
24 2 ~200 Y=1605.05X +1 485.15 0.995 1 0.57 1.89 4.8 93.9 ~103.6 2.4 4.3
25 2 ~200 Y=1341.58X-11.88 0.995 3 0.56 1.88 6.4 90.7 ~100.4 4.8 8.1
26 2 ~200 Y=1001.53X +1 239.03 0.990 8 0.36 1.21 3.6 91.8 ~103.8 3.0 4.2
27 2 ~200 Y=1112.19X +382.98 0.995 2 0.63 2.11 5.9 98.0 ~104.4 3.4 4.2
28 2 ~200 Y=1194.32X +616.51 0.995 6 0.40 1.33 5.1 93.9 ~103.0 3.6 3.0
29 2 ~200 Y=1884.8X +2 052.51 0.996 9 0.30 1.01 5.2 93.4 ~102.6 2.2 3.5
30 5 ~100 Y =577.93X -92.84 0.999 6 0.84 2.81 4.0 82.3~89.9 7.5 7.2
31 2 ~200 Y =678.40X +798.73 0.994 8 0.63 2.11 6.1 96.5 ~108.7 3.2 2.4
32 2 ~200 Y =880.30X +1529.66 0.993 8 0.43 1.42 6.2 90.8 ~109.8 4.3 6.5
33 2 ~200 Y =1200.83X +1 758.27 0.995 3 0.62 2.07 1.8 89.6 ~100.4 4.8 4.6
34 2 ~200 Y=1732.43X +1297.79 0.993 1 0.34 1.12 5.0 99.2 ~112.7 3.2 3.5
35 2 ~200 Y=1307.51X+3 378.46 0.990 1 0.72 2.40 4.8 96.8 ~110.7 3.9 2.2
36 2 ~200 Y=2192.89X +1 121.20 0.994 5 0.43 1.42 5.9 98.1~108.8 5.9 3.4
37 2 ~200 Y =620.24X +681.95 0.991 4 0.53 1.76 6.3 90.5 ~104.5 3.9 3.5
38 2 ~200 Y=1426.22X +169.53 0.990 2 0.47 1.56 6.5 88.8~96.9 3.1 4.6

2.6 FEaDE RIS T 10 HEHTXGR 2R 3 itk
WS- Wity 25 T B 24 B DR B, e b R L O 4 il
PEREI R, AR 45 5k W0 X 19 e 3 0 1 AR, SR
SMPRIEIT AR P AR R I . AR R
H1,10 LT XGRR 2L TR A7 6 HEAS 1 S R ik e A, & i
H70.2~12.3 mg-g ™' Hih A 1 il T IR e,
RN 0.6 mgeg '3 HIENE NG A 2 HEAG H S
MRV e, i 0.9 mg-g ' FI2.2 mg-g ', A
REER I 4,

3 itig
3.1 SR S TR AL S T D R AE

A B I AR AR RT B R A B AR AR SC ik T R
PO o B TR AT T 2R R, A
FH et g 1) R B R A T8 P R I, A3 0 58 T AN )
B[] (10,30,60 min) (988 75 42 BUSUR . 45 3 R B LU
P T2 g 2 BBV 00 B 75 300 min X6 7 90 3K 43 2 BRAR
3.2 wEhMHmite FE T K-285,0.1% LFRIK
W -G ,0. 1% SRKEF 0. 1% LR LINERE W 3

Tl it 0 A R 2 B0 BE VR, 45 R iR 0. 1% LR K
0. 1% L TR & I 3 W 73 8 2R LK T 3% i
B

3.3 FIEAMFRICAL W R B R R HA S B R
Bl — AL 51, A ML 2540 S Al A B, HLAR
(1 38 Flobl fe BT R A 5 AL A W o R 43 S Al A
(AT R AR JEAR JE (m/z 361) , H] B A I PR 1 A1
JERN JE B R I (m/z 403 ) , ] 22 2% 18 A b R AL I TR
P 11 3t 26 OK PN I PR i (m/z 435) i 22 4% 728 I TR T
AIAF AL KAR IR G (m/z 477 ), 58K At s 4 12 155  Bo]
KA XU TR g 1A% SR F XSO PR I (m/z 521)
X 45 [ B 43 B ORI 38 AhOBE Rz I R 4 A Al ok
TR, BT 38 R Ak & W M E IR
TR A RS Y 5 R, P B A OE B T
BRI o 38 A X R JE RE HE B AR A R LU
AU AR B B A R T A — AR A i 2 Rk
FrouAl , o e e f 9 il 26 1R o & AE MRM 5
R B R A AR O A B A A A B W 2 BE A B 58
0TS A IE Z M T T, A S h 2y
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F4 HIEERBHMS (n=3)
Table 4 Sample information and detected components(n =3)
No. % 5 44 TR it 1t 2y ik
1 LK JXIE I 20130102 BERR IR AR 1.3 mgeg ™!
2 BRI IR 4 e 20130507 FEBR YL ML 1.5 mgeg ™!
3 PR VG A 7 4 A it AR AR 1.2 mgeg ™ IRJEFA 0.6 mg-g ™!
4 RIS A5 30 A A AL 20130618 AR VR JE AL 0.2 mg-g ™!
5 EA N Iy R R 130202 BRIk Je My 12.3 mg-g ™!
6 HURIR B AL 20130624 B4R JEHR 0.2 mg-g ™'
7 £/ A KRR A £ 20130723 BRIk JE A 11.0 mg-g ™!
8 BRI = 20130512 A
9 TS 0 AR N A iy
10 B AR BT IR 20130205 Fe K
11 A 1% - By ity 55 Jie % 20121201 Fe ke
12 1% 55 Wi R e 20130726 SR Y JE# 0.9 mgeg ™!
13 1E % e 2 i % e 20120902 SR 2 JE B 2.2 mgeg ™!
P AR B oy AR R I 38 ARl e R ARk IS nfk & dpdehsl BEHE[T]. hE T AP ,2012,20
Y 75 2 Lk R RE (3):58-60.
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. o . o X ) 2006,17(8) :1601-1602.
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B G0 A A B A L AR TR AL (6] SRUERELEIME AL GCMS BT HE ARk
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