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¥ ik. FHik: R Waters CORTECS® UPLC® C, (100 mm x2.1 mm,1.6 pm) &4, 020 0. 1% F 8
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Determination of 22 mycotoxins in pharmaceutical
excipients by UHPLC - IM TOF MS”
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(Guangdong Institute for Drug Control, Key Laboratory of Quality Control and Evaluation of Pharmaceutical Excipients, SFDA, Guangzhou 510663, China)

Abstract Objective: To establish a method for the determination of 22 mycotoxins in pharmaceutical excipients
by ultra — high performance liquid chromatography — ion mobility time — of — flight mass spectrometry ( UHPLC -
IM TOF MS). Methods: The samples were separated on a Waters CORTECS ® UPLC ® C; (100 mm x 2. 1

mm, 1.6 pm) column by gradient elution at a flow rate of 0. 25 mL + min "' using 0. 1% formic acid and a mixture
of acetonitrile and methanol (60:40) as the mobile phase. The column temperature was maintained at 35 °C.
MSe data acquisition mode was chosen and electrospray ion source operating in the positive/negative ionization
mode for data acquisition was applied. The external standard method was used for quantification. Results: 22

mycotoxins showed good linear relationships within their respective ranges (r >0.998 5). The limits of detection
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were 0. 1 =2.0 pg - kg™'. The recoveries of 22 mycotoxins at three levels were in the range of 80. 4%~ 118.2% ,

and the RSDs were 0. 20%—8. 8% . The mairix effect of 22 mycotoxins was not obvious. The method was applied

to the detection of 32 batches of corn starch and 167 batches of dextrin. Aflatoxin B1, fumonisins B1 and B2, and

zearalenone were detected in some batches. Conclusion: The method is accurate, efficient and stable. It can be

used in quality control of mycotoxins in pharmaceutical excipients, and provides technical supports for the risk

assessment of mycotoxins.

Keywords: pharmaceutical excipients; mycotoxin; dextrin; corn starch; zearalenone; fumonisin; aflatoxin;

UHPLC - IM TOF MS; toxic and harmful pollutants
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R RORH (3% A ( Waters 24 7] ) 5 Talbous i g 1R &
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Xif B L 25 i 2 FE K Gl (aflatoxin G1, AFGL it
110D26) | # gl & B 2 G2 (aflatoxin G2, AFG2, #it 5
2J0A15) . # i1 & 75 % B1 (aflatoxin B1, AFB1,#lt5
2J0A07) . 5 1 & & % B2 (aflatoxin B2, AFB2,3t5
1I0H30) . fk & 7 2 Bl ( fumonisin B1, FB1, it 5
111B27) . {k & 7 2 B2 (fumonisin B2, FB2, fif &
110G05) . fk & 7% & B3 ( fumonisin B3, FB3, it 5
110125) . #% i 25 % &= A (ochratoxin A, OTA, #it 5
2J0A07) . #i% il & 7 2 B (ochratoxin B, OTB, #{t 5
1GOC25) .#% i & 7 &£ C (ochratoxin C, OTC, it 5
110H16) | it 8 & J& 4k J) T %5 % ( deoxynivalenol
DON, HIt5 2J0B05) \3 — Z. Mk — I 42035 T 4k ) 1 O Pt
(3 - acetyl — deoxynivalenol, 3 — A — DON, {{t =
1G1A24) 15 — Lt - i 4835 FE e )T TR R (15 — ac-
etyl — deoxynivalenol, 15 — A — DON, #it5- 1G0A17)
F KRB Wi ( zearalanone, ZAN, iS5 2J0A12) | £ K
TREEI5 M ( zearalenone, ZEN, #t5 110116) .o — E K
IRFERE (o — zearalanol , o — ZAL, 45 110109) B - &
KT (B - zearalanol, B — ZAL, it 5 110D17) |
o - EKFE W (« — zearalenol, o — ZOL, it 5
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2.1 (g% - kAt

2.1.1 %M R Waters CORTECS ® UPLC
® C(100 mm x2.1 mm,1.6 wm) 4% ; L 0. 1%
IR KR (A) - I IR G (60:40) (B) 2
Wmah A, B EWEME (0 ~ 1.0 min, 10% B;1.0 ~ 2.0
min,10%B—25%B ;2.0 ~2.5 min,25% B—40%B;

2.5~4.5 min,40%B—50%B;4.5 ~7.0 min,50%B;
7.0~9.0 min,50%B—80%B;9.0 ~9.1 min,80% B
—95%B;9.1 ~11.0 min,95%B;11.0 ~ 11. 1 min,
95%B—10%B;11.1 ~13.0 min, 10%B) , % & 0. 25
ml + min ™" KR 35 °C L #ERER 1L,

2.1.2 i RIS B 1R, R H] LockS-
pray R AT FURRE , B R A& : MSE , 5 51 A
IE BB TR, SHRTE L cm/z 50 ~ 1200, 4
[8] :0. 2 s,High Energy CE:15 ~50 V, Analyser Mode :
Sensitivity , B B K :2. 50 kV, ZEFLHJE 40 V, 5
TURIRBE 120 °C BRI :450 °C, S A3 -
50 Lo+ h™' VAR T HE 800 Lo+ h ™' L2
Ui :0. 65 MPa, #5873 (¥ L 5 75 2 SEAH A 735 o
i WESFSEOLE .

F1 R2HARSENEERESH

Tab.1 The chromatographic and mass spectral parameters of 22 mycotoxins

[ %ix P B Hsf ] LNy
( component) (retention time)/min (ionization mode)
AFB1 4.15 + Na
AFB2 3.99 + Na
AFG1 3.92 + Na
AFG2 3.76 + Na
OTA 6. 62 -H
OTB 5.12 -H
OTC 7.92 -H
FB1 4. 11 +H
FB2 5.84 +H
FB3 4.86 +H
DON 2.07 + HCOO
3 -A-DON 2.95 + HCOO
15 - A -DON 2.95 +HCOO
ZAN 6.35 -H
ZEN 6.45 -H
o - ZAL 5.24 -H
B - ZAL 4.39 -H
a-Z0L 5.48 -H
B -ZOL 4.55 -H
T-2 6.5 +Na
HT -2 4. 44 +HCOO
ST 7.13 +H

SEA XS 43 o iy 22
(observed relative molecular mass) m/z (mass error)/ x107°
335.053 2 1.8
337.069 1 2.6
351.048 5 2.9
353.063 9 2.2
402.075 1 0.2
368.114 2 0.7
430.105 6 -1.7
722.397 2 2.1
706. 400 4 -0.6
706. 401 0 0.2
341.123 9 -0.8
383.135 1 0.8
383.135 1 0.8
319.1552 0.3
317.139 4 -0.2
321.170 6 -0.4
321.1712 1.5
319.154 8 -0.9
319.1553 0.7
489.209 8 0.7
469.208 3 0.8
325.071 0 1.1

2.2 ERAH

2.2.1 REMIMER OREARI 22 M EEGR
X B AR BT 10 mL SRR T A A O 4
FC T BT U FE 24 100 g - mLL ™ AR08 BR 5 Bk 74 14
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a—ZOL.B - ZOL «a - ZAL B - ZAL Wy R 5K JE Ky
0.5.1.2.5.5.12.5.25.50 ug - L™",FB1 ,FB2 FB3,
HT -2 .DON 3 — A —DON .15 — A — DON [ Z 51 ¥ Jif
5.10.25 50125 250 500 pg - L7',

2.2.2 MR REFRIC2 gCRE#R3] 0.01 g)
R AR E T 50 mL .08 W, A LB - Iz -
JK(3:2:5,%5 2% PR ) 10 mL, 3 HETR ) 2 min, A
#2020 min,#R)57E4 °C 8000 r - min_1%AL\5 min,,
W AW 2 mL BT A AR (RERZ 0. 15 g, NH,
0.05 g) 1 2 mL .0 R ZUREE , 75 4 °C (16 000
r - min "' B0 5 min, EIFRZ0.22 um BA UL

DR g, RIS .

2.3 JrikEEL

2.3.1 APERFR HRMC2.2.17 R EdH 22 AP
WEER M R IR A AR, DL 2. 17 IR 55104
W, L EARES Y W ETAR (Y) S GAAR AR, LA 1)
JREEHE (X, ng - L71) SRR AR AR, 2 il b o T4
o MHE 3 A5 (5L (S/N =3) B Jr ¥4 I R
(LOD) . %5845 22 Fh LB # 5= B4 R RAF, AH
KRB HKTF0.998 5, LOD } 0.1 ~2.0 pg -
kg ™' o 22 FPELE TR AOLAE B 5 R R VE LA
KRB K REE R LR 2,

R2 2L2HMERSREMEEFELMEER 8K R AR R

Tab.2 Regression equations, linear ranges, correlation coefficients and LODs of 22 mycotoxins

% EEp ZEPEVE R LOD/
( component) ( regression equation) (linear range) /(g + L") ' (ng-kg )
AFBI1 Y =283 448X +1 250 0.2 ~20 0.999 7 0.1
AFB2 Y=116 251X +10 837 0.5~50 0.999 7 0.2
AFG1 Y =218 668X -5 262 0.2 ~20 1.000 0 0.1
AFG2 Y =86 460X —11 022 0.5~50 0.999 5 0.2
FBI1 Y =44 228X - 52 997 5 ~500 0.999 6 2.0
FB2 Y =95834X-145 118 5 ~500 0.999 5 2.0
FB3 Y =80 111X -380 629 5 ~500 0.999 0 2.0
OTA ¥ =313 480X + 10 835 0.2~20 0.999 5 0.1
OTB Y =535 236X -8 517 0.2~20 0.999 3 0.1
OTC Y =9 091 202X -20 607 0.2 ~20 0.998 6 0.1
ST Y =350 492X ~35 918 0.5~50 0.999 0 0.2
T-2 Y =18 774X +1 678 0.5~50 0.999 8 0.2
HT -2 Y =2292X +438.7 5 ~500 0.999 6 2.0
DON Y =11 543X +29 809 5 ~500 0.999 3 2.0
3 -A-DON Y =16 068X +10 139 5 ~500 0.999 6 2.0
15 - A -DON Y=13511X-782.5 5 ~500 0.999 9 2.0
ZEN Y =148 905X - 18 935. 58 0.5~50 0.999 5 0.2
ZAN Y =185 489.45X +9 358 0.5~50 0.999 7 0.2
o —ZOL Y=118 201X +28 939 0.5~50 1. 000 0.5
B - Z0L ¥ = 109 360X +48 955 0.5~50 0.999 5 0.5
o - ZAL Y =188 131X + 18 047 0.5~50 0.999 5 0.2
B —-ZAL Y =340 20X +1 486 0.5~50 0.999 5 0.2

2.3.2 FEBURON B IORKEHH AR E R R R B R
i, F5 IR 2. 20 27 TG0 3k o A 9 P e S O A B
TSR, H IR 2. 2. 17 07 343 S 15k 2 Fib
VB A 28 20 U R 0 o I T LR U, 4 R 3R
B, 22 i BT 7 3R A RER HLE I 1E 80% ~ 120% 1

L PN, 35 P AR R ot P 2 Dk G T ) 5 Jo 300 A
o

2.3.3  JmArleiiolse R AR EBOR K HH AR E R
TR BIPEAE L 2 g, A E 2 A TR 5 X IR A O
B0, EE A A iR 3 A AN TR BE KT B e
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KPR A BEAT 6 U AT SE e, #5022 27 U REIR K RSD Q3% 3 fro 22 B E T 1 AR 1Y [R1 ik
TIEBARIE LAV o AR [T ER i - 2 [Tl R AE 80. 4%~ 118.2% ,RSD 7£0.2%~8.8%
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Tab.3 Recovery of 22 mycotoxins

Ik B ik

oy (added concentration )/ LS Rsb/ oy (‘added concentration )/ e Rsb/

( component ) (recovery) /% % ( component ) (recovery) /% %
(pg-kg™") (pg-kg™")

AFB1 1 90.3 3.2 T-2 2.5 111.0 0.20
2 89.1 4.5 5 109.5 2.0
10 85.7 3.0 25 84.2 5.3
AFB2 2.5 113.0 1.9 HT -2 25 91. 1 8.7
5 106. 7 7.3 50 100. 5 2.5
25 91. 1 6.4 250 106.2 3.0
AFG1 1 85.1 3.3 DON 25 118.2 5.6
2 87.4 2.5 50 116.0 4.9
10 88.3 6.4 250 87.9 6.7
AFG2 2.5 81.2 1.3 3 -A-DON 25 80.9 5.4
5 102. 6 7.9 50 83.2 4.7
25 86. 6 2.9 250 80. 4 7.4
FB1 25 94.4 4.2 15 - A -DON 25 83.8 7.5
50 102. 4 8.8 50 87.5 5.7
250 85.6 7.2 250 82.6 8.4
FB2 25 85.3 2.0 ZEN 2.5 82.9 3.4
50 94.2 2.1 5 87.1 2.6
250 91.9 4.7 25 83.3 8.6
FB3 25 89.5 4.7 ZAN 2.5 109.5 6.4
50 106. 2 1.4 5 102.6 4.0
250 84.6 8.4 25 81.3 7.1
OTA 1 88.4 5.6 o -Z0L 2.5 84.0 2.7
2 88.7 2.5 5 80.9 2.0
10 95.6 7.1 25 88. 1 1.5
OTB 1 84.4 8.0 B -Z0L 2.5 99.7 4.2
2 81.3 1.6 5 85.1 5.3
10 89.5 5.7 25 83.7 4.5
oTC 1 87.1 4.4 o —ZAL 2.5 87.8 7.5
2 92.2 5.1 5 93.0 4.2
10 96. 8 1.7 25 86.3 1.9
ST 2.5 82.1 7.4 B -ZAL 2.5 86.5 3.0
5 96.2 4.2 5 96.0 5.1
25 87.8 2.0 25 84.2 4.2

2.3.4 %R B AFB1 AFG1,OTA OTB, 15 - A - DON ¥k} 25 pg - L' AOTR A X BEGTR VAL,
OTC ¥k 1pg - L' (AFB2 AFG2 ST T -2 ZEN,  HeBE“2. 17T R & /F 35 400 RE 6 Yk, 22 Fh ELpE 7 i
ZAN .o ~ZOL B —ZOL . - ZAL B —ZALVEBE R 2.5 ALY RSD BU/NF 5. 0% , FE U (N 2oks 5 BE BLUT-

pg + L' FB1 FB2 FB3 .HT -2 .DON.3 - A -DON,  2.3.5 F&@Mili  #2. 2. 27 W F Jy il ik B
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SLFRVSW, s hn AFB1 (AFG1 .OTA ,OTB ,OTC ¥k JE K
1 pg- L' AFB2 AFG2 ST, T -2 ,ZEN,ZAN, & -
ZOL.B —ZOL. o —ZAL B - ZAL ¥R 2.5 pg - L',
FB1 .FB2 .FB3 HT -2 DON.3 - A - DON .15 - A -
DON ¥ 25 pg « L™ AOIRA M BRI, T 0.2 4,
8.16.24 36 48 h i, THE & 41 ALY RSD, 45
S22 i EL TR R R 1Y U T AR AE 48 h Py RSD /N T
9.4% , W] 22 FHEHRERTE 48 h IR e R AT,
2.4 FEELINE

FHETEEST 5%, 43 6F 22 i FOKTE RS A 167 it
RIPRG ( FORTE R AR B AT . Horb 22 L F0K
TER A 8 K AFBL, S RIE 1 1 ~6.3 pg - kg
A4 HEAG FBL, A5 13.1 ~24.0 pg - kg™ ' ;4 10
HEK H FB2, S HE 15.6 ~47.8 pg - kg ™' ;4 26 LA
W ZEN, SR 6.5~136 pg - kg™, 167 HEHIKS P4
166 LA H ZEN, S 545 3.0 ~750 pg - kg™ o HAh#g

3 itig
3.1 InFnE AR

FE ESTHLESUR T, IE B TR L RN 1 55
TR, MG 48 B T 550, L[ AFB1 +
H] i &y 1 824, 7 [ AFB1 + Nal* i3 Jy 73 603;
[AFB2 + H]* Ry g 1 302, i [ AFB2 + Na ] * )i H
24 757; [ AFG1 + Na] + fI[ AFG2 + Na] * Wi 4K
58 495 F1 64 087, 1fij fl A1 i + H {5 5 45 I AS 215
[T-2+H] W Ri K3 832, i [T -2+Nal* WK
115 504 ; 61 B AT SR 2 - H (554855, + HCOO
B B, G [ DON — H ]~ mg J &y 1 268, Jfij
[DON +HCOO] ~ 1 Ji7 & 83 079; [3 — A — DON +
HCOO] ~F1[15 = A — DON + HCOO ] ~ Iy i Jy 76 416,
T - H A5 SR 2] 5 [ HT -2 + HCOO ] ™ 1
k306 002, ifif — H 5 S AS 5], Mgl 3% an el 1,

HT-2 A
,E 1x106 4.44
3
2
z
2 s
5 5x10°
=
0 T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10
/ min
» 469208 30 @ 1.5x106{ 15701470
121074 z -
: g
é 7.5%10°4 ? 1x10°
% 5%10° 70438761 £ 10
= = 5¢10° 3
£ 954100/ 47021212 b o100 £ u50008 546,365 56 704388 02
= 53 =y 3 585.17733| | 72636945 93 38732 1 143
o8 0 1097696231 06708 | 58517726 [ (72637005 063386 07 1160554 10 o 0 L L 46020865| 7R [0 96338732 1143511 02
ad T T T T T T T T T T T T T T T T
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Fig. 1

mz

The MS spectra of [HT -2 + HCOO] ~ (A) and [HT -2 -H] ~ (B)
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3.2 RERSSIRAT

R [ 794 J6245 R 20 7 R B, 2
WA v i S o O 2 ) e 2 v [ A o
(GB 2761 —2017 £ {2 42 16 bR e £ i v 2L 1
FFREY T L K T AFBL FREE N 20 pg -
kg ™', (rPEIZG L) (2020 4ERR) Y RLE T R KA LA
T T K A b AFBL BRI S pe -
kg ™' KA EORVERY AFBL S RETE 11 ~6.3 pg -
kg ™A 1 HEAE S ~20 pg - kg T BHEIN . ERRE I
W72 514 (CAC) HISE F KM A K rp AR h g R Bt
2000 pg - kg™ RRBBLE TR EORTE L E oK
REAER R IR AN 1000 pg « kg™ FRATAEIIY
FB1 Zr&7r 13.1~24.0 pg - kg ™' \FB2 7£ 15.6 ~47.8
pe - kg GEAE FARMEME . (GB 2761 —2017 £ 4
A FARE 5P E R R ) P E kLR
KA (i F) o ZEN BREEH 60 pg - kg™, BRILHLE
Fife <500 wm B T A S A H A A2 & IR
BiAR/NTAETF 500 wm 1 B KBTS ] 5t 1 ZEN BRAE
{4 300 pg « kg™, (T EZGHL) (2020 4FRR) BLE
W= ZEN RA53d 500 wg - kg™, FRATAE I A RRG o
ZEN 578 3.0 ~750 pg « kg™ A4 F IR AR B A
{0, FeA TR A LA S R L LR UL 2, HikH P ZEN
5 e 0 B

K H 2R (detective rate)/%

Bl =

50 4
(60,3001 (300,500] >500

40
30
20
10
0 .
<60
& 1 (content)/(ug-kg")

B2 Mt ZEN KH S =97
Fig.2 Distribution of detected content of dextrin ZEN

4 i

ALY ST TR O T - BN AT
IF ] Jig 35 G000 24 RO PP 22 b 5T 7 R E 1 E
TR, T A R R RS R R
JE R ER R R A RE R, nT R T2 AR
22 b L RE AT e W D B ARG A 23 BT, S A SR
FNGHRBES T, Sy BRAE AR i il 12 $ (IR S 4
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