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WE ST ZE KM (mebendazole , MBZ) 75 1 Sk 57 1 19 #9434 FHEUE LA , # MBZ L) 20 mg/kg BAYKHE
R 2 45 255 55 0.25.0.5.1.2.3.4 .5.6.7 18 KIEFT/KERRAE , 48 [ AN 2K B 4R BUg Ak I, R FH VBT I8 FH

AL(LC-MS/MS )il 5 /KA o MBZ K HAR S 2 ik Y AR K e S5 FR R BR IR R B2 . T80 8 KUK R 52 L Ak st
B0, SR AR MR A BB UL SR LU FR T i, ] QUEChERS ik AT 32 B0k , LC-MS/MS #iil] - 2 41
T MBZ SR A MR, O 15 A A 80 g I i . 25 5 R, MBZ R AR AE O F T B
Jig % 20 20T [l 1 B 7T 5K 3 332.26~5 345.52 pg, A BV 2N 13.74 %0~23.74 % o v 78 1 v v ml i 8 45
L A GA 1 248.29~2 892.77 pg, 5 B EA 2 EE 5.18 %5 ~12.85% . T AL 4L b i [mI i 12 987.22~1 907.19 pg,
d AR 5.19%~11.40% . KA [EIHCE: R 1 561.95~4 623.15 pg, L BV 25 EE 10 6.44 %0~21.88% . B
N 6 295.50~10 983.41 pg, B ENLH N 42.64% . LI E45 R B8 ,MBZ O IRZ )5, EZNALE ST MFE
AR AR S DBCR AR IR, 2R T RIS A S 65 A% P RSO 22 , AR B A8 2 83 ol S PR T HE M
KR R K8 YRR 255k E iR

RESES S948 XEKERIRES A
ALKk (mebendazole, MBZ) J& T8 71 Bk ms &
25, A SRS A ORI, R L sh i s bR, T
T N RIS P I A A A A B R 3K . 1998 4F
MBZ # % BR-fih 258 W i ELAT B3R RCR
ZJE A R T K A A B IR R . MBZ iE At
K25 A — e I [R] N 23 5% B3 e fa i n] Pl 41
M EYEE T R ARz, AR R, R
FEwRmEE 250 AR B — 2 VR, FE i
R ot AR R R I )OO ) an Y B RR
P SR S A R ZE A AR . 1994 —2003 45 1]
T EHRIE T 4341t MBZ 5142 19 s 25 A e 191, 5 1
TR SR eEY . KT MBZ BT A i
RAEECLHE T MBZTED EEHY % AN
5 KR B R B (maximum residue limit, MRL.) o F&
[ B2 MBZ 753/ 5 09 - JUE B 0E UL A D vh
{9 MRL 43 5] 47 400,60 .60 F1 60 pg/kg'® . KM
il T 2L MRL A5 4, #iE MBZ K AC S 9 78 45
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MRL 3} 400,60 .60 F1 60 png/kg'®' . [ R £ &
Z= 512 (CAC) ML MBZ 78 % 7= dh LA P 59 MRL
960 pg/kgt .
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MBZ FE AR MRL , 2520 W FLAE R I I 53 A
LK HE 40 F2H 21 b MIBZ R AR [l i i, Bk}
A SE PRSI T , ARAT LARA T #2501
SR AL B AR S R SR AT A 4 BN 9
AR S A . 2 T EL AT 24 B v e 1 £
Py (HE AT MBZ 16 fo A i i RS- 5 5F 5 18
K WARSCHRIE o P, 28 2 e 42 TR 1) 32 3% 0 L
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1 #MRIERE
1.1 REEhY

fe B A 3k 5 24 2, A i 1 (461.5+£52.3) g, Hi
FEL 7K 77 B 2R 0 9 B 1 VTR P2 0 5% T 3 60 66 el 42 43
IR IG AT AE 6 4 7K A6 (100 em X 60 em X 80 cm) PN %
F2 LI WA I 259 0 0 ikl . 3 Ky
MR A8 h iy H kK, M4 st 4, R FF K iR AR T
5.0 mg/L,pH N 7.5~8.0, L 25 °C,

1.2 ZgmFnikFl

D#jfh o 1026 i F 2R BRI 17 370 ik
PR R ARA BR S T s MBZ 358 56 B 2R K (hydroxy
mebendazole, MBZ—OH) . 2 % H 28 Bk Bk (amino
mebendazole, MBZ—NH,) 45 # & ( 4l J& ¥ K T
99% , M) B 75 = Dr.Ehrenstorfer 23] ) .

AR . M R (4 88%0) LR £
FNIE C e s i gk 4l (0 [ 38 [E J. T . Baker A A ) ; —
FE AR (8% 4l , 25 [ Tedia A7) IFEM (I A i
B AT FRA R ) 5 B IR S 40 (4B 2, 1 A
EEZGER)

1.3 RBRAF

6 F& A1 3k 5 43 51 ) 3% T 6 4~ 40 L 1Y) 3% 55 25 4%
[ B A A K AR B 20 Lo MBZ L 20
mg/kg R HEMR LS 25, 0 BITE 44 245)5 0.25.0.5. 1.2,
3.4.5.6.7.8 d A AR A TE AR /KRR 1 L, BRI
ESEIKBEZ G, 32 AT B K, B A TR AR ) 4
Ko HEHSRAKMREZIE, HE 0.5% MR HE
VEM 10 mL (9 7 55 8% TS E 3h kR 4E R R A
M, A 15 mL B0, BROAS T i, SR 5 DU
4 000 r/min &.0» 5 min, FRAF L3 . 135 FH B J) R 4E
FITAT B 5 - NS 5 Bt i P68 7 R B 0 SR 4B BT A B
Jok s FTIFRE R AR 0 BB IR BRI AR, 2
Ja FHFARII M TR 15 3 WUR 5 B 8% 8 1 e
TR I LA M EB AT s B a RETEZ R,
Tl A BB B AN S A R AT LS, X AR AL S0 BBk
B, O sk, SR E IR AE T-20 °C, Rl
1.4 HmE

1) 7Kk MBZ B A 4 . 7KRE 20 mLL, i
A WHR MBZd,, 2 50 5 W JE O 10 pg/L, 3 48 3 mL
FH AT 3 mL 7K 3% A6 1 60 mg HLB /N (Waters 22
Al 3D, 3 mL B FKVE, fif T 5 mL P EEGRIE,
AAW T, HIMA 1T mL KRB R 1:1 A9 H A0
0.01% H R /K IR A WIEAT R, 4:.0.22 pm (A HL
VBRI, U R HE ST A (LC-MS/MS) Al

2) Il 3 R 8k MBZ B AR i 42 3L, 4% 5)
VR URBIRE L AR T A SRR . PRI 1 g3l
M4 1 mLOANE 1 g ZHEL, LLSEhs T 3
T 15 mL B ZE .08 b, HER A N AR MBZd; , 93
TR 7 1 & 30 s, I AR BUA B 2 10 mL, ek
BRAREE 0.75 g, FALHN 0.25 g, IR HEHR 7% $2 L 1 min,
7000 r/min B0 5 min, K R E S 1415
mL [ B, A 100 mg Cog A1 HR P S AR 55 By
(m:m=1:1), €4 30 s, 10 000 r/min &.0>
5min, FIEWEBE S 14 15 mL B L&, 15
45 CORIB TR+ B 1 mL 5006 4 H A%
KW 0.1% /Y B R ) S ¥, 10 000 r/min #§
£ 5min, i 0.22 pm BAHLIERE, T 1.5 mL AR
i A SIS
1.5 LC-MS/MS ill7E MBZ R A 541 9 iR FE

ARG FE i 1 AR AE LC-MS/MS (£ 45 Sury-
eyor MS Pump Plus, Suryeyor Autosampler Plus,
Thermo TSQ Quantum Access MAX) I 5¢ 1%, %
Thermo L.Cquan 2.6 #1715 RE AL, 1.C-MS/
MS ZHnF

WO @I IR S AR 97K AR 2 pH 3.9 /9 10 mmol /L
LR A MM 5 mmol/L LR % W 20, H
BE5 SRR REE N 129,

R A Cog#lt, 150 mm X 2.1 mm, #7483 pm.
WL 0.2 mL/min, HEFEE 10 pl, FAIAHBE AN -
0~1 min, /K0 EL B2 10% 5 1~3 min, K AH Ee 1] _E T
F50%,5 minJ§ EFE 90%, 4EFE ] 7 min, 2R )5 &
W KA, 21 10 min W B 2] 1096 . 181k B9 BT &%
42 %5 A0SR BE 338 °C L #5340 mL/min, i B <
5 mL/min, & FE I 350 C, 5 MMEE PR E R
THEEMRE TR L.

F1 BAERRMEHEACHEDARESH
Table 1 Mass spectrometric parameters of

mebendazole and its metabolites

Ew B8 F(m/2) TFETm/z)  HEGEEE/cV
Chemicals Precursor ion Product ion Collision energy
MBZ—NH, 238.1 105.1°,77.2 26,34
MBZ—OH 298.0 160.0",266.0 33,22
MBZ 296.1 105.0%,77.2 32,21
MBZ-d, 299.0 105.1 34

KR E H B T Notes: * indicates quantitative ion.
1.6 WA RN ERENEEE
DAREMZ R HE . BLfil MBZ . MBZ—NH, Al
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MBZ—OH 1) Jiz & ¥ J&E 86 & ¥ 43 5128 1.2.5. 10,
20,50 Fi1 100 pg/1., R MBZ-d, i 5T 4k BE 2R 10
pg/L, #47T HPLC-MS-MS 43#71. 435I LA45 254 5 7]
LR NAR AL F AR (Y) , & 259 5 N b
Vi o v B 22 O R AR bR (X 2l br o il 2%

2) K 5 B R B I . 25 e AR 3
AR R (1,10.50 pg/L) , 3 i3 5 (I B IL
PR IR AR SC41.47 v 2) D ik ab B
SE 25 BT VR BB, 5 S N 5T e Uk A LG ARAS ISR
SETTUS AR S R 5L, 2k 3 dIME TR
0 I IR R R T A S SR A D
AT G 7 ik i S R IR D 2 vk
14 2 2R FH JFFIOE o (R b o T 8 5 0 B (B8RP
SR JH L PR H %) s o i £ 5 AR R 28 30k 18 SR T . 94 R
iEERG RS

2 HBR5HH

21 WA EMNERNE

/K # MBZ .MBZ—OH H MBZ—NH, i& & [ 1
ATk #] 0.05 pg/L, Il 3 A4 41 MBZ .MBZ—OH
A MBZ—NH, ¥ 0] LIk 3 1 pg/kg. A<k 5 4815
) MBZ . MBZ—OH #1 MBZ—NH, f 5 it il £& 43
BR 2 y=0.15962+1.0756 , y=0.4387x—0.5571 ,
y=0.2023x—0.07911, 7£ 1~100 pg/kg &tk R4F, R
{HRF 0.998. MBZ B AR} 7™ ¥ 76 K v Il i 3 7
92.1%~107.9% , 7 A1 3k fif5 20 20 i 2% o [l g 6 7
78.6%~103.1%, H N1 H ] 45 5 RELHAE 10% LA
W(FK2) ., TEHRFTP A MEE Y e mAE s 11
To T, Wl 2 2K
2.2 MBZRREHERALEGENERPHEIKE

AHEFE Y, T ARSI 2 A AR, i MBZ
f [l i & 2L MBZ . MBZ—OH H1 MBZ—NH, & i &
b, MR G, Dot JF IR 85 i IR
JULPAL B2 JEk i v P B v A el i RT3k 3 332.26~
5 345.52 pg, i A IR 1 39.45%0~52.84 06, i A
YRR 13.74%~23.74% (% 3) o H g Ay [l
W R, T 9K 1 248.29~2 892.77 pg, i A [l i
1 17.99%6~26.51%, 5 & %4 25 & Y 518~
12.85% . T4 A 41 i [ i i oy 987.22~1 907.19
pg, R BB 1 15.68%~25.50% , 1 B 45 2 B
) 5.19%~11.40% o 7K H 1y 8] i £ 7F 1 561.95~
4 623.15 pg, i LRI Y 23.78 %6~43.00 % , i B4
Y 6.44%0~21.88% ) IS HEEFE 6 295.50~

10 983.41 pg, I W K 78 27.09%~51.24% , 34 K
42.64% (£ 3).
3 3 i
3.1 MBZZEH k&R G

ARWFFESE R FW , MBZ 28 IR 2 )5 , 78 A1 3k Ak
N 3322 L MBZ .MBZ—OH # MBZ —NH, JE /7
FE o R RO TR MBZ AR I 5
B, MBZ 1) 2R = Pt o 2-80 3L -1TH-28 91k
M -5 - 5 F R (MBZ — NH,, ) 1 35 5-[ (152 3 -1-5
S5 ) HBE -TH-2R I wko e -2- 5 |22 56 B R /iR (MIBZ-
OH) , H:r, MBZ—NH, & MBZ 1) 2 5 52 2 H i 5L
KA 2 5 B ALA Y, MBZ—OH N2 MBZ 1 i 5L 1
W JE P A AR A . 7E Meuldermans 2513 fit 44 o
W A, MBZ AEAE R BRI 1) JH Hb = 224
i MBZ—OH, 437 o S5 4 37 B 7 50 %6 .58 %6 il
93% AR MBZ —NH, 1L H BL7E 5 T i S By v
5 4 Baliharova 25 AR SMIF 9T P B & B, MBZ £
B 2AMCHE R, — 0T DAZER B M 1L 4R
A4 B R 2R 40 A o3 TR A i MBZ — OH ; — 2
AT DAFE S N B JH- 20 B v A2 B MBZ —NH, 33X 26
R B, MBZ 76 AR 8 ) 0k 9 3 2 AR = ok
MBZ—OH fl MBZ—NH,. &1 ##F5¢  , F A1 %
P MBZ 2 253 45 T W 3k 5 2 )5, FZACH
MBZ—OH 1 MBZ—NH,"" , 1 . ¢ 8] MBZ 7£ fa
PR BRI B A RS 2 2R AR TE 6
3.2 MBZ7EH 3k & i 53 o FAHE it M4

AR, MBZ FARS ) 32 250 4 T A 3k 7 1
W JFF R T A A1 20, FE B v Tl 0 285 4 LA 25 0 )RR
F, RTELS 245 2 )5 K4 MBZ B4 8k A ik
o DEas 35 MBZ 78 K B A 58 25 R 250
KR 0.06~10 mg/kg 1) “C-MBZ 2 J& , KB4
25 D Mg v R, 32 R R AR Y 25 W SR 21
B, 3 A R 10 0 3 B R LA i 3 v A
BN i S S0 AN PRAR NS B, HLf G 2 R AR
HE it 3] 7K Hh, BT LR AT LK Hh 25 0 0 e i A
by HE 4 A L0 . AR AR ST R, MBZ #E K
(6 18] i 2 1 561.95~4 623.15 pg, o5 8 8] i & 1
32.32%. FE AN, MBZ %50 i e e, B
9% W25 3E AT PRIGHEME . R4 24 )5 2~4 h, LR
T2 ST T B R B T 27~42 pg/L . R
o, MBZ 22 o ZEEHR, I Tk 70 %0~
90% , It HIFIE 254 i 4 K5y . A4 2)5 1 h, KERL
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(A P RS I MBZ 5 80 T 15%0;4 h 2 )5, JRE
YIE L FRER T 1% R4 ER N, MBZ
TESAE T i [ R T 35 73.1 %, PRI i [l i R A
10.8%'9 . H ik al WL, MBZ 76 A K BURI45 E AR Py
246 JCHR 3 3 2ok S HE RSN, B RICE S A
1o T 1Sk 7, 3 AT B 3 8] B AR TR HET LA 6
3.3 MBZEzh# kA [E] Ui

A 5T, MBZ 78 F 3k 5 1 P9 ) sl B
42.64% , W AR T H AL fEIA s b ST
R MO PEAR L 20 MBZ 147 25 9 1R 351 A 2
SVEVEMY , AR 5T 45 5% HP % [T A 1
XA RESE T, O TR 2 2 (UC FPHDARIC I 25
B TR, R 5 A2 0 (SRS T 454 2 20 itk
Py P AT BE TR B T #e i Ay DR (H
S, WO R VS KR PR I 0 e A AT ), T
BRI 20 = AR A BE TS A, A i &, — sk
B IIETE I L, B E AR AR A AR B
1 2 e KB R B b T A R Y (R
F1)) H s T AR R B BLRE % T B2 A H A
BB, R CRAFE B AR e 19 25
PHEAT IS ) UE B 25 i AR AT o 5 A AE LA
PRI T N CBRALZL R B s R 2 R i S
CL AT B 4 P 2D AR TR, 20K 10096 9 4E H 251
A 43 e 1) A 4L 8+ & /5 AR AR WHO
HEAE I W T R A T 1 A Fh A SUR R/ W5 1
MRL BIAT . 40 SR vA 0 B 265 0 A AR 5 2 80
FEA KB BRI AT R (RRALZY 5% B3 AR R M Al 2 B
i, AR R bR R Y S AR B HR ) R ] U AT
SHPERR I 25 W) 72 50 B ) v 1K 5% B bR s ) T R R G
ZJE A MRL . AWFSE & B, MBZ 78 fa A o i1 2 22
=5 N & o sh ¥ A 1R, B MBZ—OH #il
MBZ—NH, 7 & A7 6 i 21 A A =4 . Kk, af
LR WO PR AR AT 89 MBZ $E4T W0R R 6086 . R
SR [N HL AR, (ER B T HLAE fa AR i Wi 43 A
FHERE B, 258 T2 588 B .
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Mass balance of mebendazole in body of blunt snout bream,
Megalobrama amblycephala
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Abstract Mebendazole (MBZ) was administered to blunt snout breams (Megalobrama amblycepha-
la) by oral gavage, and water samples were collected at corresponding time points of 0.25,0.5,1,2, 3,4,
5,6,7 and 8 d after drug administration to study the distribution and excretion of MBZ in the body of blunt
snout bream. The liquid chromatography-mass spectrometry (LC-MS/MS) was used to determine the con-
centrations of MBZ and its metabolites in the water samples after extracted and purified by solid-phase ex-
traction. The fish experimented were killed and its blood, liver, kidney, gill, muscle and other tissues were
collected and weighed after the water samples were collected on the 8th day. QuEChERS method was used
for extraction and purification,, LC-MS/MS was used to detect the concentrations of MBZ and its metabo-
lites in each tissue. The recovery amount in each tissue was calculated. Results showed that the recovery
amount of MBZ and its metabolites in the heart, liver, spleen, gill, kidney , intestine etc.was ranged from
3 332.26 to 5 345.52 pg accounting for 13.74%-23.74% of the total dose , with the highest recovery amount
in the intestine up to 5.18%-12.85% of the total dose. The recovered amount in other tissues was ranged
from 987.22 to 1 907.19 pg accounting for 5.19%-11.40% of the total dose.The recovery amount in water
was ranged from 1 561.95 to 4 623.15 pg accounting for 6.44%-21.88% of the total dose. The total recov-
ery amount of MBZ was ranged from 6 295.50 to 10 983.41 pg, with the average recovery ratio of 42.64%.
It 1s indicated that MBZ mainly exists in the form of mebendazole , hydroxybendazole and aminobendazole in
the body of blunt snout breams, and no other metabolites were detected after oral gavage. MBZ and its me-
tabolites were mainly distributed in the intestine, liver, other tissues, but the overall recovery ratio was low.
It is indicated that mebendazole is poorly absorbed in the body of blunt snout breams , and its metabolic path-
way 1s similar to other animals.Mebendazole is mainly excreted through feces and urine.
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