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Absiracts : Simultaneous mmultiresidue analysis using liquid chromatography determination for five
benzimidazole anthelmintics(thiabendazole, oxibendazole, albendazole, mebendazole and fenbendazole) in
bovine muscle, liver and omasum has been described. Blank or benzimidazole-fortified samples(0.5g) were
blended with bulk Cys(40um, 18% load, endcapped, 2g). A column made from the resultant Cjs/animal
tissue matrix was first washed with hexane(8m{), following which the benzimidazoles were eluted with
acetonitrile(8m¢). Analytes of extracted sample were determined by liqmid chromatography with UV detector
at 290nm. Correlation coefficients of standard curves for individual benzimidazole isolated from fortified
samples, using internal standardization, were linear(0.9911+0.007 to 0.9960.005) with average relative
percentage tecoveries from 62.113.8(%) to 92.317.5(%) for the concentration range(0.2~6.4ug/g),
respectively. Recoveries rates of TBZ, MBZ in liver, OBZ, MBZ in muscle and TBZ, MBZ in omasium
from fortified benzimidazole were 92.%, 87.3%, 74.5%, 82.7%, 75.2% and 83.5% at condition II,
respectively. Condition II showed higher recoveries rates than condition 1.

These results indicated that the matrix solid phase dispersion(MSPD) methodology is acceptable for the
determination of 5 benzimidazole anthelmintics and may also suitable for other matrixes of food animal

origin.
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Text-fig 1. Principal benzimidazole anthelmintics and related compounds, including hapten(l)
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Table 1. Analysis for liquid chromatography conditions in condition 1

FI° F2’
Time(min) % of B in A Fime(min) % of Bin A
0~5 14 0~5 44
5~22 14 o 22 5~15 44 1o 64
22~30 2 10 54 15~25 64
30~35 14 25~30 44

a : Flow rate 1m¢/min, b : Flow mate 0.5mé/min.
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Fig 1. Representative chromatograms of acetonitrile extract of (A) standard benzimidazole, (B) blank control, (C)
benzimidazole fortified samples(8 ug/g tissue). Orders of elution are thiabendazole(1), oxibendazole(2), albendazole(3),
mebendazole(4) and fenbendazole(5).
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Fig 2. Comparison of extractive activity of benzimidazoles at 8ug/g in liver between activated alumuna and florisil column.
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Table 3. Recoveries of oxibendazole, fenbendazole, mebendazole, albendazole, and thinbendazole at concentrations of 0.2,

04, 0.8, 1.6, 3.2, 6.4 ug/g in liver; at condition |

Fortified level Recovery(%)
) TBZ OBZ ABZ MBZ FBZ
(meanS.D) {meantS.D) (mean+S.D) {mean+S.D) (mean+S.D)
02 734172 726+ 62 684+ 48 97192 537+ 5.5
04 72.6+74 732451 92462 7431 46 54643
0.8 742168 - 737143 70.11+1.3 76,7137 63.51+38
16 7631 6.1 7462 3.1 706432 80.6+3.1 674231
32 752454 77525 723£338 £22+28 9.5 4.1
64 824532 8234238 746123 846226 721435

Number of sample : n=3.

TBZ : thiabendazole, OBZ : oxibendazole, ABZ : albendazole, MBZ : mebendazole, FBZ : fenbendazole

Table 4. Recoveries of oxibendazole, fenbendazole, mebendazole, albendazole, and thiabendazole at concentration of 0.2,
04, 0.8, 1.6, 32, 6.4 ugfg in muscle; at condition I

Fortified level Recovery(%)
ko TBZ OBZ ABZ MBZ FBZ
(mean*S.D) (mean*S.D) (mean*+S.1D) (meantS.D) (mean+S.D)
02 674+ 46 703+ 64 657136 675136 528492
04 9.6+ 4.4 707+ 62 677+ 6.1 €0.7138 536176
08 702435 71558 68.1%53 733126 545472
16 0.6+ 3.4 74162 €92+16 75.642.1 583458
32 737+ 42 736146 705+25 782431 61261
64 752438 742438 762157 79.6%32 61239

Number of sample : n=3

Table 5. Recoveries of oxibendazole, fenbendazole, mebendazole, albendazole, and thiabendazole at concentration of 0.2,
04, 08, 1.6, 3.2, 64 ug/g in omasum; at condition

Fortified level Recovery(%)
(ugle) TBZ OBZ ABZ MBZ FBZ
(mean+S.D) (mean+S.D) (mean+S.D) (meantS.D) (mean*S.D)
0.2 62.1:3.8 675163 63.615.7 675164 521183
04 634142 65.613.5 642158 68765 52672
0.8 65735 692+3.6 67.3+6.1 702+8.2 5471+6.8
1.6 67233 70642 69549 73.3£65 569+59
32 703122 709148 70342 742143 625143
64 732+28 739+6.1 7461+ 3.1 786138 64.7+3.8

Number of sample : n=3.
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Table 6. Recoveries of oxibendazole, fenbendazole, mebendazole, albendazole, and thiabendazole at concentration of 0.2,
04, 0.8, 1.6, 3.2, 6.4ug/g in liver; at condition II

. Recovery(%)
Fortified level
(gl TBZ OBZ ABZ MBZ FBZ
(mean*S.D) (mean+S.D) (mean1S.D) (meant8.D) (mean+S.D)

0.2 805+ 4.6 71.7+32 69.4+22 724141 534+4.6
0.4 83.21+3.9 70625 687173 7271+ 4.6 542155
0.8 85.7+29 742164 7031 4.6 768143 572152
1.6 87.6%+28 74,7+£6.6 722+37 834158 59.616.3
32 89.4+6.8 772+43 T27+t24 856128 645143
6.4 N3+75 796128 746+ 1.6 87323 677129

Number of sample : n=3.

Table 7. Recoveries of oxibendazole, fenbendazole, mebendazole, albendazole, and thiabendazole at concentration of 0.2,
04, 0.8, 1.6, 3.2, 6.4 ug/g in muscle; at condition Il

. Recovery(%)
Fortified level
(uglg) TBZ OBZ ABZ MBZ FBZ
(mean+S.D) (meantS.D) (meantSD) {mean+S.D) (mean*S.D)

02 685131 692178 65727 696128 5241+64
04 70132 69.61+7.5 624126 72.3+21 52.6+63
0.8 71.3+43 70.3+68 668125 76.7+7.1 53928
1.6 726142 73.2t£6.1 692113 794+t 46 567126
32 732+t23 736152 70437 81.6£5.3 594+33
6.4 744127 T45+28 73.612.1 827422 63.7t3.1

Number of sample : n=3.

Table 8. Recoveries of oxibendazole, fenbendazole, mebendazole, albendazole, and thiabendazole at concentration of 0.2,
04, 0.8, 1.6, 3.2, 6.4 yg/g in omasum; at condition [I

Recovery(%)
Fortified level
(el®) TBZ OBZ ABZ MBZ FBZ
(mean+S.D) (meantS.D) (meantS.D) (mean:5.D) (mean+S.D)
02 632138 665149 64.11+:4.2 697152 51.8L8.9
0.4 655+52 648+56 63.21+63 703+t24 52146
0.8 663+38 68.71:5.4 657172 744121 536144
1.6 68.41+6.1 70.31+4.1 67.21+5.6 76.7+13 554152
32 716128 70.1+4.2 677147 8021+1.2 584155
6.4 75227 729132 71.6+29 83.5+1.1 62.61+3.7

Number of sample : n=3.
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Table 9. Detection of benzimidazoles residues in specimens by analysis condition ] and II

Detection range(ug/g)
Condition | ConditionI1
Liver Muscle Omasum Liver Muscle Omasum
TBZ 0.011 ND 0.042 0.013-0.026 0.076 ND
OBZ 0.036 0.030 0.010-0.064 0.019-0.071 ND 0.005
ABZ 0.06 0.025 ND 0.003-0.082 ND 0.023
MBZ 0.050.014 ND 0.017 0.002-0.037 ND ND
FBZ ND ND 0.006 0.004-0.006 ND ND

Number of sample : n=5.
ND : not detected.

1,000m’e = o7)e] EgAlS] 74 Y &
APl FHA A8 Col Wl FEsiA g3
= A Aot HFAd EFE vF49 Cwoll A
v e FA39 AL Cyol Uit k& HA
gobe AS ol&st AR "X el ofef gl Wy
2 AALe S 8WE gEA T o AFEAHA
g HAgo| wjf e HFgo] Bg& WY oz}
AlZro] #A A8 FEBE T4 AR sl JHE
AL A& AAE F e S 7 wgeR
geiA Ao,

MSPD el A} Cig %R AJ0] oFF ZABIERE o] 3
£ 0|83t AR 05 g& Cud A8 23 A
ARl Cud XA wjFo AFHZ = Ao)
acetonitrilesl]  benzimidazole Rt} &3j4je] Wowz
benzimidazoleol] B|3] A H & %A £2FPo TN B
27} dojuir, CpollA HE&)7t dojvhA acetonitrile £
A Zo Holls R AARE HFAYPOR A}
£8 84 ¢Fvvte} flosil 2& FASPAAM A AH7]
W&ol Y= benzimidazole S WFE=] ok Wair}
2o 2 ZHA SHl2 £& 9

£ A% Az Figle A2nEIHL 10 & o4
B ST Long et al’ ¢] AFe £ A3 Bk o7 §
Z Sl AIZHISE)e] o dojAlE A flel= & Z3e}
9z a9y 183 acetonitrileE benzimidazole S 2
Al Bojoll 9% WEiE ) 712e] Wby R A e
W 2R Ceell 313HAde] Sl x B3ty #
HoZRE AHe] 2 glo] benzimidazoleo] AlEEH
H 2 FEHoiAE AL MSPD F&3PH 7 florsil
4 G2 2y AFROE sty et A A}
HHofzh

Barker et al’'& 32730 % Florsil: g AHE-3l2

acctonitrile . & 31%E o ABZ9| 35 & 49 4
3 7oA 739480 ¥ 724126, FBZE 740118
2 620153, MBZE= 63142 2 930+5.7, TBZ: 638
196 % 7851 1.001%t) ol ¥ A¥M 7o dE
Hog A& A 2F & 3egg 2 AR
E Al7E oy Hags FHdMe fAE AR
Btk 3 Barker et al* & A goA B dApe} e
AAE wEE AM-ET etylacetate SmLE  F&5l
acetonitrile 50 1.2} 0.05 N Phosphoric acid 450 xLE #
ZEE fdiste FAE o TBZ: 63.821957,
MBZ: 63.01+4.24, ABZ}= 73.92+7.99, FBZE= 7397+
11.82¢9] g4&E Hel A2 B 483 fARIYoY
TBZ9} MBZ9H Th & ZAAE HYr) ol Bzl 2
olsh A& 5 thke YldlH & & U= Aolz
AFEE

Marti et a2 benzimidazole® O.luglg FFOT
fortified & A9 A 2Kl ABZE ZHzh 71+
4.1 R 71157, FBZE: 87136 % 77435 MBZE 65+
51 2 66+11.6, OBZE 75+69 2 7082, TBZ: 66+
44 9 661559 &g HAth ol d3 3 OBZY
AAE A3 A AR B 97 dae ME
tE &l B o= pH 3.5914 ion-pair reagent
pentasulphonate & A-8-5ted B8 A3z A A g2
AAe Y AolR AR}

Long et al’s] Whdg w7sled A Az TBZ
MBZ % FBZ9 3|4-&o| HWolr ol FEYE & &=
ere g8 f&8viet A8 E dlsle gradiem W
2jo 2 A4 Boulaire et al”2] WY& 43 24 11
2 HYg A3 Table 6~87 o] T BHxA7] &
TE Zhzte) 3582 Ao Folrt A wten) TBZ
¢} MBZ9| 358&-& o7t A45dts A8E By, FBZ



180 AE8, A2A, g8, s, RA%F, &47), A5, ARE, UES

]
i

2 delds S48 e AFER BA4S 4% &
|32 ANE F&-HAWHE YT, benzimidazole
ERARES Y AN 58 g HA-A
F, 824 g e e 8937 9ste] MSPDe}
HPLC & <7F wAste] AN#e A3 ohgst 22 3
25 Ik
1. 2} standard benzimidazole®] EFZAMe] thdt 37

Halo| s A FBA S r3LS thiabendazole (TBZ)+=

Y=186636X-10468 (1=0.996), oxibendazole (OBZ):=

Y=338557X-13468 (r=0.996), mebendazole (MBZ):=

Y=437820X-20135  (r=0.995),  albendazole(ABZ):=

Y=268430X-13319  (r=0.994), fenbendazole(FBZ):

Y=162813X-40830 (r=0.99DEA HFoA4AL Hol:

=EiCbe=1
2. TBZ, OBZ, ABZ, MBZ, FBZ¢] 3482 BZF 89S

02~6.4 pgg TEZ fortifieddt 7, A&7 AGA

o) HF &L 62.1138(%)NA 92.3+£75(%) °

[Ax, oM 7t @ HEgE ek
3274 1, I8 Wes Ao 2%, 7+ @ HPIA

benzimidazole & fortifieddt A 89 3¢&& 4T

A7 224 0 A 7klAlE TBZo| 92.3%, MBZo)

87.3%01303, &l A OBZo] 74.5%, MBZo) 82.7%

Bom, HYPdlA = TBZe] 75.2%, MBZe| 83.5% 2

Z7A09] We] 271 Wgel nlsle o] & 3

&8 YelSith
4. ZATHNOS WHoZ AZA AlsT = 78 4

£, Aol thsle] HPLC #4418 3% 23 HEere

71EX]8) 01pugg ©138IE vlw A W& ek
5. oAz}t 7+e AnZ Hol MSPDHE A2z 72

o] B FRE VA U AEBEFE ZF

benzimidazoles & $=&, ¥, AFse=w Bt 87

9] Wo] @ RO AIEHY, o] HhEE TE H4

o AFEAE BM3Eu 2E3 yie] E A

o8 Azt

#oRH

1. 34, AE5. 724, HPLCY) o8 A8e] d3
ezl 2FH B4 ggholeig)x] 34:55-62. 1994.
2. 32, AS4, 124, MSPDg} HPLCE o] &3
olfel 27 dupA|e vEAlelEHA FAER

10.

1L

12.

13.

14,

o FA §4. ¢ &FLY 13I%] 5(3):139-158.
1997.

L AEE ATA, 4. FY FVABANY 25

FoF FAEY Nud A9 A7 o e A,
37(1) :213-220. 1997.

. Delatour P, Parish R. Benzimidazole anthelmintics and

related compounds: Toxicity and evaluation or residues.
In Drug Residues in Animals. Rico, A. G, Ed,
Academic Press: Orlando, FL, 175-204. 1986.

. David LB, Ronald GB, Anne HB, and William CM.

Monoclonal  antibody for multiresidue  ELISA  of
benzimidazole anthelmintics in liver. J Agric Food
Chem, 42(7) :1588-1594, 1994.

. Long AR, Hsieh LC, Malbrough MS. et al. Matrix

Solid Phase Dispersion Isolation and Liquid
Chromatographic Determination of five beznimidazole
anthelmintics in fortified beef liver. J Assoc Qf Anal
Chem, 73(6) : 860-863. 1990.

. Leen CD. Benzimidazole fungicides : Mechanism of

action and biological impact. Ann Rev Phytopathol,
24:43-65. 1986.

. Cares C, Marc. Disposition of netobimin, albendazole

and its metabolites in the pregnant rat : Developmental
toxicity. Toxicology and Applied Pharmacology, 144 :
56-61. 1986

. Malisch R, Bourgeois B, Lippold R. Multiresidue

analysis of selected chemotherapeutics and antiparasities.
Deut Lebensm-Rundsch, 88(7) : 205-216. 1992.

Canon P, De la Plaza JL, Munozdelgado L.
Determination and persistence of several fungicides in
post-harvest apples during their cold storage. J Agri
Food Chem 35 : 114-148. 1987,

Susan EP, Charrlotte EF, Stephan AB. Determination
of concentration of albendazole sulfoxide in plasma and
uterine fluid of heifers. AJVR 158 : 62-65. 1997.
Yess NJ, Gunderson EL, Roy RR. US Food and Drug
Administration mornitoring of pesticide residues in
infant foods and adult foods eaten by infants-children.
Journal of the AOAC Interna, 76 : 492-507. 1993.
Delatour P, Parish R, Gyurik RJ. Albendazole : a
comparison of relay embryotoxicity with embryotoxicity
of individual metabolites. Ann Research Vet, 12:159-167.
1981.

WHO. Tiabendazole(TBZ) in Toxicological Evaluation
of certain Veterinary Drug Residues in Food. WHO



15.

16.

17.

18.

19.

21.

AEIAFEAA 2 JAIZ I ET N E o] 88 4o 24,

Food Additives. Vol. 31. WHO, Geneva, Switzerland.
37-62. 1993.

U. S. Department of Administration. General Principles
for Evaluating the Safety of Compounds Used in
Food-producing Animals, Washington, DC. 1986.

U. S. Department of Agriculture. Compound evaluation
and analytical capability national residue program plan,
Food Safety and Inspection Service, Brown, J.(Ed.),
Washington, DC. 1988.

U. S. Department of Administration, Fenbendazole drugs
for animal use, Code of Federal Regulations. Title 21,
Part 556:730. 1988

FHTAHE. FAOWHO, A ME 1249143, 4
AF A AH(EE F AF, AE ), p 7. 19%.
Long AR, Hsiech LC, Malbrough MS, et al. Matrix
solid-phase  dispersion(MSPD) extraction and liquid
chromatographic determination of five benzimidazole
anthelmintics in pork muscle tissue. J Food Compos
annal, 3 : 20-26. 1990.

. Marti AM, Mooser AE, Koch H. Determination of

benzimidazole anthelmintics in meat
Chromatogr, 498 : 145-157. 1990.
Barker SA, Long AR, Hines ME. II. Disruption and
fractionation of biological materials by matrix solid-
phase dispersion. J Chromatogr, 629 : 23-24. 1993.

samples. J

. Barker SA, Long AR, Short CR. Isolation of drug

23.

25.

26.

27,

28

. Barker SA, McDowell

TR AN WA GEA 754 AFES 181

residues from tissues by solid phase dispersion, J
Chromatogr, 475 : 353-361. 1989.

Boulaire SL, Bauduret JC, Andre F. Veterinary Drug
Residues Survey in Meat : An HPLC Method with a
Matrix Solid Phase Dispersion Extraction. J Agric
Food Chem, 45 : 2134-2142. 1997.

T, Charkhian B, et al
Methodology for the Analysis of Benzimidazole
Anthelmintics as Drug Residues in Animal Tissues. J
Assoc Off Chem, 73(1) : 22-25. 1990.

Barker SA, McDowell T, Charkhian B, et al.
Methodology for the Analysis of fenbendazole and its
metabolites in plasma, urine, feces, and tissue homogenates.
Anal Biochem, 155 : 112-118. 1986.

Bogan JA, Marriner S. Analysis of benzimidazoles in
body fluids by high-performance liguid chromatography.
J Pharm Sci, 69 : 422-423. 1980.

Rene VA and Neslon Al Liquid Chromatographic
fluorescenece method for multiresidue determination of
thiabendazole S-hydroxy-thiabendazole in milk. Journal
of ACAC Interna Tion, 78(3) : 642-646. 1995.

Susas SC, Tai NC, Charlie JB. Determination of
thiabendazole, 5-hydroxythiabendazole, fenbendazole, and
oxfendazole in milk. J Assoc off Anal Chem, 73(3) :
368-37. 1990.



