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Abstract

The current experimental work reports on the comparison of the milk residue profile of the benzimidazole (BZD) anthelmintics after their
administration by the oral and subcutaneous (SC) routes to dairy cows. The cows were distributed in four groups and treated as follows—Group
1: oxfendazole (OFZ) by oral route (5 mgKg; Group 2: albendazole (ABZ) by oral route (5 mg#y Group 3: albendazole sulphoxide
(ABZSO) by SC administration (3 mg kg); Group 4: OFZ by SC route (3 mg k§). After drug administrations milk samples were collected
and frozen at-20°C until analyzed by liquid chromatography (LC). A complete validation of the analytical methodology was accomplished.
Regression curves were linear over the concentrations examined and the correlation coeff)jaiantge( between 0.994 and 0.999. The
mean extraction recovery range between 77 and 97%. Residual concentrations of OFZ, fenbendazole sulphong §RBFB2 were
recovered in milk after OFZ oral administration. OFZ reached the highest concentration in milk=(0.89u.g mi~1) at 12 h post-treatment,
being detected up to 72 h post-treatment. In contrast, FBZ was not detected in cow milk and FAB&ZStBe main analyte recovered from
the milk with the maximum milk residues (0.0420.003u.g mi~1) achieved at after 36 h following the SC injection of OFZ. ABZSO and
ABZSO, were the metabolites recovered in milk following oral (ABZ) and SC (ABZSO) treatments in dairy cows. AB¥&Qhe analyte
recovered at the highest residual concentration (&.8@3uwg mi~t) at 12 h after oral administration of ABZ. However, ABZSO was the
main compound measured in cow milk following its SC injection (Quii8ni~2) at 12 h post-treatment. Overall, the total milk residue levels
(sum of parent drug and metabolites) were higher after oral compared to parenteral treatments in dairy cows. These results reported here are
discussed according to the acceptable maximum residue limits (MRLs) established for BZD compounds in cow milk.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction treatment of infected dairy cows can advantageously in-
fluence milk production. Enhancement of milk produc-
It has been shown that cattle may develop protective tion of ~0.35-0.63kgday* after anthelmintic treatment
immunity against parasites in the first or the second graz- of naturally infected lactating dairy cows has been shown
ing seasons. However, adult cows can still be infected with [3,4].

several gastrointestinal (GI) nematodd$. These infec- Anthelmintic drugs are widely used in veterinary medicine
tions are normally sub-clinical but they have been asso- for prevention and treatment of animals mainly against
ciated with decreased levels of milk productig2]. In gastrointestinal nematodes and lungworms. Benzimidazole

addition to this, several reports have demonstrated that(BZD)compounds currently marketed as broad-spectrum an-
thelmintics for use in ruminants, include albendazole (ABZ),

* Corresponding author. Tel.: +54 2293426667. albendazole sulphoxide (ABZSO0), fenbendazole (FBZ), and
E-mail addressimoreno@vet.unicen.edu.ar (L. Moreno). oxfendazole (OF2). Itis well known that BZD anthelmintics
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Fig. 1. Chemical structures of the benzimidazole compounds assayed in the current work: (a) albendazole (ABZ) and its metabolites, albehdzigiele sulp
(ABZSO) and albendazole sulphone (ABZgQ(b) fenbendazole (FBZ) and its metabolites, oxfendazole (OFZ) and fenbendazole sulphone §BZSO

are extensively metabolized in all mammalian species stud-

ied [5,6]. Parent drugs are rapidly metabolized by two dif-
ferent microsomal enzymatic systems in the liver of sheep
and cattle: flavin-containing monooxygenase (FMO) and cy-
tochrome P-450 system. The sulphoxide (ABZSO) (active)
and the sulphone (ABZS) (inactive) metabolites are the

main molecules recovered in plasma of sheep and cattle af-

ter treatment with ABZ parent drudrig. 1a). On the other
hand, after FBZ administration to sheep and cattle, in ad-
dition to the sulphoxide (OFZ) (active) and the sulphone
(FBZSQ) (inactive) metabolites, FBZ parent drug was re-
covered from plasm§/,8] (Fig. 1b). Although these BZD
anthelmintic have a wide safety margin in treated animals,
a teratogenic effect has been described for ABZ in some
animal specie§d]. Currently BZD compounds can be used
in dairy animals but required withdrawal times after treat-

thelmintics have now been defined by regulatory agencies
[10,11]

Low water solubility is an important limitation for the
formulation of the most potent BZD methylcarbamate an-
thelmintics (ABZ, FBZ, etc.), restricting their formulation to
suspensions for oral/intraruminal administrati@2]. Poor
and/or erratic gastrointestinal absorption is an inconvenience
for the systemic availability and resultant efficacy of enter-
ally administered BZD compounds. In an attempt to over-
come this problem, injectable formulations (aqueous solu-
tions) of ABZSO and OFZ have been developed to control
helmint parasites in cattle. The milk residues of some orally
given BZD compounds in dairy animals have been reported
[13-16] However, the pattern of milk excretion for parenter-
ally administered BZD anthelmintic in dairy cows has not
been described.

ment must be respected to avoid residual concentration above The goals of the work reported here were: (1) To develop

the defined maximum residues (MRL). MRLs for BZD an-

and validate an alternative analytical method to quantify
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residual concentrations of BZD-related molecules in bovine 2.3. Milk samples analysis

milk. (2) To apply the developed methodology to compare the

milk residual concentrations following oral (OFZ and ABZ) 2.3.1. Drug extraction

and parenteral (OFZ and ABZSO) administrations of BZD Milk samples (0.5 ml) containing FBZ, OFZ, FBZS0r

methylcarbamate anthelmintics at therapeutic dose rates toABZ, ABZSO, ABZSO, were placed into a 5 ml plastic tube

lactating dairy cows. and spiked with the IS (fugmI~1). Drug molecules were
extracted from milk by addition of 0.5 ml acetonitrile under
a high speed vortexing shaker (Multi-tube Vortexer, VWR

2. Experimental Scientific Products, West Chester, PA, USA). After centrifu-
gation (BR 4i Centrifuge, Jou&n Saint Herblain, France) at
2.1. Animal trial 2000x g for 15min at 10°C to allow phase separation, the

clear supernatant was transferred to a 10 ml plastic tube, and

Twenty-four healthy Holstein cows, during the second lac- then 6 ml of pure water were added. The mixture was vor-
tation period, with an average body weight of 5825 kg texed for 5s and transferred tqgxartridges (100 mg, 1 ml,
were used in this experiment. The cows were kept on pas-Lichrolut®, Merck, Darmstadt, Germany) using a manifold
ture over the duration of the study. Animals were ran- vacuum (Baker spe-24G, Phillipsburg, USA). The cartridges
domly allocated in four groups of six and were treated Were previously conditioned with 0.5 ml of methanol, fol-
as follows—Group 1: animals received oxfendazole (OFz) lowed by 0.5 ml of water. All samples were applied and then
(aqueous suspension) by the oral route (5 ng-kgGroup sequentially washed with 0.5 ml of water, dried with air for
2: cows received albendazole (ABZ) (aqueous Suspension)l min and eluted with 2 ml of methanol. The eluted volume
by the oral route (5 mg kgt); Group 3: animals were treated Was evaporated (4{C) to dryness in a vacuum concentra-
with albendazole sulphoxide (ABZSO) (aqueous injectable tor (Speed-Vak, Savant, Los Angeles, CA, USA), and then
solution) by SC administration (3 mgkd); Group 4: ani-  reconstituted with 30l of mobile phase.
mals were treated with OFZ (aqueous solution) given by the
SC route (3mgkg?). The anthelmintic doses were calcu- 2-3.2. LC conditions
lated individually according to body weight. The cows were ~ Experimental and fortified milk samples were analyzed
milked twice a day using milking machine. Milk samples for FBZ, OFZ, FBZSQ and ABZ, ABZSO, ABZSQ by
collected before treatments were used as blank controls forLC. Fifty microliters of each sample were injected in a Shi-
development of the analytical method. Milk samples (approx- Madzu Chromatography system (Shimadzu Corporation, Ky-
imately 50 ml) were collected at the morning and afternoon 0to, Japan), with two LC-10AS solvent pumps, an automatic
milkings over 5 days after drug administration. The samples Sample injector (SIL-10A), an ultraviolet visible spectropho-
were well homogenized, aliquoted for analysis into plastic tometric detector (UV) (SPD-10A), a column oven (Eppen-

tubes and frozen at20°C until analyzed by liquid chro- ~ dorf TC-45, Eppendorf, Madison, W1, USA) set at3D, and
matography (LC). a CBM-10A data integrator. Data and chromatograms were

collected and analyzed using the Class LC10 software (SPD-

10A, Shimadzu Corporation, Kyoto, Japan). AgCeversed-
2.2. Materials and reagents phase column (Lufy Phenomenex, Torrance, CA, USA)

of 250 mmx 4.6 mm with 5um particle size was used for

Pure reference standards of FBZ, OFZ, FBZRhone  gseparation. The method used was adapted from a procedure

Merieux, Lyon, France), ABZ, ABZSO, ABZSQandthein-  previously developed in our laii7]. Elution from the sta-
ternal standard (IS) oxibendazole (OBZ) (Schering Plough, tionary phase was carried out at a flow rate of 1.2 mimhin
Kenilworth, USA) were used for the validation of the analyt- using acetonitrile and ammonium acetate buffer (0025 M,
ical methodology. Acetonitrile and methanol solvents used pH 6.6) as the mobile phase. The gradient changed linearly
during the extraction and drug analysis were HPLC grade from 30:70 (acetonitrile:ammonium acetate buffer) to 50:50
and purchased from Sintorg&rS.A. (Buenos Aires, Ar-  in 5min, then maintained for 8 min and modified to 30:70 in
gentina). Ammonium acetate (HPLC grade) was from Merck 1 min, in which was maintained over 3 min. The detection of
(Haar, Germany). Water was double distilled and deionized drugs/metabo"tes was done at a Wa\/e|ength of 292 nm.
using a water purification system (SimplidityMillipore,
Sao Paulo, Brazil). The following commercially available 2 3.3. validation procedure
formulations were used in the current experiments: (1) OFz A Comp|ete validation of the analytical procedures for
suspension for oral administration (Vernfox50 mgmi™, the extraction and quantification of the BZD anthelmintic
Over, Argentina); (2) OFZ injectable solution (Endd¥et  residues in milk was performed before the analysis of
150 mg mit, Novartis, Argentinay); (3) ABZ micronized sus-  the experimental samples. Stock and working solutions of
pension for oral administration (ValbaZ&n100 mgmf?, two different mix of standards FBZ + OFZ + FBZS@nd
Pfizer, Argentina); (4) ABZSO injectable solution (Bayverm ABz + ABZSO + ABZSQ, in methanol were prepared. The
P.L®, 150 mg mit, Bayer, Argentina). linearity of the method was tested after elaboration of analyti-
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cal calibration curves for each compound in milk. Blank milk each compound in blank milk samples<5) spiked with
samples were fortified with each analyte in a range betweenlS. The theoretical LOD was defined as the mean baseline
0.01 and 2mgmit, plus the IS (Jug mI~1). The analytical noise/IS peak area ratio plus three standard deviations (SD).
calibration curves for each parent drug and its metabolites in The limit of quantification (LOQ) was calculated as the lowest
milk were obtained using the linear least squares regressiondrug concentratiom(=5) on the standard curve that could be
procedure, using thein testand ANOVA to determine ifthe  quantitated with precision not exceeding 20% and accuracy
data differed from a straight line. The extraction efficiency of within 20% of nominal.

the six analytes was determined by comparison of the peak

areas from fortified blank milk samples (0.1, 0.5, 1 mgl

n=5) with the peak areas resulting from direct injections of 3. Results and discussion

equivalent quantities of standards in mobile phase. Precision

and accuracy (intra- and inter-assay) of the method were de-  The analytical procedures, including chemical extraction
termined by evaluation of replicates of drug-free mitk=(5) and LC analysis of BZD anthelmintics in cow milk were
with each compound at three different concentrations (0.1, validated appropriately. Representative chromatograms are
0.5, 1mgmt?). Precision was expressed as coefficient of shown inFig. 2 Those chromatograms were obtained after
variation (%CV). The accuracy of a measurement is defined the analysis of milk blank samples spiked with either the IS
as the closeness of the measured value to the true value. Acalone Fig. 2a), OFZ, FBZSQ@ and FBZ at a concentration
curacy of the method was defined by the differences betweenof 0.5 mgmi? (Fig. 2b) or ABZSO, ABZSQ and ABZ at
measured and nominal concentration obtained by intra- andthe same concentration (0.5mgm) (Fig. 2c). No major
inter-day assays (5 consecutive working days), and expresse@&ndogenous chromatographic peaks, which could interfere
as the relative error (%RE). The theoretical limit of detec- with the resolution of drugs were observed. Peaks of interest
tion (LOD) was estimated integrating the baseline noise of were well separated from other sample components and also
the system in the area covering the mean retention time offrom neighboring peaks; besides, good peak shape was ob-
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Fig. 2. Chromatographic separation of fenbendazole (FBZ), oxfendazole (OFZ), fenbendazole sulphonejFBidSalbendazole (ABZ), albendazole
sulphoxide (ABZSO) and albendazole sulphone (ABZ5i@ cow milk samples. Chromatograms include blank milk samples spiked with: (a) the internal
standard (IS): oxibendazole (OBZ); (b) fenbendazole (FBZ), oxfendazole (OFZ), fenbendazole sulphonexjRBZ3@ mi~1) plus the IS; (c) albendazole
(ABZ), albendazole sulphoxide (ABZSO) and albendazole sulphone (ABZ&® g mi~1) plus the IS.
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Table 1

Analytical recovery (range and CVh€5), limit of detection (LOD) (=5), limit of quantification (LOQ) i=5) and linearity (= 3) of the methodology
developed to measure fenbendazole (FBZ), oxfendazole (OFZ), fenbendazole sulphone{f;BE@0dazole (ABZ), albendazole sulphoxide (ABZSO) and
albendazole sulphone (ABZSPin bovine milk

Drug compounds Recovery (%) LORgmI1) LOQ (ugmi~1) Linearity, r
FBZ 77-80 (1.6) 0.014 0.025 0.999
OFz 88-89 (0.9) 0.004 0.01 0.999
FBZSQ 90-92 (1.7) 0.014 0.025 0.999
ABZ 83-91 (6.4) 0.026 0.05 0.995
ABZSO 79-95 (8.0) 0.020 0.025 0.995
ABZSO; 81-97 (8.9) 0.009 0.025 0.994

tained for the compound under analysis. Under the describedare shown inFig. 3b. In contrast to the oral administra-
chromatographic conditions, the retention times (min) were tion of OFZ, FBZ was not detected in cow milk. FBZO
4.9 (ABZS0O), 6.6 (OF2), 7.1 (ABZS$), 8.8 (FBZSQ), 9.7 was not quantified in the milk from the first-milking. How-
(OBZ2), 11.8 (ABZ), and 15.2 (FBZ). The results of the com- ever, this molecule was the main analyte recovered from
plete validation of the analytical methodology are summa- the milk of OFZ treated cows by the SC route, reaching
rized inTables 1 and 2The regression analyses were linear the maximum milk residue level (0.0420.003 mg mt?) af-
over the concentrations examined and the correlation coeffi-ter 36 h post-administration. The highest OFZ milk residue
cients () of the calibration curves ranged between 0.994 and (0.03+ 0.01 mg mt1) was measured at the first milking fol-
0.999. The mean extraction recovery values obtained for thelowed by a fast disposition which only allowed its measure-
milk samples spiked separately with a mixture of FBZ and ment in milk up to 48—60 h post-treatment.

its metabolites and ABZ and its metabolites ranged between
77 and 97%. These high recoveries were obtained using this
simple method based on liquid-to-liquid extraction with only 0.5+
0.5 ml of acetonitrile combined with solid phase extraction. .
The analysis of low (0.1 mgmt), middle (0.5mgmt?),

and high (1 mgmtt) drug concentration values was used
to determine intra- and inter-day precision and accuracy. As
shown inTable 2 the method exhibited a high degree of
intra- and inter-day precision and accuracy, which is evident 024
by the low CV (<16%) and RE (from-15.0 to 23%). The
LOD values in milk were between 0.004 and 0.026 mgl o1
LOQ values shown irTable 1were low enough to make '
the procedure applicable to the routine use in the anal- ] % =
ysis of residual levels of these BZD compounds in cow e T 48 60 7
milk. (a) Time (h)

The validated method was successfully applied to quan-
tify anthelmintic drug residues in milk from cows treated
with different BZD formulations administered by the
oral and SC routes. Milk residual concentration profiles
(meant S.D.) of OFZ, FBZS® and FBZ after OFZ admin-
istration by the oral route (5 mgkg) are shown irFig. 3a.

OFZ was the analyte that reached the highest concentra-
tion in milk, with the maximum measured concentration
(0.394+0.10mgmt?1) at 12 h after dosing, being detected
until 72 h post-treatment. FBZS@eached its maximum con-
centration at 36 h (0.1F 0.04 mg mt1) after administration

and it was measured in milk up to 72 h post-treatment. The
lowest drug concentration corresponded to FBZ, the thioether :
compound produced by ruminal sulphoreduction of OFZ (v) Time (h)

[18]. This compound attained its highest level at 24 h post-

treatment (0.16-0.02 mg m‘rl), being detectable in milk up Fig. 3. Milk concentration profiles (meanS.D.) (1=6) of oxfendazole
to 48 h post-treatment. (OFZ), fenbendazole sulphone (FBZgGand fenbendazole (FBZ) mea-

. . . . sured after oral (5mgkd) (a) and subcutaneous (3 mgyg (b) adminis-
OFZ and FBZS@ milk residual concentrations obtained tration of OFZ to dairy cows. Peak detected under the limit of quantification

after OFZ administration by the SC route at 3mgkg (LOQ).
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Inter-day precision (%CV)
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Several earlier reports have described anthelmintic drug
residues in whole milk after FBZ oral administration
to dairy cattle. In a pilot study**C-labelled FBZ was
administered to dairy cow as an oral suspension, and
it was shown that this drug was transferred into the
milk, peaking at 24-36h post-treatment at a mean to-
tal residue level of 0.53 0.11ug FBZ equivalents mit of
whole milk [19]. These authors reported similar residue
profiles after the administration of FBZ as three differ-
ent formulations: paste preparation produced the high-
est total residue level (0.320.05 mgmt?), followed by
feed top dressing (0.260.16 mgmt 1) and oral drench
G (0.16+0.06 mgmt1) [13]. In a more recent study, FBZ
residues in milk were analyzed by ELISA, these results
© agreed with those previously described, reporting peak lev-
els of FBZ in milk at 12—24 h, being the metabolites detected
at much higher levels than the parent compound, peaking
9 at 24-36 h, and declined gradualli6]. Although OFZ (a
FBZ-related anthelmintic) was the drug administered by the

046 090
- -10

009
_14

094 009 049 090
- - - ~10

[ee)
3 & oral route in the present study, milk residue profiles showed
' a similar trend to that found after FBZ administration in
g N dairy cattle. The highest residue level corresponded to OFZ,
followed by the sulphone metabolite, which is consistent
Q with the results obtained after FBZ treatmg§i]. FBZ was
-

© the analyte recovered at the lowest concentration. The main
difference obtained in the present experimental work com-

3 0 |z pared to previous reports (where FBZ was orally adminis-
e tered at the same dose) was related to the higher concentra-
= % tions of all the analytes measured in the milk of OFZ treated
S § cows. As a consequence, the total residue peak in milk af-
o 8 ter OFZ oral administrationHig. 5a) at 24 h post-treatment
S8 was also higher (0.6£0.14mgmt?) being the double
g from that reported in this previous wofk3]. However, a
= % higher value of total residue peak (0£®.11 mgmt?) has
oo % also been reportefil9] after oral administration of FBZ,
© % probably due to a difference in the administered formula-
Snle tion.
) 3 The FBZ sulphide was detected in milk after oral treat-
o |8 ment with OFZ. Reductive metabolism of BZD sulphox-
8 S § ide can occur in the gastrointestinal trd20]. Therefore,
I OFZ can be reduced back to its respective thioether by the
® |8 ruminal and intestinal microflor§l8,20,21]and may act
co 3 as a source of FBZ in the digestive tract. This gastroin-
9 § testinal metabolic reduction may be of primary importance
c®|g for the antiparasitic efficacy of BZD thioethers. Since the
3 thioethers have a greater affinity for parasite tubulin than the
g sulphoxides[22,23], this bacteria-mediated reduction may
= have a significant importance for the efficacy against gas-
§ trointestinal parasites. This metabolic sulphoreduction may

also account for the detection of FBZ in milk at resid-
ual concentrations for up to 48h after oral treatment of
OFZ.

After ABZ oral administration (5 mg kgt) to dairy cows,
milk residues of both ABZSO and ABZS(netabolites were
measured, meanwhile ABZ parent drug was not detected in
milk (Fig. 4a). Milk residues were measured at first and

Measured concentratiop.g mi—1)

%RE
Relative error (%RE)

Accuracy
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Fig. 5. Comparison of the total residual levels measured in milk following:
Fig. 4. Milk residual concentration profiles (me&r$.D.) (1= 6) of alben- oral (5mgkg?) and parenteral (3mgkd) treatments with oxfendazole
dazole sulphoxide (ABZSO) and albendazole sulphone (ABj&@asured (OFZ) (a) and oral treatment (5 mgkY with albendazole (ABZ) and par-
after oral administration of ABZ (5 mg kg) (a) and subcutaneous adminis-  enteral treatment (3 mg kd) with albendazole sulphoxide (ABZSO) (b) in
tration of ABZSO (3mgkg?) (b) to dairy cows Residual concentrations  dairy cows. Values express the sum of the analytes recovered in milk: OFZ,
not detected. FBZSQ, and FBZ in panel (a) and ABZSO and ABZ® panel (b). MRL :

maximum residue limits according to Council Regulation of the European

Union No. 2377/90 and Commission Regulation Nos. 508/1999, 2385/1999,
second miIking, with maximum concentrations of ABZSO 2393/1999 and 807/2001; fid residue concentrations not detected.
(0.28+0.11 mgmt1) and ABZSQ (0.86+ 0.33 mgmt?1)
detected at 12 h post-treatment. These residual concentra-
tions decreased markedly at the time of the second milk- ABZSO,, however, this metabolite was measured for a
ing post-treatment (24 h). Besides, ABZS@ilk concentra- longer period of detection, probably due to the higher
tions were lower than those measured for ABZSO. There- dose administered. ABZSO and ABZ%0Onilk residues
fore, the milk residue profile after ABZ oral administra- were also found in milk after subcutaneous injection of
tion was different to that found after OFZ oral treatment. ABZSO at 3mgkg?! (Fig. 4b). The milk residue lev-
These results are consistent with the faster metabolism ofels of ABZSO and ABZSQ were lower than those ob-
ABZ parent drug compared to FBJB]. It suffers a rapid tained after the oral administration of ABZ. ABZSO
first-pass metabolism and it is not detected in bloodstream,was the analyte recovered at the highest residue level
being only the sulphone (at higher concentrations) and the (0.18 mgmt 1) obtained at 12 h post-administration. Milk
sulphoxide metabolites found in plasma after ABZ admin- residual concentrations markedly decreased at the second
istration to calved5]. However, after both FBZ or OFZ  milking, and ABZSO continued being the highest milk
oral administration, slower metabolic processes have beenresidue.
described[24], with the sulphide parent drug besides the The differences between milk residue levels of ABZ-
metabolites detected in plasma, and as a consequence, inelated compounds found after oral and SC administrations

milk. were similar to those described for OFZ administered by oral
Milk residues after ABZ administration to lactat- and the SC routes. Similarly, the total drug residues in milk
ing dairy cows have been previously describfd]. after SC administrationF{g. 5b) were lower than those ob-

Similar to the results obtained in the current experi- tained after the oral administration. Poor drug absorption in
mental work, the highest residue level corresponded to the gastrointestinal tract and the low water solubility are im-
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portant limitations for BZD formulation, bioavailability and  anthelmintic compounds in dairy cattle reported here is useful
efficacy. The oral/intraruminal administrations of BZD an- to establish suitable withdrawal times to ensure the quality
thelmintics formulated as aqueous suspensions have been thef milk-derived products from treated animals, which con-
most commonly used in ruminants. Drug absorption in the tribute to the safety of the consumers. The comparison of
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