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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
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: oxfendazole (OFZ) by oral route (5 mg kg); Group 2: albendazole (ABZ) by oral route (5 mg kg); Group 3: albendazole sulphoxi
ABZSO) by SC administration (3 mg kg−1); Group 4: OFZ by SC route (3 mg kg−1). After drug administrations milk samples were collec
nd frozen at−20◦C until analyzed by liquid chromatography (LC). A complete validation of the analytical methodology was accom
egression curves were linear over the concentrations examined and the correlation coefficients (r) ranged between 0.994 and 0.999.
ean extraction recovery range between 77 and 97%. Residual concentrations of OFZ, fenbendazole sulphone (FBZSO2) and FBZ were

ecovered in milk after OFZ oral administration. OFZ reached the highest concentration in milk (0.39± 0.10�g ml−1) at 12 h post-treatmen
eing detected up to 72 h post-treatment. In contrast, FBZ was not detected in cow milk and FBZSO2 was the main analyte recovered fr

he milk with the maximum milk residues (0.042± 0.003�g ml−1) achieved at after 36 h following the SC injection of OFZ. ABZSO
BZSO2 were the metabolites recovered in milk following oral (ABZ) and SC (ABZSO) treatments in dairy cows. ABZSO2 was the analyt

ecovered at the highest residual concentration (0.86± 0.33�g ml−1) at 12 h after oral administration of ABZ. However, ABZSO was
ain compound measured in cow milk following its SC injection (0.18�g ml−1) at 12 h post-treatment. Overall, the total milk residue le

sum of parent drug and metabolites) were higher after oral compared to parenteral treatments in dairy cows. These results repo
iscussed 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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. Introduction

It has been shown that cattle may develop protective
mmunity against parasites in the first or the second graz-
ng seasons. However, adult cows can still be infected with
everal gastrointestinal (GI) nematodes[1]. These infec-
ions are normally sub-clinical but they have been asso-
iated with decreased levels of milk production[2]. In
ddition to this, several reports have demonstrated that

∗ Corresponding author. Tel.: +54 2293426667.
E-mail address:lmoreno@vet.unicen.edu.ar (L. Moreno).

treatment of infected dairy cows can advantageously
fluence milk production. Enhancement of milk prod
tion of ≈0.35–0.63 kg day−1 after anthelmintic treatme
of naturally infected lactating dairy cows has been sh
[3,4].

Anthelmintic drugs are widely used in veterinary medic
for prevention and treatment of animals mainly aga
gastrointestinal nematodes and lungworms. Benzimida
(BZD) compounds currently marketed as broad-spectrum
thelmintics for use in ruminants, include albendazole (AB
albendazole sulphoxide (ABZSO), fenbendazole (FBZ),
oxfendazole (OFZ). It is well known that BZD anthelmint

003-2670/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.aca.2004.12.069
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Fig. 1. Chemical structures of the benzimidazole compounds assayed in the current work: (a) albendazole (ABZ) and its metabolites, albendazole sulphoxide
(ABZSO) and albendazole sulphone (ABZSO2); (b) fenbendazole (FBZ) and its metabolites, oxfendazole (OFZ) and fenbendazole sulphone (FBZSO2).

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 (ABZSO2) (inactive) metabolites are the
main molecules recovered in plasma of sheep and cattle af-
ter treatment with ABZ parent drug (Fig. 1a). On the other
hand, after FBZ administration to sheep and cattle, in ad-
dition to the sulphoxide (OFZ) (active) and the sulphone
(FBZSO2) (inactive) metabolites, FBZ parent drug was re-
covered from plasma[7,8] (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 species[9]. Currently BZD compounds can be used
in dairy animals but required withdrawal times after treat-
ment must be respected to avoid residual concentration above
the defined maximum residues (MRL). MRLs for BZD an-

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 administration[12]. 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.

The goals of the work reported here were: (1) To develop
and validate an alternative analytical method to quantify
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residual concentrations of BZD-related molecules in bovine
milk. (2) To apply the developed methodology to compare the
milk residual concentrations following oral (OFZ and ABZ)
and parenteral (OFZ and ABZSO) administrations of BZD
methylcarbamate anthelmintics at therapeutic dose rates to
lactating dairy cows.

2. Experimental

2.1. Animal trial

Twenty-four healthy Holstein cows, during the second lac-
tation period, with an average body weight of 583± 25 kg
were used in this experiment. The cows were kept on pas-
ture over the duration of the study. Animals were ran-
domly allocated in four groups of six and were treated
as follows—Group 1: animals received oxfendazole (OFZ)
(aqueous suspension) by the oral route (5 mg kg−1); Group
2: cows received albendazole (ABZ) (aqueous suspension)
by the oral route (5 mg kg−1); Group 3: animals were treated
with albendazole sulphoxide (ABZSO) (aqueous injectable
solution) by SC administration (3 mg kg−1); Group 4: ani-
mals were treated with OFZ (aqueous solution) given by the
SC route (3 mg kg−1). The anthelmintic doses were calcu-
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2.3. Milk samples analysis

2.3.1. Drug extraction
Milk samples (0.5 ml) containing FBZ, OFZ, FBZSO2 or

ABZ, ABZSO, ABZSO2 were placed into a 5 ml plastic tube
and spiked with the IS (1�g ml−1). Drug molecules were
extracted from milk by addition of 0.5 ml acetonitrile under
a high speed vortexing shaker (Multi-tube Vortexer, VWR
Scientific Products, West Chester, PA, USA). After centrifu-
gation (BR 4i Centrifuge, Jouan®, Saint Herblain, France) at
2000× g for 15 min at 10◦C to allow phase separation, the
clear supernatant was transferred to a 10 ml plastic tube, and
then 6 ml of pure water were added. The mixture was vor-
texed for 5 s and transferred to C18 cartridges (100 mg, 1 ml,
Lichrolut®, Merck, Darmstadt, Germany) using a manifold
vacuum (Baker spe-24G, Phillipsburg, USA). The cartridges
were previously conditioned with 0.5 ml of methanol, fol-
lowed by 0.5 ml of water. All samples were applied and then
sequentially washed with 0.5 ml of water, dried with air for
1 min and eluted with 2 ml of methanol. The eluted volume
was evaporated (40◦C) to dryness in a vacuum concentra-
tor (Speed-Vac®, Savant, Los Angeles, CA, USA), and then
reconstituted with 300�l of mobile phase.

2.3.2. LC conditions
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ated individually according to body weight. The cows w
ilked twice a day using milking machine. Milk samp

ollected before treatments were used as blank contro
evelopment of the analytical method. Milk samples (app

mately 50 ml) were collected at the morning and aftern
ilkings over 5 days after drug administration. The sam
ere well homogenized, aliquoted for analysis into pla

ubes and frozen at−20◦C until analyzed by liquid chro
atography (LC).

.2. Materials and reagents

Pure reference standards of FBZ, OFZ, FBZSO2 (Rhone
erieux, Lyon, France), ABZ, ABZSO, ABZSO2, and the in

ernal standard (IS) oxibendazole (OBZ) (Schering Plo
enilworth, USA) were used for the validation of the ana

cal methodology. Acetonitrile and methanol solvents u
uring the extraction and drug analysis were HPLC g
nd purchased from Sintorgan® S.A. (Buenos Aires, Ar
entina). Ammonium acetate (HPLC grade) was from M
Haar, Germany). Water was double distilled and deion
sing a water purification system (Simplicity®, Millipore,
ao Paulo, Brazil). The following commercially availa

ormulations were used in the current experiments: (1)
uspension for oral administration (Vermox®, 50 mg ml−1,
ver, Argentina); (2) OFZ injectable solution (Endove®,
50 mg ml−1, Novartis, Argentina); (3) ABZ micronized su
ension for oral administration (Valbazen®, 100 mg ml−1,
fizer, Argentina); (4) ABZSO injectable solution (Bayve
.I.®, 150 mg ml−1, Bayer, Argentina).
Experimental and fortified milk samples were analy
or FBZ, OFZ, FBZSO2 and ABZ, ABZSO, ABZSO2 by
C. Fifty microliters of each sample were injected in a S
adzu Chromatography system (Shimadzu Corporation
to, Japan), with two LC-10AS solvent pumps, an autom
ample injector (SIL-10A), an ultraviolet visible spectrop
ometric detector (UV) (SPD-10A), a column oven (Epp
orf TC-45, Eppendorf, Madison, WI, USA) set at 30◦C, and
CBM-10A data integrator. Data and chromatograms

ollected and analyzed using the Class LC10 software (S
0A, Shimadzu Corporation, Kyoto, Japan). A C18 reversed
hase column (Luna®, Phenomenex, Torrance, CA, US
f 250 mm× 4.6 mm with 5�m particle size was used f
eparation. The method used was adapted from a proc
reviously developed in our lab[17]. Elution from the sta

ionary phase was carried out at a flow rate of 1.2 ml m−1

sing acetonitrile and ammonium acetate buffer (0.02
H 6.6) as the mobile phase. The gradient changed lin

rom 30:70 (acetonitrile:ammonium acetate buffer) to 50
n 5 min, then maintained for 8 min and modified to 30:7
min, in which was maintained over 3 min. The detectio
rugs/metabolites was done at a wavelength of 292 nm

.3.3. Validation procedure
A complete validation of the analytical procedures

he extraction and quantification of the BZD anthelmi
esidues in milk was performed before the analysis
he experimental samples. Stock and working solution
wo different mix of standards FBZ + OFZ + FBZSO2 and
BZ + ABZSO + ABZSO2 in methanol were prepared. T

inearity of the method was tested after elaboration of ana
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cal calibration curves for each compound in milk. Blank milk
samples were fortified with each analyte in a range between
0.01 and 2 mg ml−1, plus the IS (1�g ml−1). The analytical
calibration curves for each parent drug and its metabolites in
milk were obtained using the linear least squares regression
procedure, using therun testand ANOVA to determine if the
data differed from a straight line. The extraction efficiency of
the six analytes was determined by comparison of the peak
areas from fortified blank milk samples (0.1, 0.5, 1 mg ml−1,
n= 5) with the peak areas resulting from direct injections of
equivalent quantities of standards in mobile phase. Precision
and accuracy (intra- and inter-assay) of the method were de-
termined by evaluation of replicates of drug-free milk (n= 5)
with each compound at three different concentrations (0.1,
0.5, 1 mg ml−1). Precision was expressed as coefficient of
variation (%CV). The accuracy of a measurement is defined
as the closeness of the measured value to the true value. Ac-
curacy of the method was defined by the differences between
measured and nominal concentration obtained by intra- and
inter-day assays (5 consecutive working days), and expressed
as the relative error (%RE). The theoretical limit of detec-
tion (LOD) was estimated integrating the baseline noise of
the system in the area covering the mean retention time of

each compound in blank milk samples (n= 5) spiked with
IS. The theoretical LOD was defined as the mean baseline
noise/IS peak area ratio plus three standard deviations (SD).
The limit of quantification (LOQ) was calculated as the lowest
drug concentration (n= 5) on the standard curve that could be
quantitated with precision not exceeding 20% and accuracy
within 20% of nominal.

3. Results and discussion

The analytical procedures, including chemical extraction
and LC analysis of BZD anthelmintics in cow milk were
validated appropriately. Representative chromatograms are
shown inFig. 2. Those chromatograms were obtained after
the analysis of milk blank samples spiked with either the IS
alone (Fig. 2a), OFZ, FBZSO2 and FBZ at a concentration
of 0.5 mg ml−1 (Fig. 2b) or ABZSO, ABZSO2 and ABZ at
the same concentration (0.5 mg ml−1) (Fig. 2c). No major
endogenous chromatographic peaks, which could interfere
with the resolution of drugs were observed. Peaks of interest
were well separated from other sample components and also
from neighboring peaks; besides, good peak shape was ob-

F
s
s
(

ig. 2. Chromatographic separation of fenbendazole (FBZ), oxfendazole
ulphoxide (ABZSO) and albendazole sulphone (ABZSO2) in cow milk samples
tandard (IS): oxibendazole (OBZ); (b) fenbendazole (FBZ), oxfendazole (O
ABZ), albendazole sulphoxide (ABZSO) and albendazole sulphone (ABZSO2) (0
(OFZ), fenbendazole sulphone (FBZSO2) and albendazole (ABZ), albendazole
. Chromatograms include blank milk samples spiked with: (a) the internal

FZ), fenbendazole sulphone (FBZSO2) (0.5�g ml−1) plus the IS; (c) albendazole
.5�g ml−1) plus the IS.
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Table 1
Analytical recovery (range and CV) (n= 5), limit of detection (LOD) (n= 5), limit of quantification (LOQ) (n= 5) and linearity (n= 3) of the methodology
developed to measure fenbendazole (FBZ), oxfendazole (OFZ), fenbendazole sulphone (FBZSO2), albendazole (ABZ), albendazole sulphoxide (ABZSO) and
albendazole sulphone (ABZSO2) in bovine milk

Drug compounds Recovery (%) LOD (�g ml−1) LOQ (�g ml−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
FBZSO2 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
ABZSO2 81–97 (8.9) 0.009 0.025 0.994

tained for the compound under analysis. Under the described
chromatographic conditions, the retention times (min) were
4.9 (ABZSO), 6.6 (OFZ), 7.1 (ABZSO2), 8.8 (FBZSO2), 9.7
(OBZ), 11.8 (ABZ), and 15.2 (FBZ). The results of the com-
plete validation of the analytical methodology are summa-
rized inTables 1 and 2. The regression analyses were linear
over the concentrations examined and the correlation coeffi-
cients (r) of the calibration curves ranged between 0.994 and
0.999. The mean extraction recovery values obtained for the
milk samples spiked separately with a mixture of FBZ and
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 ml of acetonitrile combined with solid phase extraction.
The analysis of low (0.1 mg ml−1), middle (0.5 mg ml−1),
and high (1 mg ml−1) 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
by the low CV (≤16%) and RE (from−15.0 to 23%). The
LOD values in milk were between 0.004 and 0.026 mg ml−1.
LOQ values shown inTable 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
milk.
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are shown inFig. 3b. In contrast to the oral administra-
tion of OFZ, FBZ was not detected in cow milk. FBZSO2
was not quantified in the milk from the first-milking. How-
ever, this molecule was the main analyte recovered from
the milk of OFZ treated cows by the SC route, reaching
the maximum milk residue level (0.042± 0.003 mg ml−1) af-
ter 36 h post-administration. The highest OFZ milk residue
(0.03± 0.01 mg ml−1) was measured at the first milking fol-
lowed by a fast disposition which only allowed its measure-
ment in milk up to 48–60 h post-treatment.

Fig. 3. Milk concentration profiles (mean± S.D.) (n= 6) of oxfendazole
(OFZ), fenbendazole sulphone (FBZSO2) and fenbendazole (FBZ) mea-
sured after oral (5 mg kg−1) (a) and subcutaneous (3 mg kg−1) (b) adminis-
tration of OFZ to dairy cows.* Peak detected under the limit of quantification
(LOQ).
The validated method was successfully applied to q
ify anthelmintic drug residues in milk from cows trea
ith different BZD formulations administered by t
ral and SC routes. Milk residual concentration pro
mean± S.D.) of OFZ, FBZSO2 and FBZ after OFZ admin
stration by the oral route (5 mg kg−1) are shown inFig. 3a.
FZ was the analyte that reached the highest conce

ion in milk, with the maximum measured concentra
0.39± 0.10 mg ml−1) at 12 h after dosing, being detec
ntil 72 h post-treatment. FBZSO2 reached its maximum co
entration at 36 h (0.17± 0.04 mg ml−1) after administratio
nd it was measured in milk up to 72 h post-treatment.

owest drug concentration corresponded to FBZ, the thio
ompound produced by ruminal sulphoreduction of O
18]. This compound attained its highest level at 24 h p
reatment (0.10± 0.02 mg ml−1), being detectable in milk u
o 48 h post-treatment.

OFZ and FBZSO2 milk residual concentrations obtain
fter OFZ administration by the SC route at 3 mg k−1
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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 study14C-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 24–36 h post-treatment at a mean to-
tal residue level of 0.53± 0.11�g FBZ equivalents ml−1 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 (0.32± 0.05 mg ml−1), followed by
feed top dressing (0.26± 0.16 mg ml−1) and oral drench
(0.16± 0.06 mg ml−1) [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
at 24–36 h, and declined gradually[16]. Although OFZ (a
FBZ-related anthelmintic) was the drug administered by the
oral route in the present study, milk residue profiles showed
a similar trend to that found after FBZ administration in
dairy cattle. The highest residue level corresponded to OFZ,
followed by the sulphone metabolite, which is consistent
with the results obtained after FBZ treatment[13]. FBZ was
the analyte recovered at the lowest concentration. The main
d om-
p inis-
t entra-
t ated
c lk af-
t nt
w e
f
h
a ,
p ula-
t

at-
m ox-
i ,
O y the
r t
a oin-
t nce
f the
t the
s ay
h gas-
t may
a id-
u t of
O

,
m e
m ed in
m and
ifference obtained in the present experimental work c
ared to previous reports (where FBZ was orally adm

ered at the same dose) was related to the higher conc
ions of all the analytes measured in the milk of OFZ tre
ows. As a consequence, the total residue peak in mi
er OFZ oral administration (Fig. 5a) at 24 h post-treatme
as also higher (0.61± 0.14 mg ml−1) being the doubl

rom that reported in this previous work[13]. However, a
igher value of total residue peak (0.53± 0.11 mg ml−1) has
lso been reported[19] after oral administration of FBZ
robably due to a difference in the administered form

ion.
The FBZ sulphide was detected in milk after oral tre

ent with OFZ. Reductive metabolism of BZD sulph
de can occur in the gastrointestinal tract[20]. Therefore
FZ can be reduced back to its respective thioether b

uminal and intestinal microflora[18,20,21] and may ac
s a source of FBZ in the digestive tract. This gastr

estinal metabolic reduction may be of primary importa
or the antiparasitic efficacy of BZD thioethers. Since
hioethers have a greater affinity for parasite tubulin than
ulphoxides[22,23], this bacteria-mediated reduction m
ave a significant importance for the efficacy against

rointestinal parasites. This metabolic sulphoreduction
lso account for the detection of FBZ in milk at res
al concentrations for up to 48 h after oral treatmen
FZ.
After ABZ oral administration (5 mg kg−1) to dairy cows

ilk residues of both ABZSO and ABZSO2 metabolites wer
easured, meanwhile ABZ parent drug was not detect
ilk (Fig. 4a). Milk residues were measured at first
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Fig. 4. Milk residual concentration profiles (mean± S.D.) (n= 6) of alben-
dazole sulphoxide (ABZSO) and albendazole sulphone (ABZSO2) measured
after oral administration of ABZ (5 mg kg−1) (a) and subcutaneous adminis-
tration of ABZSO (3 mg kg−1) (b) to dairy cows.* Residual concentrations
not detected.

second milking, with maximum concentrations of ABZSO
(0.28± 0.11 mg ml−1) and ABZSO2 (0.86± 0.33 mg ml−1)
detected at 12 h post-treatment. These residual concentra-
tions decreased markedly at the time of the second milk-
ing post-treatment (24 h). Besides, ABZSO2 milk concentra-
tions were lower than those measured for ABZSO. There-
fore, the milk residue profile after ABZ oral administra-
tion was different to that found after OFZ oral treatment.
These results are consistent with the faster metabolism of
ABZ parent drug compared to FBZ[5]. It suffers a rapid
first-pass metabolism and it is not detected in bloodstream,
being only the sulphone (at higher concentrations) and the
sulphoxide metabolites found in plasma after ABZ admin-
istration to calves[5]. However, after both FBZ or OFZ
oral administration, slower metabolic processes have been
described[24], with the sulphide parent drug besides the
metabolites detected in plasma, and as a consequence, in
milk.

Milk residues after ABZ administration to lactat-
ing dairy cows have been previously described[14].
Similar to the results obtained in the current experi-
mental work, the highest residue level corresponded to

Fig. 5. Comparison of the total residual levels measured in milk following:
oral (5 mg kg−1) and parenteral (3 mg kg−1) treatments with oxfendazole
(OFZ) (a) and oral treatment (5 mg kg−1) with albendazole (ABZ) and par-
enteral treatment (3 mg kg−1) with albendazole sulphoxide (ABZSO) (b) in
dairy cows. Values express the sum of the analytes recovered in milk: OFZ,
FBZSO2 and FBZ in panel (a) and ABZSO and ABZSO2 in 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,
2393/1999 and 807/2001; nd** : residue concentrations not detected.

ABZSO2, however, this metabolite was measured for a
longer period of detection, probably due to the higher
dose administered. ABZSO and ABZSO2 milk residues
were also found in milk after subcutaneous injection of
ABZSO at 3 mg kg−1 (Fig. 4b). The milk residue lev-
els of ABZSO and ABZSO2 were lower than those ob-
tained after the oral administration of ABZ. ABZSO
was the analyte recovered at the highest residue level
(0.18 mg ml−1) obtained at 12 h post-administration. Milk
residual concentrations markedly decreased at the second
milking, and ABZSO continued being the highest milk
residue.

The differences between milk residue levels of ABZ-
related compounds found after oral and SC administrations
were similar to those described for OFZ administered by oral
and the SC routes. Similarly, the total drug residues in milk
after SC administration (Fig. 5b) were lower than those ob-
tained after the oral administration. Poor drug absorption in
the gastrointestinal tract and the low water solubility are im-
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portant limitations for BZD formulation, bioavailability and
efficacy. The oral/intraruminal administrations of BZD an-
thelmintics formulated as aqueous suspensions have been the
most commonly used in ruminants. Drug absorption in the
digestive tract depends on lipid solubility and degree of ion-
ization at the different pH levels[25]. Additionally, disso-
lution of drug particles is a crucial step that precedes the
gastrointestinal absorption of a drug formulated as a sus-
pension[26]. BZD aqueous solubility is markedly higher at
low pH values[12], therefore, the dissolution of BZD par-
ticles given as drug suspension is greater at the acid abo-
masal pH. From this point of view, the greater hydrosolubil-
ity of ABZSO compared with ABZ, was the starting point
in the search of a pharmacotechnical strategy to achieve a
stable aqueous solution of ABZSO for injectable adminis-
tration to cattle[25]. Effectively, a more complete and rapid
absorption of the soluble drug from the site of injection ac-
counts for the greater plasma availability obtained following
SC injection of ABZSO compared with the GI absorption of
ABZ administered at the same dose as an oral suspension
to calves[25]. Additionally, BZD anthelmintic drugs suffer
an important presystemic first-pass effect after their enteral
administration to ruminants, and lower concentrations of the
parent drug/metabolites in plasma, and consequently lower
milk concentrations could be expected after the oral com-
p total
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anthelmintic compounds in dairy cattle reported here is useful
to establish suitable withdrawal times to ensure the quality
of milk-derived products from treated animals, which con-
tribute to the safety of the consumers. The comparison of
the milk residue excretion patterns after BZD anthelmintic
administered by oral and parenteral routes in dairy cattle
contribute to the available knowledge on the subject. This
is practically relevant and useful for the BZD parenteral for-
mulations now available in some countries for use in cat-
tle.
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Tecnoĺogica (PICT 08-07277) (Argentina), Universidad Na-
cional del Centro de la Pcia de Buenos Aires (Argentina) and
CONICET (Argentina).

References

aasen-

3

86)

1985)

ni-

[ e of
Drug

[ om-
and

[
[
[ cta

[ Y.

[ and,

[ rm.

[ her.

[
[ 992)

[ har-
ared with the parenteral administration. However, the
ilk residue levels (Fig. 5a and b) obtained following the or
dministration of OFZ or ABZ tend to be higher than th
btained following SC administration of OFZ or ABZSO,
pectively, at the recommended doses. This differential
xcretion pattern may also be related to the higher doses
y the oral (5 mg kg−1) compared to the SC (3 mg kg−1) route
f administration.

Different MRLs for anthelmintic drugs have been se
everal regulatory agencies. In the United States, for fen
azole a tolerance level of 0.6�g ml−1 (OFZ marker residue

n bovine milk has been established by the food and dru
inistration (FDA)[10]. The residual concentration profi
easured in cow milk after OFZ administration by both
ral and subcutaneous routes were below the FDA subj
RL values. Following these results a withdrawal time
ilk consumption after OFZ treatment may not be requ
here is no data available about ABZ tolerance level in
y the FDA. On the other hand, the European Union ha
RLs in cow milk for OFZ (as sum of extractable resid

hat may be oxidized to FBZSO2) of 0.01�g ml−1, and for
BZ or ABZSO (as sum of all metabolites) of 0.1�g ml−1

11]. According to this, our results confirmed the appro
teness of currently prescribed withdrawal times for bo
ilk (3 days for ABZ and ABZSO and 5 days for OFZ) af

he oral or SC administrations of the commercially availa
ormulations used in the present study. Overall, the wor
orted here provides useful information of the applica
f an alternative analytical methodology to quantify B
esidual concentrations in milk from treated cows. The c
cterization of the milk residue disposition of BZD-rela
[1] F. Borgsteede, J. Tibben, J. Cornelissen, J. Agneessens, C. G
beek, Vet. Parasitol. 89 (2000) 287.

[2] J. Vercruysse, E. Claerebout, Vet. Parasitol. 98 (2001) 195.
[3] S. Gross, W. Ryan, H. Ploeger, Vet. Rec. 144 (1999) 581.
[4] J. Sanchez, I. Dohoo, J. Carrier, L. DesCôteaux, Prev. Vet. Med. 6
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