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ABSTRACT

Swarnkar, C.P., Sanyal, P.K., Singh, D., Khan, F.A. and Bhagwan, P.S.K., 1998 Comparative disposition
kinetics of albendazole in sheep following oral and intraruminal administration. Veterinary Research
Communications, 22(8), 545^551

The pharmacokinetics of albendazole was studied in sheep following single oral and intraruminal
administration at nematocidal dose rates. The disposition curves of its metabolites indicated increased
uptake of the drug in sheep following intraruminal as compared to oral dosing (p50.05). The increased
bioavailability of benzimidazole anthelmintics given by the intraruminal route could be exploited for
optimizing the use of anthelmintic for sustained parasite control in small ruminants.
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Abbreviations: ABZ, albendazole; ABZ-SO, albendazole sulphoxide; ABZ-SO2, albendazole sulphone;
AUC, area under concentration^time curve; BZ, benzimidazoles; Cmax, concentration maximum of
ABZ metabolites in plasma; DMSO, dimethyl sulphoxide; ETH-OFZ, ethyl oxfendazole; FBZ,
fenbendazole; HPLC, high-performance liquid chromatography; MRT, mean residence time; t1

2
,

elimination half-life; Tmax, time to reach Cmax

INTRODUCTION

Albendzole (ABZ; methyl [5-(propylthio)-1H-benzimidazol-2-yl] carbamate), a
member of the benzimidazole group of anthelmintics, is highly e¡ective against all
stages of gastrointestinal nematodes including lungworms, cestodes and adult liver
£ukes in cattle, sheep and goats at di¡erent dose rates (Theodorides et al., 1976).
Because of its aliphatic side-chain, ABZ is more quickly metabolized in the liver
following absorption than are other sulphide benzimidazoles (Hennessy et al., 1989)
and its two metabolites, the sulphoxide (ABZ-SO) and the sulphone (ABZ-SO2),
appear in the vascular compartment. Orally administered BZ drugs are best deposited
in the rumen so that they adsorb on to particulate digesta in the sheep rumen and
slowly dissociate into the liquid phase of the digesta (Hennessy et al., 1994), resulting in
increased systemic availability of the drug and its metabolites compared to other non-
BZ anthelmintics. Oesophageal groove closure has been incriminated as the cause of
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reduced anthelmintic uptake in ruminants because ruminal by-pass results in faster
absorption and elimination of the drug and of its metabolites (Hennessy, 1993).

The present study re-examined the e¡ect of oesophageal groove closure by
comparing the plasma pro¢les of ABZ metabolites and anthelmintic uptake in sheep
following oral and intraruminal administration of ABZ.

MATERIALS AND METHODS

Experimental animals

Eleven weaner sheep, aged 3^4 months and weighing 10.5^18.0 kg, were housed in
individual pens and fed on Cenchrus ciliaris hay and water ad libitum, supplemented
with 200 g of concentrate daily. All the animals were treated with tetramisole, a non-
benzimidazole anthelmintic, at 15.0 mg/kg weight. Their worm-free status was
con¢rmed by repeated faecal examination. After a washout period of 15 days following
tetramisole administration, 6 and 5 animals were dosed with pure ABZ (Smith Kline
Beecham India Ltd, Bangalore) at 5.0 mg/kg body weight by the oral and intraruminal
routes, respectively.

Samples

Whole blood was collected into heparinized vials (Vacutainer, Becton Dickinson Inc.)
by jugular venepuncture at 0, 2, 4, 6, 8, 10, 12, 18, 24, 30, 36, 48 and 72 h after dosing.
The plasma was separated immediately by centrifugation and stored at ^208C until
analysis by HPLC.

HPLC analysis

Following solid-phase extraction of the plasma samples spiked with 5 mg ethyl
oxfendazole (ETH-OFZ) internal standard through C18 Sep-pak cartridge (Hennessy
et al., 1985), they were analysed for ABZ metabolites by reversed-phase HPLC (System
Gold, Beckman Instruments Inc., San Ramon, CA, USA) in the isocratic mode using
33% acetonitrile in 0.025 mol/L sodium acetate as the mobile phase (Sanyal, 1997).
Identi¢cation of the metabolites in plasma was done by comparison with the retention
times of reference standards. The absolute recovery rate was 97%, the precision of the
extraction procedure and chromatography being evaluated by processing replicates on
di¡erent days of pooled plasma aliquots containing known amounts of ABS-SO and
ABZ-SO2.
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Preparation of the standard curve

Calibration curves were prepared over ¢ve di¡erent ranges of ABS-SO and ABZ-SO2

by spiking blank plasma samples with 0.125, 0.25, 0.5 and 1.0 mg/5 ml of pure ABS-SO
and ABZ-SO2 (external standards) and 0.5 mg/ml of ETH-OFZ (internal standard)
followed by solid-phase extraction and HPLC (Sanyal, 1997). The concentrations of
each component in the plasma extracts were determined by comparing the detector
response for each component in the sample with the corresponding peak in the
standard mixture. Least-squares regression analysis was used to determine the slope,
intercept and correlation coe¤cient for each compound in the concentration range
tested. The limit of detection was found to be 0.03 mg/ml for both metabolites.

Kinetic and statistical analysis

The Cmax, Tmax, AUC and t1
2
for ABS-SO and ABZ-SO2 were determined using the

nonlinear modelling program Pharmkit, which ¢tted the concentration-versus-time
pro¢les to a ¢rst-order input and output, two-compartment model (Sanyal, 1994).
Mean values were compared for signi¢cance using the nonparametric Mann^Whitney
test (GraphPad Prism Software, 1994; GraphPad Software Inc., USA).

RESULTS

Under the described chromatographic conditions, ABS-SO, ABZ-SO2 and ETH-OFZ
were well resolved, with no interference from endogenous compounds and with
retention times of 4.14+0.01, 5.89+0.01 and 8.16+0.02 min, respectively.
Disposition pro¢les for the ABZ metabolites in plasma and their pharmacokinetic
parameters are presented in Figure 1 and Table I, respectively.

Time scale analysis of the data revealed signi¢cantly higher plasma concentrations
of ABS-SO (p50.05) 2^8 h after oral administration (0.26+0.08 to 1.93+0.26 mg/ml)
than after intraruminal administration (0.10+0.15 to 1.34+0.17 mg/ml). ABZ-SO2

appeared more slowly in the plasma and never reached such high plasma concentra-
tions as ABS-SO. No time di¡erence was observed for ABZ-SO2 when the two groups
were compared. Though the plasma Cmax reached by ABZ-SO2 given by intraruminal
route was signi¢cantly higher (p50.05) than that obtained by oral route, the Cmax of
ABS-SO was not signi¢cantly di¡erent between the two groups. Conversely, Tmax of
ABS-SO was attained signi¢cantly later (p50.05) following intraruminal administra-
tion, resulting in an increased AUC (p50.05) for both metabolites in the intraruminal
group compared to the oral group (Table I). The t1

2 a
of ABS-SO was signi¢cantly

shorter (p50.05) for the oral group, but no di¡erence was observed in t1
2b
or MRT of

the two metabolites for the two routes of administration (Table I).
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Figure 1. Plasma concentrations (mean+SD) of albendazole sulphoxide (ABZ-SO) and
albendazole sulphone (ABZ-SO2) in sheep following oral or intraruminal (IR) administration
of a single therapeutic dose of albendazole at 5.0 mg/kg body weight

TABLE I
Pharmacokinetic analysis (mean+SD) of albendazole sulphoxide (ABZ-SO) and albendazole
sulphone (ABZ-SO2) in the plasma of sheep following oral or intraruminal administration of a
single dose of albendazole at 5.0 mg/kg body weight

ABS-SO ABZ-SO2
Parameters* Oral Intraruminal Oral Intraruminal

Cmax (mg/ml) 2.03+0.61 2.29+0.38 0.42+0.12a 0.67+0.16b

Tmax (h) 8.33+0.82a 14.00+3.74b 15.00+9.53 19.20+2.68
AUC (mg h/ml) 32.74+5.24a 44.63+6.03b 10.50+2.69a 14.09+2.47b

t1
2a

(h) 4.54+0.40a 5.61+0.45b 7.08+2.56 8.19+1.05
t1
2b

(h) 6.81+1.20 7.15+1.10 10.55+1.34 10.19+1.15
MRT (h) 18.09+0.83 17.89+1.37 25.26+2.90 23.48+2.52

*Cmax, concentration maximum;Tmax, time to reach Cmax; AUC, area under concentration^time curve; t1
2a
,

absorption half life; t1
2b
, elimination half-life; MRT, mean residence time

a,bMean values in each metabolite with di¡erent superscripts represent signi¢cant di¡erences (p50.05)
between the routes of administration
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DISCUSSION

Unlike triclabendazole (Sanyal, 1994), ABZ metabolites could be completely extracted
from plasma without pretreatment with an organic solvent, possibly because they bind
only weakly with plasma proteins. The absence of any of the parent ABZ in jugular
plasma indicates that it was removed from the portal blood by the liver to beyond the
detectable limit. ABZ appeared to be oxidized by the liver to form the sulphoxide and
sulphone metabolites in a similar manner to other sulphide BZs (Sanyal, 1994; Sanyal
and Ghodke, 1996). The process of sulphoxidation of ABZ seems to be very rapid, as
evidenced by the early appearance of the sulphoxide metabolite in the peripheral
circulation as compared to that of FBZ (Sanyal and Ghodke, 1996). Hennessy and
colleagues (1989) attributed this to the presence of an aliphatic side-chain in ABZ in
place of an aromatic chain in FBZ. Rapid metabolism and excretion of aliphatic-
substituted BZs like ABZ (Gyurik et al., 1981) could explain the appearance of
substantially higher plasma concentrations of the two metabolites of ABZ, with a less
protracted concentration^time curve than for FBZ, when similar administration routes
are employed (Sanyal and Ghodke, 1996).

Interest focuses on the sulphoxide metabolite since, as with other sulphide
benzimidazoles, this is the component with potent nematocidal activity (Hennessy et
al., 1989). The comparatively low plasma concentrations of ABZ-SO2 might be due to
rapid and extensive urinary excretion of ABS-SO prior to further oxidation, since the
latter constitutes the major urinary metabolite in sheep (Gyurik et al., 1981). The
signi¢cantly higher AUC (which re£ects the amount of drug available for absorption),
Tmax and t1

2a
of ABS-SO andCmax and AUC of ABZ-SO2 suggest a higher anthelmintic

uptake in the sheep dosed by the intraruminal route. However, the absence of
signi¢cant di¡erences in t1

2b
and MRT for the two metabolites suggests that the

clearance of ABZ metabolites was similar for both the routes.
Sangster and colleagues (1993) demonstrated that oral administration of

anthelmintics in small ruminants stimulated the closure of the oesophageal groove,
leading to diversion of the drug to the abomasum and resulting in its faster overall rate
of absorption and elimination. Signi¢cantly higher Cmax, Tmax, AUC and t1

2a
of ABZ

metabolites after intraruminal injection of ABZ was possibly due to a longer residence
time of the drug in the gastrointestinal tract following its dissociation from dietary
¢bres in the rumen and slow release from the rumen reservoir, as observed by Prichard
and colleagues (1978) following intraruminal administration of FBZ.

The e¤cacy and spectrum of activity of BZ compounds are mainly determined by
the time for which the parasites are exposed to a toxic concentration (Prichard et al.,
1978). Hennessy (1994) proposed that the concentration of a metabolite of a BZ
compound in the appropriate compartment that is midway between zero and the
maximum concentration achieved after administering a therapeutic dose may be
regarded as the minimum toxic level for the parasite and that, for optimum results,
this concentration should be maintained for as long as possible. The present study
indicated that the midpoint for the pharmacologically active metabolite ABS-SO in the
circulatory compartment was about 1.0 mg/ml and the period of exposure to this
concentration would be about 14 and 19 h by the oral and the intraruminal routes,
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respectively (Figure 2). The parasites will thus be exposed to sublethal concentrations
of ABS-SO (metabolite tail) for a longer period of time by the oral route (around 53 h)
as against around 46 h by intraruminal route (Figure 2). As the time of exposure of
parasites to the toxic concentration of the anthelmintic metabolite is prolonged, it may
be assumed that intraruminal delivery of the drug will improve the e¤cacy of ABZ
against resistant parasite strains as compared to the oral route (Prichard et al., 1978).
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Figure 2. Period of exposure of the parasites to the proposed toxic concentrations of
albendazole sulphoxide (ABZ-SO) in the vascular compartment of sheep following oral and
intraruminal administration of a single therapeutic dose of albendazole at 5.0 mg/kg body
weight
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