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Pharmacokinetics of levamisole in sheep after intravenous administration

M. Fernandez’, J.J. Garcia’, M. Sierra’, M.J. Diez" and M.T. Teran"*

Abstract

The pharmacokinetics of levamisole at doses of 5, 7.5 and 10 mg/kg were determined after its intravenous administration to
eighteen healthy Merino sheep. Using compartmental analysis, the disposition of the drug best fitted a two-compartmental open
model. The mean values for the compartmental volume of distribution at steady state (V ) were 2.034 £0.231, 2.347 £0.720 and
2.001 +0.367 Vkg for each dose, respectively, and values obtained using the statistical moment theory were 2.141 + 0.269, 2.390
+ 0.536 and 2.140 + 0.345 1/kg for each dose, respectively. There were no dose-related differences (one-way ANOVA) in the
constants describing distribution and elimination phases (o.and B) or V_, but significant differences were detected in the total body
clearance (Cl) and the area under the plasma concentration-time curve (AUC) After non-compartmental analysis, no significant
differences were found when the parameters A (the linear terminal slope) and V_ were compared, but significant differences were
detected in Cl and AUC. There were no significant differences between the values obtained using the compartmental and non-

compartmental analysis when A-8, C1, V_and AUC were compared.

Introduction

Levamisole, /-2,3,5,6-tetrahydro-6-phenylimidazo(2,1-b)
thiazole, is a synthetic anthelmintic used in veterinary and
human medicine which has been shown to influence the im-
mune system. The drug is used in sheep against a wide range
of gastro-intestinal worms and lungworms"®, and it is avail-
able as a formulation for oral, subcutaneous and intramuscu-
lar administration. Moreover, it may be used in sheep and
other animals as an immunostimulant®®.

The purpose of the present study was to establish the
compartmental and non-compartmental pharmacokinetics of
levamisole in sheep after intravenous administration. No re-
search in this area has been carried out on sheep and the avail-
able pharmacokinetic data are incomplete.

Materials and Methods

Animals

Eighteen healthy Merino sheep were used. All animals were males
of about 6 months old and weighed from 22 to 30 kg. They were
maintained indoors on a hay and concentrates diet.
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Treatment and blood sampling

The sheep were randomly divided into three groups of six animals
each, which received 5, 7.5 and 10 mg/kg of levamisole, respec-
tively, as levamisole HCI (Sigma) in aqueous solution. Whole blood
was collected by jugular venipuncture into heparinised vials
(Vasocan, Brauniile, Braun Melsungen A.G.) immediately prior to
the administration of levamisole and at 5, 10, 15, 20, 25, 30, 60, 90,
120, 150, 180, 240, 300, 360 and 480 minutes after intravenous ad-
ministration. Plasma was separated immediately by centrifugation
and stored at -20 °C until analysed.

Analytical method

Plasma levamisole concentration was determined by high-perform-
ance liquid chromatography (HPLC) with ultraviolet detection as
previously described®. The lowest detectable concentration of
levamisole in plasma was 0.08 pig/ml.

Pharmacokinetic analysis

Individual and mean plasma levamisole concentration-time data were
analysed using both compartmental and non-compartmental meth-
ods. For the compartmental analysis, the iterative weighted non-
linear least-squares regression program PCNONLIN® was used and
initial estimates of the parameters were determinated by JANA @,
The best pharmacokinetic model (one-, two- and three-compartment)
was determined by application of Akaike’s information criterion®
and graphical analysis of weighted residuals. A two-compartment
open model was selected and the equation used to describe levamisole
pharmacokinetics was:

C=Aec™“+B.e™

where C is the plasma concentration of levamisole, A and B are the
zero-time plasma drug concentration intercepts for the biphasic dis-
position curve, and o and  are the first order constants describing the
slopes of the distribution and elimination phases, respectively. These
values were obtained using initial estimates. The other parameters
were calculated by the standard methods of Gibaldi and Perrier®.
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The model independent pharmacokinetic parameters were calcu-
lated by using expressions based on the statistical moments theory'®
and on formulae described by Gibaldi and Perrier'®. The linear ter-
minal slope (A) was calculated by least squares regression of the loga-
rithm of plasma concentration versus time curve over the terminal
elimination phase. The area under the plasma concentration-time
curve from time zero to the last time point (AUC ) was calculated
by the trapezoidal rule, and the total area under the plasma concen-
tration-time curve (AUC) by adding AUC_ to the residual area
AUC__ (calculated by the quotient of C, the last experimental plasma
concentration and the terminal slope, A). The area under the curve of
the product of the time (t) and the plasma drug concentration (C)
versus time (t) from time zero to infinity (AUMC) was calculated
using the linear trapezoidal rule with extrapolation to infinity. The
mean residence time (MRT) was determined by the equation:

MRT = AUMC/AUC

The total body clearance (Cl) was calculated from the quotient of
the dose (D) and AUC. The terminal volume of distribution (V)
was calculated from the ratio of the total body clearance (Cl) and the
terminal slope (A). The volume of distribution at steady state (V)
was determined by the equation: )

V_ = MRT.(D/AUC)

Statistical analysis

The pharmacokinetic parameters determined by compartmental and
non-compartmental models were compared for statistical significance
by using the one-way and two-way analysis of variance (ANOVA).
When the results were significant, the Duncan test'? was used to
evaluate differences between data sets and the probability p < 0.05
was taken as the level of significance for all analyses.

Results

The mean and standard deviation levamisole plasma con-
centration-time profiles and the best fitting curves for the
three doses are shown in Figure 1. The values of the pharma-
cokinetic parameters determined by both compartmental and
non-compartmental analysis are given in Tables I and II, re-
spectively.

Compartmental analysis

After intravenous administration, the pharmacokinetics were
better described by a two-compartmental open model for all
sheep. The mean values for the early o. phase were 0.0554 +
0.0257, G.0594 £ 0.0116 and 0.0616 + 0.0296 min', respec-
tively, for the three doses; those for the terminal B phase were
0.0075 £ 0.0008 min"' (5 mg/kg), 0.0089 + 0.0016 min™' (7.5
mg/kg) and 0.0072 £ 0.0021 min"' (10 mg/kg). Moreover, the
values obtained for V_ were practically the same for the three
doses. One way analysis of variance (ANOVA) of dose
showed no significant differences inc, fand V_.

AUC mean values increased with doses. However, Duncan
test analysis indicated statistically significant differences between
AUC values for the 10 mg/kg dose and lower doses. Further-
more, significant differences were detected in clearance between
the 7.5 mg/kg dose (0.0256 + 0.0076 I/kg.min) and the other
doses (0.0193 £0.0017 I/kg.min for the 5 mg/kg dose and 0.0169
+ 0.0037 Vkg.min for the the 10 mg/kg dose).

Non-compartmental analysis

The mean values for A were 0.0078 + 0.0004 min™' for the 5
mg/kg dose, 0.0086 + 0.0013 min™' for the 7.5 mg/kg dose
and 0.0067 + 0.0020 min™' for the 10 mg/kg dose. Moreover,
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Figure 1. Mean plasma concentration in six sheep after intra-
venous administration of levamisole at doses of 5 (W),
7.5 (A) and 10 (@) mg/kg. Continuous lines are fitted
by the PCNONLIN program.

those corresponding to V_ were 2.141 +0.269, 2.390 £ 0.536
and 2.140 + 0.345 I/kg for the three doses, respectively. There
were no significant differences in the values of A and V_ for
the three doses. ‘

In the same way as in the compartmental analysis, the AUC
mean values increased with doses and statistically significant
differences were found between the values for the 10 mg/kg
dose and lower doses in ANOVA. Furthermore, the mean
values of clearance were of 0.0197 + 0.0017 I/kg.min (5 mg/
kg), 0.0260 = 0.0076 /kg.min (7.5 mg/kg) and 0.0172 =
0.0040 1/kg.min (10 mg/kg). There were significant differ-
ences between the 7.5 mg/kg dose and the other doses.

Finally, there were no significant differences between
the values obtained using the compartmental and non-
compartmental analysis when A-B, Cl, V_and AUC were
compared.

Discussion

Levamisole showed a two-compartmental disposition in
sheep. This was also reported in pigs!'?and in pigs and goats‘'*
after the intravenous administration of 5 mg/kg. Likewise,
this same fact was reported in rabbits'* after intravenous
administration of 12.5, 16 and 20 mg/kg. However, it has been
shown that in dogs levamisole followed a one-compartmental
pattern after the intravenous administration of 10 mg/kg!'®.
Data concerning levamisole pharmacokinetic behaviour af-
ter intravenous administration in sheep have not been found
in bibliographic searches.

The mean values obtained for the ¢ (0.0554 — 0.0616 min™")
and f§ parameters (0.0072 — 0.0089 min'') were higher than
those obtained in pigs‘'? (o = 0.0245 min' and § = 0.0013
min’') but they were lower than those obtained in rabbits'*
(o. ranged from 0.1019 to 0.1282 min™' and P from 0.0114 to
0.0126 min™").
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Table I. Pharmacokinetic parameters (mean + standard deviation) obtained by compartmental analysis in six sheep after intrave-

nous administration of levamisole

Dose (mg/kg)
5 75 ° 10

A (ug/mly* 3.199 £0.852 4.208 +1.341 5.846 +0.461
B (ug/mh* 1.480 £0.276 2.169 £0.811 3.474 £1.376
o (min™)* 0.0554 +0.0257 0.0594 £0.0116 0.0616 £0.0296
B (min)* 0.0075 +0.0008 0.0089 +0.0016 0.0072 £0.0021
k,, (min™)* 0.0217 £0.0142 0.0221 +£0.0083 0.0243 £0.0138
k,, (min")* 0.0233 £0.0102 0.0258 +0.0060 0.0287 £0.0156
k,, (min")* 0.0179 £0.0033 0.0204 +0.0021 0.0157 £0.0036
AUC (pg.min/ml)* 261.3 £24.0 3133 +84.1 612.5 £123.2
v, (kg)” 1.105 £0.227 1.257 £0.360 1.090 +0.151
Vp (Vkg)* 0.9291 +0.1519 1.090 £ 0.465 09112 +0.2810
V_ (kgy” 2.034 £0.231 2.347 £0.720 2.001 £0.367
V, (Ukg)" 2.572 £0.260 2981 £1.129 2.492 +£0.686
Cl (/kg.min)** 0.0193 £0.0017 0.0256 +0.0076 0.0169 £0.0037
t 5, (Min)* 14.66 £5.75 12.01 £2.09 15.81 £12.51
1,5 (D) 92.90 +£10.23 80.12 £12.30 105.2 £36.1
b, (min)® 39.76 £7.17 34.21 £3.40 46.32 £12.35
C, (ng/mhy* 4.679 £0919 6.377 £1.744 9.320 +1.279

One-way ANOVA results: *no statistically significant differences; the other superscripts denote significant differences (Duncan test) between:

*5 and 7.5 mg/kg,*5 and 10 mg/kg, 7.5 and 10 mg/kg.

Table II. Pharmacokinetic parameters (mean + standard deviation) obtained by non-compartmental analysis in six sheep after intra-

venous administration of levamisole

Dose (mg/kg)

5 7.5 10
A (min )" 0.0078 +£0.0004 0.0086 +0.0013 0.0067 +0.0020
AUC (ug.min/ml)** 255.0£22.2 308.3 £82.0 606.5 £131.2
AUMC (ug.min’/ml)** 27 555.1 £2096.9 29 417.0 £10 059.2 79 263.0 £29 679.2
MRT (min)** 108.3 £6.5 9384 +11.14 1275 £22.3
ClI (V/kg.min)*** 0.0197 £0.0017 0.0260 +0.0076 0.0172 £0.0040
V_ (kg™ 2.141 £0.269 2.390 £0.536 2.140 £0.345
v, (kg 2.527 £0.234 3.064 £1.025 2.659 £0.632

Two-way ANOVA results: 'no statistically significant differences with compartmental parameters. One-way ANOVA results: *no statistically
significant differences; the other superscripts denote significant differences (Duncan test) between *5 and 7.5 mg/kg, ’S and 10 mg/kg, *7.5 and

10 mg/kg.

The V_ mean values of levamisole obtained in the present
study are between those obtained in dogs!'> (1.42 I/kg) and
those determined in rabbits"'® (2.7 — 3.9 I/kg). Moreover, the
mean values of Cl obtained are similar to those determined in
dogs'®. However, they were lower than those obtained in
rabbits'4,

Finally the mean values of k. k, andk for each dose, as
well as the fact that the V_ is higher than the physiological
volume, show that levamisole in sheep has a greater tendency
to distribute between central and peripheral compartments than
to eliminate, and it is retained in some tissue. Distribution

studies in several species!® showed that the organs involved
in the metabolism and excretion of levamisole, namely the
liver and kidney, contained the highest ievels of drug. Other
authors have also found very high values of distribution vol-
umes for levamisole in humans!'” and different animal spe-
cies, i.e. sheep and goats!'®, pigs"'®, dogs''®’ and rabbits!'*.
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