Effect of first-pass hepatic metabolism
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Objective—To evaluate the contribution of first-pass
hepatic metabolism of levamisole on levamisole dis-
position in rabbits.

Animals—30 male New Zealand White rabbits.

Procedures—Rabbits were randomly placed into 2
groups. Rabbits in the first group received levamisoie
via the marginal ear vein at the following 3 doses:
12.5, 16, and 20 mg/kg (5 rabbits for each dose).
Rabbits of the second group received levamisole via
the jejunal vein at the same doses (5 rabbits each).
During the following 240-minute period, plasma sam-
ples were obtained and quantified for levamisole con-
centrations by reversed-phase high-performance lig-
uid chromatography.

Results—No significant differences were found
between pharmacokinetic parameters calculated by
compartmental or noncompartmental analysis. Mean
hepatic extraction ratio ranged from -0.044 to 0.017
and from 0.020 to 0.081 when area under the plasma
concentration-time curve values were obtained after
compartmental or noncompartmental analysis,
respectively. After compartmental analysis, plasma
concentration decreased bi-exponentially. Mean phar-
macokinetic parameter values were as follows for
each dose {12.5, 16, and 20 mg/kg, respectively): after
levamisole administration via the marginal ear vein,
volume of distribution at steady state (V) = 4.26,
4.33, and 3.20 L/kg; total body clearance (Cl) = 49.04,
43.77, and 39.26 ml/kgemin; and half-life associated
with B-phase (t;p) = 7793, 85.39, and 69.79 minutes.
After levamisole administration via the jejunal vein, V
= 4.38, 2.85, and 2.97 L/kg; Cl = 48.14, 42.40, and
39.69 ml/kgsmin; and t,,, = 101.8, 76.71, and 76.13
minutes.

Conclusions—Levamisole has a low degree of hepat-
ic extraction in rabbits. (Am J Vet Res 2003;64:
1283-1287)

Levamisole is a broad-spectrum anthelmintic that
has been used in livestock against a wide range of
pulmonary and gastrointestinal nematodes.”” It has
also been shown to modulate immune functions* in
humans and animals (cattle, dogs, and cats), and it is
available for this use.

Levamisole may be used against Obeliscoides cinu-
culi, Graphidium strigosum, and Trichostrongylus spp in
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rabbits.*® Moreover, it may be used in several respira-
tory tract diseases as immunomodulator.’

Data concerning pharmacokinetics for levamisole
are available for several species,™® including
humans.”** However, no information has been pub-
lished on the first-pass hepatic metabolism of lev-
amisole. Results of studies performed in several species
indicate that after levamisole administration, the per-
centage of the dose excreted unchanged in urine ranges
from 3% in humans™® to 28% in dogs.” Differences
between species can be attributed mainly to the differ-
ent rates of hepatic biotransformation, making the
study of first-pass hepatic metabolism of levamisole
important. The purpose of the study reported here was
to evaluate the contribution of first-pass hepatic
metabolism of levamisole on levamisole disposition in
rabbits.

Materials and Methods

Animals—Experiments were perlormed on 30 male
New Zealand White rabbits weighing between 2.5 and 3.5
kg. Rabbits were housed in individual cages under con-
trolled conditions of temperature (19 + 2°C), humidity
(55 + 10%), and a light-dark cycle (12 hour) during the
experimental period. Rabbits had free access to food (pel-
leted) and water.

Experimental design—Rabbits were randomly placed
into 2 groups of 15 rabbits each. Levamisole hydrochloride®
was dissolved in 1 mL of sterile water and administered by
bolus injection to all rabbits. All group-1 rabbits received lev-
amisole via the marginal ear vein at the following doses: 12.5
mg/kg (n = 5), 16 mg/kg (5), and 20 mg/kg (5). Al 3 doses
were within the therapeutic range for this species.

All group-2 rabbits received levamisole via the jejunal
vein. This route of administration was used because the
entire dose of levamisole passes through the liver before it
reaches the systemic circulation. As with group-1 rabbits,
group-2 rabbits were also placed in 3 subgroups (of 5 rabbits
each) and received the 3 different doses of levamisole to
determine whether first-pass hepatic metabolism of lev-
amisole was dose dependent. If the first-pass hepatic metab-
olism of levamisole is substantial, high dose administration
could satarate this process.

Anesthesia was induced in all rabbits by IV administra-
tion of sodium pentobarbital’ (30 mg/kg) in order to cannu-
late the left carotid artery with a heparinized silastic catheter.
In group-2 rabbits, the jejunal vein was also cannulated with
a heparinized silastic catheter?

Body temperatures were maintained at 37.5 = 0.5°C by
placement of electric blankets under rabbits. Anaesthesia
was maintained in all rabbits by sodium pentobarbital (2.5
mg/kg, 1V) administration. A 30-minute stabilization peri-
od was allowed between the preparation of the rabbit and
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the initiation of the experiment. The Institutional Animal
Care and Use Commirttee of the University of Leon
approved the protocol followed in this study in advance.

Sample collection—Heparinized blood samples (3 mL)
were collected from group-l and -2 rabbits from the left
carotid artery prior to drug administration and at 3, 5, 10, 15,
20, 25, 30, 60, 90, 120, 150, 180, 210, and 240 minutes after
levamisole administration. Plasma was separated immediate-
ly by centrifugation and stored at ~20°C until analysed. Every
30 minutes, 5 mL of isotonic saline (0.9% NaCl) solution was
administered SC.

Analytic procedure—Levamisole concentrations in plas-
ma were measured by reversed-phase high-performance lig-
uid chromatography with ultraviolet detection following a
method previously described.” The limit of quantitation was
0.8 pg/mlL (corresponding to a plasma concentration of 0.16
ug/mL), the limit of detection was 0.25 pg/mL, and the
extraction recovery was 83.38% for the entire range of con-
. centrations of the assay. Interday and intraday accuracy and
precision were within 10%.

Pharmacokinetic analysis—Pharmacokinetic analysis
was performed on the basis of a compartmental as well as a
noncompartmental description of the observed data. For
compartmental analysis, plasma levamisole concentration-
time profiles were individually fitted to the following experi-
mental equation:

n
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where C; is the yintercept, A is the slope of each of n first-
order rate processes, e is the exponential function (base e),
and t is time. The estimates of C, and A, were calculated by
use of a computer program based on the nonlinear iterative
least-squares regression analysis.® Data were fitted to the
equations by use of a weighting factor 1/C, and the inital
estimates of the parameters were determined by use of a com-
puter software program.”

The optimal pharmacokinetic model (1, 2, and 3 com-
partments) was determined by application of the Akaike
information criterion” and graphic analysis of weighted
residuals. Other com?artmental parameters were calculated
by standard methods.”

The model-independent pharmacokinetic parameters
were calculated by use of expressions based on statistical
moments theory” and formulas already mentioned.” The
plasma elimination rate constant (A) was estimated by least-
squares regression of the logarithm of plasma concentration
versus time curve over the terminal elimination phase, and
maximum plasma concentration (C,,,) and the time to
reach maximum concentration (t,,) were determined by
direct observation of data.

The area under the plasma concentration-time curve
(AUC) and the area under the first moment curve (AUMC)
were calculated by the linear trapezoidal rule with extrapola-
tion to infinity. The mean residence time (MRT) was defined
as AUMC/AUC, the total body clearance (Cl) was deter-
mined by dividing the dose by AUC, the volume of distribu-
tion at steady state (V) was calculated from the equation
Vi = MRT X Cl, and the apparent volume of distribution
(V,) was defined as CVA.

The hepatic extraction ratio, which reflects the contri-
bution of first-pass hePatic metabolism, was calculated as E,,
=1~ (AUC/AUC,),” where AUC,; and AUC,, are the AUC
when levamisole was administered via the jejunal and the ear
marginal veins, respectively.

Statistical analysis—All pharmacokinetic parameters

Levamisals concentration {ugimk.)

were calculated for each rabbit, and values are reported as
means (+ SD). Differences between data sets were deter-
mined by use of the Kruskal-Wallis test. A value of P <
0.05 was considered significant. When results were deter-
mined to be significant, they were evaluated by the
Wilcoxon test with Bonferroni correction to assess differ-
ences between data sets.
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Figure 1—Mean (+ SD) plasma concentrations of levamisole in
rabbits after levamisole administration via the marginal ear vein
at 3 different doses.

Table 1—Mean (+ SD) values for pharmacokinetic parameters
obtained by compartmental analysis in rabbits after levamisole
administration via the marginal ear vein

Dose (mg/kg)

Parameters 125 16 20
A (pg/mLf 537 + 1.2 6.73 = 3.06 9.80 * 1.36
B (ng/mLy* 1.78 = 0.39 2.37 £ 0.35 441 =163
a. (1/min} 0.0943 = 0.0361 0.0785 = 0.0237 0.1153 = 0.0617
B (1/min) 0.0091 = 0.0014 0.0083 + 0,0032 0.0103 + 0.0021
kyz (1/min) 0.0443 = 0.0233 0.0360 = 0.0158 0.0535 = 0.0339
kz; {1/min} 0.0307 = 0.0126 0.0267 + 0.0045 0.0448 * 0.0276
kyq {1/min) 0.0277 + 0.0049 0.0241 + 0.0066 0.0273 =+ 0.0041
AUC {pgemin/

mi)ie 2613+444 3710492 521.9 * 87.1
Cl{mbl/kgemin) 49.04 892 4377 =6.14 39.26 = 7.00
V, (Lkg) 1.79 = 0.31 1.98 * 0.82 146 =033
V, (Lkg) 247 + 067 2.34 = 0.56 1.74 = 0.4
Vs (L/ka) 4.26 = 0.42 433084 320 =074
V, (/kg} 5.44 + 0.74 537 = 0.89 398 = 1.30
1120 (Min} 8.35 + 3.49 972 +3.77 7.46 * 359
tiy2p (min) 7793 £11.57 8539*1274 6979 = 1520
/210 {MiN) 25.64 = 4.61 30.95 + 10.52 25.84 = 405
Cq (no/mL) 715116 909 +330 1421 + 283
AUC/dose (ge

min/mL} 2090 £ 355  23.19 = 3.07 26.09 = 435

Different superscript letters indicate parameters that differ signifi-
cantly {Kruskal-Wallis test, P < 0.05) between doses. Wilcoxon test with
Bonferroni correction: *Significant differences between 12.5 and 16
mg/kg, 'significant differences between 16 and 20 mg/kg, “significant dif-
ferences between 12.5- and 20-mg/kg dases.

A = o zero-time intercept. B = {§ zero-time intercept o and p =
Apparent first-order disposition rate constants. k,, = Apparent first-
order transfer rate constant from the central compartment to the
peripheral compartment. k;, = Apparent first-order transfer rate con-
stant from the peripheral compartment to the central compartment k,q
= Apparent first-order elimination rate constant from the central com-
partment. AUC = Area under the plasma concentration-time curve. Cl =
Total body clearance. V. = Apparent volume of distribution in the central
compartment. V, = Apparent volume of distribution in the peripheral
campartment. V., = Volume of distribution at steady state. V, = Apparent
volume of distribution. t,,,, = Half-life assaciated with o phase. tig =
Half-life associated with § phase. t,,,, = Elimination from the centrat

compartment half-life. Cy = Addition of the o and B zero-time intercepts.
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Results

Administration via the marginal ear vein—
Following administration of levamisole via the margin-
al ear vein, mean plasma levamisole concentrations-
time profiles for the 3 doses (12.5, 16, and 20 mg/kg;
Fig 1) were best described in all rabbits by a 2-com-
partment open model. The compartmental pharmaco-
kinetic parameters were calculated (Table 1). The
steady-state volume of distribution ranged from 3.20 to
4.33 L/kg, and clearance ranged from 39.26 to 49.04
mL/kgemin. Values obtained for AUC increased signif-
icantly with dose (261.3,371.0, and 521.9 pgemin/mL,
respectively). No significant differences were found for
the 3 doses studied when the apparent first-order dis-
position rate constants (distribution [¢f] and elimina-
tion [B]), Cl, and V,, were compared.

Noncompartmental pharmacokinetic parameters
were also determined (Table 2). The V,, ranged from
3.06 to 4.25 L/kg, and clearance ranged from 40.29 to
51.96 mL/kgemin. Values obtained for AUC increased
significantly with dose (249.3, 371.0, and 509.1
pgemin/mL, respectively). No significant differences
were found between doses in A, MRT, Cl, and V.. In
addition, no significant differences were found
between values obtained by compartmental and non-
compartmental methods for the apparent first-order
disposition rate constants (A - B), AUC, Cl, and V..

Table 2—Mean (x SD) values for pharmacokinetic parameters
obtained by n.onco.mpar_‘tmental analysis in rabbits after lev-
amisole administration via the marginal ear vein

Dose (mg/kg)

Parameters 125 16 20
A {1/min} 0.0089 = 0.0017 0.0075 = 0.0010 0.0100 = 0.0016
AUC {pge

min/mL}*%° 2493 + 822 Np 438 500.1 = 87.4
AUMC (tlg‘

min/mLIe 21,7418 + 58959 33,.277.3 = 5,180.1 39,081.0 = 9,251.2
MRT {min} 8249 = 1426  B89.63 = 9.28 76.28 = 7.40
Cl{ml/kgemin) 51.96 = 10.94  43.65 = 5.6 4029 x7.35
Ve (ng% 426+ 1.12 391 = 0.57 3.06 £ 052
AUC/dose

(gemin/mL)  19.94 + 417 2319273 2545 = 4.37

% = Elimination rate constant. AUMC = Area under the first
moment curve. MRT = Mean residence time.
See Table 1 for remainder of key.
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Figure 2—Mean (x SD) plasma concentrations of levamisole in
rabbits after levamisole administration via the jejunal vein at 3
different doses.

Administration via the jejunal vein—The devel-
opment of the 3 mean concentration-time curves after
levamisole administration via the jejunal vein also fol-
lowed a 2-compartment open model (Fig 2). After
compartmental analysis, V,, ranged from 2.85 to 4.38
L/kg (Table 3), and Cl ranged from 39.69 to 48.14
ml/kgemin. A significant increase in AUC values
(267.1, 389.5, and 512.9 pgemin/mlL) was observed
with increasing doses. Results of a Kruskall-Wallis test
indicated that the dose did not affect any other phar-
macokinetic parameter than AUC.

Regarding noncompartmental pharmacokinetic
parameters for the 3 doses (Table 4), V values ranged
from 3.09 to 3.99 L/kg, and Cl ranged from 43.55 to
50.67 mL/kgemin. Values obtained for AUC increased
significantly with dose (254.2, 357.1, and
467.8 pgemin/mL, respectively). Significant differ-
ences were found between doses for AUC when non-
compartmental parameters were compared. No signifi-

Table 3—Mean (+ SD) values for pharmacokinetic parameters
obtained by compartmental analysis in rabbits after levamisole
administration via the jejunal vein

Dose (mg/kg)

Parameters 125 16 A
A (pg/mbi*+* 1362 =357 25.39 *+ 581 28.10 = 6.38
B {pa/mL)° 1.25 + 0.60 2.20 + 0.46 3.19 = 0.96
a (1/min)* 0.1325 = 0.0402 0.1690 = 0.0497 0.1676 = 0.0348
B (1/min) 0.0076 = 0.0027 0.0098 = 0.0031 0.0093 = 0.0015
kyz (1/min}? 0.0655 = 0.0247 0.0827 = 0.0289 0.0836 = 0.0252
ky (1/min}* 0.0182 = 0.0075 0.0226 = 0.0064 0.0251 = 0.0062
Kio g{minl' 0.0565 = 0.0176 0.0735 « 0.0219 0.0622 + 0.0065
AUC (ug-

min/mLj*%c  267.1 £ 49.6 3895 £77.2 5129 = 754
Cl{mlL/kg-min) 48.14 = 9.07 42,40 = 8.46 39.69 = 6.01
v, {L/ka) 0.9064 = 03069 0.6079 £ 0.1620 0.6494 = 0.1557
v, (L/kg)* 3.48 = 167 2.24 = 0.72 2.32 = 0.59
V,, (Lkag) 438 * 1.98 2.85 + 0.85 297 £0.74
v, (Ukg} 7.16 = 3.42 454 +1.15 440 £1.17
tye (MiN)¢ 565 = 1.75 431 = 1.17 4271 £ 0.80
tyng (min) 10190 = 3890 7671 £ 2481 7613 = 11.90
tyzy10 (MiN)’ 1312 = 349 10.37 = 4.06 11.24 = 1.24
Cy 7ug/rnL)“" 14.87 = 4.05 2759 + 6.07 3218725
AUC/dose

(gemin/mb) 2137 £ 397 2434 + 4.82 2565 £ 3.77

4Significantly {Kruskal-Wallis test, P < 0.05} different from values
obtained following administration of levamisole via the marginal
ear vein.

See Table 1 for remainder of key.

Table 4—Mean (+ SD} values for pharmacokinetic parameters
obtained by noncompartmental analysis in rabbits after lev-
amisole administration via the jejunal vein

Dose (mg/kg)

Parameters 12.5 16 20
A {1/min) 0.0064 + 0.0018 0.0084 = 0.0016 0.0089 = 0.0009
AUC (ng-

min/mL)*%¢ 2642 £ 479 357.1 £ 55.2 467.8 = 69.2
AUMC (ug-

minY/mL)  20,453.3 + 5,558.7 23,928.0 * 6,808.2 33,101.3 = 51970
MAT (min) 7976 = 1569  83.24 = 846 70.86 = 6.64
Cl{m/kgsmin) 50.67 = 10.08  45.68 = 7.02 4355+ 6.73
V,, (Ukg) 399 £ 0.94 3.78 £ 047 3.09 = 0.56
AUC/dase

(gemin/ml)  20.34 = 3.83 22.32 * 345 23.39 + 346

See Table 1 and 2 for key.
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cant differences were found between the values
obtained by compartmental and noncompartmental
methods for (A - B), AUC, Cl, and V. Values obtained
for AUC per dose indicated that the pharmacokinetics
were linear in the range of doses studied.

To determine the effect of first-pass hepatic metab-
olism, an analysis was performed to investigate the
influence of location of IV administration (ie, margin-
al ear vein vs jejunal vein). Results indicate that the fol-
lowing compartmental parameters are affected by loca-
tion of IV administration: & zero-time intercept (4), @,
apparent first-order transfer rate constant from the
central compartment to the peripheral compartment
(k,5), apparent first-order transfer rate constant from
the peripheral compartment to the central compart-
ment (k,,), apparent first-order elimination rate con-
stant from the central compartment (k,o), apparent
volume of distribution in the central compartment
(V,), half-life associated with o phase (t;/5,), elimina-
tion from the central compartment half-life (),
and the addition of the o and § zero-time intercepts
(Co). No significant differences were found for non-
compartmental parameters. Mean hepatic extraction
ratio ranged from —0.044 to 0.017 and from 0.020 to
0.081 when AUC values were obtained after compart-
mental or noncompartmental analysis, respectively.

Discussion

Levamisole is extensively metabolized in most
species. The metabolites of levamisole are numerous,
although oxidation and hydrolysis are considered to be
the main metabolic reactions."*”

It has been reported that in the rat,” 91 to 94% of
the levamisole administered is metabolized. These
authors also found that p-hydroxylation was not
major metabolic route. However, results of other stud-
ies”™* indicate that this metabolic route is important in
levamisole biotransformation.

Results of studies®™” performed in dogs reveal that
the degree of metabolism of levamisole in dogs is lower
than in rats. These authors reported that 28% and a
20%Y of the dose of levamisole administered was
excreted unchanged in urine of dogs. When levamisole
was administered to pigs, sheep, and goats, the per-
centage of the dose excreted unchanged in urine
ranged from 5 to 10%.® Results obtained for humans
were even lower, with 3% of levamisole excreted unal-
tered in urine.”**® Taking into account all these find-
ings, the possibility of a first-pass he?atic effect for lev-
amisole metabolism was suggested.”

As a rule, it is difficult to predict whether a partic-
ular compound is a good candidate for hepatic
uptake® In our study, we estimated the first-pass
metabolism of levamisole in the liver. In all cases, mean
values of the hepatib extraction ratio were near zero,
indicating that levamisole is a drug with a low hepatic
extraction in rabbits. Therefore, other organs and tis-
sues should participate in levamisole clearance. It must
be pointed out that the difference between AUC values
obtained after levamisole administration via the jejunal
versus the marginal ear vein was 8.1%, which was
observed with the dose of 20 mg/kg. It is therefore pos-
sible that hepatic clearance mechanisms are more effi-

cient when presented with a high dose. This finding is
in agreement with the possibility that levamisole acts
as an enzymatic inductor.” In addition, as a result of
the variability in levamisole metabolism, we believe
that hepatic extraction could be higher in species other
than rabbits. '

In addition to the study of the first-pass effect, we
have also evaluated other pharmacokinetic parameters
of levamisole after levamisole administration via jeju-
nal and the marginal ear veins. Levamisole plasma con-
centration versus time data was best described by a 2-

“compartment open model in both situations, which

was also reported for nonanaesthetized rabbits,'
pigs,”* sheep," and goats,”” whereas Watson et al”
reported that metabolism of levamisole in dogs fol-
lowed a 1-compartment open model.

Mean values of k,,/k;; and k,/k,, after adminis-
tration via the marginal ear vein revealed the tendency
of levamisole to distribute within the peripheral com-
partment rather than to be eliminated. The high V
values obtained confirm the wide distribution of lev-
amisole. High values of V,, for levamisole have also
beenmfound in pigs and goats,” sheep," dogs,” and rab-
bits.

Following administration via the jejunal vein, lev-
amisole also has a wide distribution within the body,
with ready access to the peripheral compartment,
where it is appreciably retained. Clearance values were
similar to those obtained when the drug was adminis-
tered via the marginal ear vein, which would explain
the fast elimination of levamisole from the body.

With regard to the influence of location of IV
administration (ie, marginal ear vein vs jejunal vein)
on the pharmacokinetics of levamisole in rabbits,
results of a Kruskall-Wallis test revealed that noncom-
partmental parameters calculated after administration
via the marginal ear vein or jejunal vein are kinetically
equivalent. For compartmental parameters, the loca-
tion of IV administration only influences the initial
phase of distribution and elimination, whereas those
parameters that characterize the terminal phase
(B zero-time intercept, B, and half-life associated with
B phase) or the whole process (AUC, Cl, V, and AUC
per dose) remain invariable.

“Levamisole hydrachloride, Sigma Chemical Co, St Louis, Mo.

l'Roig Farma, Terrasa, Barcelona, Spain.

‘0.8-mm internal diameter, 2.16-mm outer diameter, 15 cm in length,
Dow Corning Co, Midiand, Mich.

%0.51-mm internal diameter, 10-cm in length, Dow Corning Co,
Midland, Mich.
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