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Preliminary Study of Interaction of Clarithromycin with Tacrolimus in Cats
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asstrRACT. Tacrolimus (Tac) is a core immunosuppressive drug in human organ transplantation. In feline kidney transplantation, however,
the cost of Tac therapy is a significant obstacle. Clarithromycin (CLM) increases the blood trough level of Tac, effectively reducing the Tac
dosage in human transplant patients. The interaction between CLM and Tac in cats has not been reported. In this study, the effect of multiple
CLM dosing on the pharmacokinetics of Tac in three healthy cats was investigated. The treatments included Tac at 0.3 mg/kg and Tac at
0.3 mg/kg + multiple-dose CLM at 10 mg/kg. Co-administration of CLM and Tac resulted in significant increases in the oral bioavailability
of Tac. These preliminary findings suggest that administration of multiple doses of CLM may decrease the required Tac dosage in Tac-based
immunosuppressive therapy used as an alternative to the classic cyclosporine-based protocol for feline renal transplantation.
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Immunosuppressive therapy with a combination of cyclo-
sporine and prednisolone has led to successful kidney trans-
plantation in feline patients with end-stage kidney failure
[6]. There are currently no alternative immunosuppressive
regimens available for individual cats that are difficult to
manage with cyclosporine, such as those with cyclosporine-
associated hemolytic uremic syndrome [1]. Tacrolimus (Tac)
has been used as a core immunosuppressive drug for the
prevention of acute allograft rejection in humans [13]. The
immunosuppressive effects of Tac have also been shown in a
feline kidney transplantation model [8]. In an in vitro study,
Tac inhibited alloantigen- and mitogen-induced lymphocyte
proliferation and interleukin-2 production five- to eightfold
more potently than did cyclosporine in cats [9]. Interestingly,
Tac also inhibited B-cell activation and antibody production,
unlike cyclosporine [12]. Although Tac is considered to be a
potential alternative to cyclosporine, the cost of Tac-based
immunosuppressive therapy is a significant obstacle.

Tac is widely known as the substrate of cytochrome
P450 (CYP) 3A and P-glycoprotein (P-gp) [14, 16]. When
Tac is combined with the inhibitors of these proteins, Tac
metabolism is affected to various degrees. In human patients
undergoing heart and bone marrow transplantation, clar-
ithromycin (CLM), an inhibitor of both CYP3A and P-gp,
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significantly increased the Tac blood concentrations and thus
reduced the Tac dosage [4, 7]. Based on these findings, CLM
may enhance the utility of Tac in feline kidney transplant
patients by decreasing the therapeutic cost. In cats, however,
whether CLM affects the oral bioavailability of Tac has not
been reported. The aim of this study was to evaluate the ef-
fect of CLM on the Tac blood level in cats. We investigated
the effects of multiple oral administration of CLM on the
pharmacokinetics of Tac in healthy cats.

Three healthy male cats were used in this study. Their
body weights ranged from 4.4 to 5.1 kg, and their ages
ranged from 3 to 4 years. Prior to this study, all cats were
confirmed to be healthy based on the results of a physical
examination, complete blood count, biochemical profile and
urinalysis. Two treatments (A and B) were performed in each
cat. Kyles et al. [8] reported that the appropriate dosage of
Tac required to achieve trough whole blood concentrations
within the target range (5—10 ng/m/) in feline transplantation
is 0.25 to 0.5 mg/kg BID. Therefore, the dose of Tac (Prograf
Granules 0.2 mg; Astellas, Tokyo, Japan) was adjusted to
0.3 mg/kg. In treatment group A, cats received single oral
dose of Tac. In treatment group B, cats were given approxi-
mately 10 mg/kg of CLM (clarithromycin 50 mg capsule;
Chouseido, Tokushima, Japan) (range, 9.8-11.3 mg/kg;
mean dose, 9.8 mg/kg) once daily for 2 weeks (days 1-14)
and Tac 2 hr after CLM on day 15. The washout times of
each treatment were >1 month. In this study, complete blood
count, serum biochemical analysis and urinalysis were not
repeated at the end of the study to confirm the adverse effects
of the drugs. This study was approved by the Iwate Univer-
sity Animal Care and Use Committee (A201337).

Whole blood samples were drawn through the jugular vein
at0.5, 1,2, 4, 6,8, 12 and 24 hr after Tac administration and
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Table 1.  Effects of multiple doses of oral clarithromycin (CLM) on the pharmacokinetic parameters of tacroli-
mus (Tac) in three healthy cats
AUC0—24 Cmax Tmax T1/2 AUMC0,24 IVIRT0724
Parameters (ng-h/ml) (ng/ml) (hr) (hr) (ng-h%m) (hr)
Treatment A 296.6 £175.3 46.0+13.4 2.0£0.0 13.3+£2.5 23266+18223  7.9+0.7
Treatment B 683.3+£140.7%  79.0+9.6 2.0+0.3 154+85 6516.8+1341.0 9.2+0.2

Values are presented as means + SE. Treatment A: Tac (0.3 mg/kg PO) alone. Treatment B: Tac (0.3 mg/kg PO) +
multiple therapeutic doses of CLM (10 mg/kg PO). *Significantly different from treatment group A (0.01<P<0.05).
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Fig. 1. Mean Tac blood concentration-time curves of the three

healthy cats following treatment A (Tac alone) and treatment B
(Tac + multiple therapeutic doses of CLM). Values are presented
as means + SE.

were collected in tubes containing EDTA. Blood samples
were stored overnight at 0°C until analysis. Measurement of
the whole-blood Tac concentration was performed using a
Pro-Trac II Tacrolimus ELISA kit (DiaSorin, Stillwater, MN,
U.S.A.) by a commercial laboratory (SRL, Tokyo, Japan).
The limit of quantitation in the whole-blood Tac concentra-
tions was 0.5 ng/m/ according to the commercial laboratory.

The maximum blood concentration (C,,,,) and its corre-
sponding time (t,,,) were determined for each cat by ob-
servation of the blood Tac concentration-versus-time profile.
The area under the curve from 0 to 24 hr (AUC,_,,) after
Tac administration was calculated by the linear trapezoidal
method. The terminal elimination rate constant (k) was
calculated by linear least-squares regression analysis using
the last 3 measurement points in the log-linear terminal
phase. The t;, was estimated as 0.693/k. The area under the
first-moment curve from 0 to 24 hr (AUMC, ,,) after Tac
administration was also calculated by the linear trapezoidal
method. The mean residence time from 0 to 24 hr (MRT,, »,)
was calculated as AUMC_,,/AUC »4.

Differences in the pharmacokinetic parameters between
each treatment were analyzed using the paired #-test and
were regarded to be statistically significant at P<0.05. Each
value is shown as the mean + SE.

The blood concentration—time curves after the 2 treat-
ments are shown in Fig. 1. The AUC,_,4 of cats with CLM

treatment (treatment B) was significantly higher than that of
cats treated with Tac alone (treatment A) (P<0.05). The mean
Tac blood concentrations in cats with treatment B tended to
be substantially higher than those in cats with treatment A.
Pre-administration of multiple doses of CLM did not sig-
nificantly affect C,,y, tmax> ti2 AUMCy 54 or MRT( 4. The
pharmacokinetic parameters of Tac with or without CLM are
listed in Table 1.

Tac is metabolized by CYP3A and P-gp in the liver and
small intestine [3]. In humans, oral Tac metabolism is report-
edly dependent upon the small intestine rather than the liver
[2]. In this study, co-administration of CLM and Tac resulted
in a significantly higher AUC,_,, than did administration of
Tac alone. We found no statistically significant differences in
t, or MRT, ,4 of Tac between the 2 treatment groups. These
findings indicate that the administration of multiple doses
of CLM may increase the oral bioavailability of Tac in cats,
mainly by decreasing the first-pass effect through CYP3A
and/or P-gp inhibition.

Our results indicate that CLM use may reduce the dos-
age, cost and administration frequency of Tac in cats. These
reductions would be of clinical importance in making renal
transplantation more acceptable for pet owners. Prophylactic
use of CLM may be beneficial for the prevention of bacterial
infectious complications in feline kidney transplantation. In
our previous study, long-term use of CLM was well tolerated
without apparent adverse effects or complications, such as
the development of antibiotic-resistant bacteria, in a feline
kidney transplant patient [S]. On the other hand, Tac was
administered as a single dose in this study, and the safety of
the long-term use of Tac was not investigated. Therefore, a
further study is needed to investigate the effectiveness and
safety of long-term co-administration of Tac with CLM for
feline kidney transplantation.

Besides the effects on Tac blood levels, CLM inhibits the
production of IL-2 by human T cells in a dose-dependent
manner, indicating that the immunosuppressive effects of
CLM may be based partially on the ability to inhibit the pro-
duction of IL-2 by T cells [11]. Co-administration of CLM
with Tac may reinforce the immunosuppressive effects on
T-cell proliferation developing to acute allograft rejection.
CLM might be beneficial in feline kidney transplant recipi-
ents due to its immunosuppressive effects, thereby minimiz-
ing potential insults to the allograft.

Furthermore, Tac appears to have less severe effects on the
proliferation and function of human regulatory T cells than
cyclosporine according to an in vitro study [10]. Regulatory
T cells are considered to be critical for the long-term protec-
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tion of the allograft against transplant rejection. Detection
of high levels of regulatory T cells in the peripheral blood
was associated with better graft outcome in human kidney
transplant patients [15]. Although there are no reports re-
garding regulatory T cells in feline renal transplant patients,
Tac may become an excellent alternative to cyclosporine on
this point.

In conclusion, these preliminary findings show that CLM
significantly increases the oral bioavailability of Tac in
healthy cats and suggest that co-administration of Tac with
multiple oral dosing of CLM may decrease the Tac dosage
and dose frequency required for the prevention of acute al-
lograft rejection. Further studies of the impact of CLM on
Tac dosage are needed before applying combination therapy
comprising Tac and CLM to feline renal transplant patients,
because of the small number of animals used in this study.
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