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Abstract

Quantitative evaluations of the functions of uptake and efflux transporters
directly in vivo is desired to understand an efficient hepatobiliary transport of
substrate drugs. Pitavastatin is a substrate of organic anion transporting
polypeptides (OATPs) and canalicular efflux transporters; thus, it can be a
suitable probe for positron-emission tomography (PET) imaging of hepatic
transporter functions. To characterize the performance of [®¥F]PTV-F1, an
analogue of pitavastatin, we investigated the impact of rifampicin (a typical OATP
inhibitor) coadministration or Bcrp (breast cancer resistance protein) knockout on
[*8F]PTV-F1 hepatic uptake and efflux in rats by PET imaging. After intravenous
administration, [*®F]PTV-F1 selectively accumulated in the liver, and the
radioactivity detected in plasma, liver, and bile mainly derived from the parent
PTV-F1 during the PET study (~40 min). Coadministration of rifampicin largely
decreased the hepatic uptake of [®F]PTV-F1 by 73%. Because of its lower
clearance in rats, [*®F]PTV-F1 is more sensitive for monitoring changes in hepatic
OATP1B function that other previously reported OATP1B PET probes. Rifampicin
coadministration also significantly decreased the biliary excretion of radioactivity
by 65%. Bcrp knockout did not show a significant impact on its biliary excretion.
[*8F]PTV-F1 enables quantitative analysis of the hepatobiliary transport system

for organic anions.
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Introduction

Characterization of the hepatobiliary transport of drugs is a key element for
understanding the pathways involved in drug elimination from the body. Various
uptake and efflux transporters are coordinately involved in the hepatobiliary
transport of drugs in humans[1, 2]. The organic anion transporting polypeptides
(OATPs) 1B1 and 1B3 are responsible for the hepatic uptake of anionic drugs,
such as 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors
(statins). On the canalicular side, P-glycoprotein (P-gp), multidrug resistance-
associated protein 2 (MRP2) and breast cancer resistance protein (BCRP) are
considered to be important for the efflux of drugs and their metabolites into the
bile. Altered functions of these transporters, caused by drug—drug interactions
and genetic polymorphisms of specific transporter isoforms, result not only in
changes of blood—drug concentrations, but also intrahepatic drug concentrations.
According to the extended clearance concept, if the rate-limiting step of intrinsic
hepatic clearance of a drug is hepatic uptake, it is possible that the decreased
function of canalicular efflux transporters does not affect the blood—drug
concentration, but dramatically increases the hepatic concentration[1]. Thus,
methods to quantify the intrinsic hepatobiliary transport clearance of each drug
particularly with regard to the liver concentration in humans are needed for deep
understanding of the factors causing interindividual differences in the canalicular
efflux process.

Positron emission tomography (PET) is one of the powerful, noninvasive
approaches for molecular imaging in living systems. The high sensitivity and

guantitative property of PET make it a useful tool for estimating the in vivo
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functions of transporters over time using appropriate radiotracers. To directly
characterize the hepatobiliary transport systems for organic anions in vivo,
several PET probes such as [M'C]15R-TIC [3, 4], ['!C]dehydropravastatin [5, 6],
[Y!C]telmisartan[7] and [*C]rosuvastatin[8] have been used to elucidate the
impact of OATP1Bs-mediated drug interaction with rifampicin and dose-
dependent nonlinear pharmacokinetics of drugs in rodents and humans[4]. One
important feature of PET probes for the quantification of transport functions is that
the PET probes themselves must not undergo extensive metabolism. Otherwise,
the pharmacokinetic parameters determined represent a complex of intrinsic
parameters for metabolism and membrane transport. 15R-TIC forms at least
three metabolites[4] and a substantial amount of telmisartan is glucuronidated[7];
thus, the interpretation of their canalicular efflux as measured by radioactivity is
difficult.

Pitavastatin was mainly cleared from the liver where OATP1B1 and OATP1B3
play pivotal roles in its uptake[9]. As for biliary excretion of pitavastatin, Bcrp is
the most important transporter in mice[10], whereas Mrp2 is not involved in this
process in rats because canalicular efflux clearance of pitavastatin did not change
in Mrp2-deficient rats[10] (Eisai hyperbilirubinemic rats), which is different from
pravastatin and rosuvastatin[11, 12]. Thus, pitavastatin is expected to have a
unique pharmacokinetic character. Moreover, unlike other statins, pitavastatin
has fluorine group in its structure, the radioisotope of which (*¥F) has a much
longer half-life (109.7 min) than most of the other positron emitting radionuclides
commonly incorporated into pharmaceutical agents, such as *C (20 min), 13N (10

min) and 0 (2 min). The incorporation of 18F can also be much easier to achieve
8



than the incorporation of other positron emitting radionuclides with longer half-
lives such as 24 (4.2 days) and 89%Zr (78.4 h). All previously developed PET
probes used to examine hepatobiliary transport were labeled with *1C and the
time constraints for handling these compounds need to be considered. We first
tried to develop ‘8F-pitavastatin[13], however, its synthesis was a big challenge
(i.e., many steps, and handling of volatile radioactive intermediates); therefore,
we designed a PET probe of the pitavastatin derivative, [*8F]PTV-F1[14] (Fig. 1).
Uptake clearances of PTV-F1 in OATP1B1- and OATP1B3-expressing HEK293
cells were almost the same as those of pitavastatin, and that metabolism of both
PTV-F1 and pitavastatin was not detected within 10 min after incubation with
human liver microsomes[14]. Thus, the pharmacokinetic property of PTV-F1 is
expected to be similar to that of pitavastatin.

The current study intends to characterize the hepatobiliary transport of
[*8F]PTV-F1 in rats by PET imaging when rifampicin, a typical OATP1Bs inhibitor,

was coadministered or Bcrp KO rats was used.



Materials and Methods

Materials

All reagents and solvents were commercially available from Wako Pure
Chemical Industries (Tokyo, Japan), Nacalai Tesque (Kyoto, Japan), Merck
(Darmstadt, Germany), and Sigma Aldrich (St. Louis, MO, USA), and used as
received without further purification. [*8F]PTV-F1 was synthesized as previously
reported[14]. The identity and concentration of [*®F]PTV-F1 were assessed by
high-performance liquid chromatography using a Shimadzu system (a LC-10AT
pump with a SPD-10A UV detector, o = 220, 254 nm; Shimadzu, Kyoto, Japan)
with a Cosmosil 5C18-ARII column (4.6 x 150 mm and 10 x 250 mm; Nacalai
Tesque) and a radioisotope detector. The chemical structure of [*®F]PTV-F1 is
shown in Figure 1. The radiochemical purity was >95%, and the molar
radioactivity was >10.0 GBg/umol at the time of injection. The purified fraction

was evaporated and reconstituted with saline[14].

Animals

Male Sprague Dawley (SD) rats weighing 222-333 g (8—10 weeks old) were
purchased from Japan SLC, Inc. (Shizuoka, Japan). Breast cancer resistance
protein (Bcrp) gene KO rats (Male, SD-Abcg2!™sage ) weighing 198-252 g (8-10
weeks old) were purchased from Sigma Sage Laboratories (St. Louis, MO, USA).
All animals were kept in a temperature- and light-controlled environment with
standard food, and tap water was provided ad libitum. The Kyoto University
Animal Care Committee approved all animal procedures.
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PET scans

All PET and computed tomography (CT) scans were performed using a FX-
3300 (Gamma Medica, Salem, NH, USA) designed for laboratory animals. This
PET scanner has a spatial resolution of <1 mm in full width at half-maximal
(FWHM) at the center of the view at 100 mm in diameter and an axial extent of
110 mm in length. PET experiments with [*F]PTV-F1, either alone or with
coadministered rifampicin, were performed in control SD or Bcrp KO rats. Rats
were anesthetized and maintained under anesthesia with 1.5% isoflurane, and
the femoral artery was cannulated with polyethylene tubing for blood collection.
At the start of the emission scan, [*F]PTV-F1 was administered as a single bolus
via the tail vein at doses of 8.90 = 1.44 MBq (n = 11). All PET acquisitions were
performed in dynamic scan mode for 60 min.

For estimating the transport function of OATP1Bs in the liver, rifampicin, a
typical inhibitor of OATP1Bs, was intravenously infused at a rate of 1.5
umol/min/kg for at least 90 min before the administration of [*8F]PTV-F1, and a
constant infusion rate was then kept until the end of the PET scan. Arterial blood
was sampled via the cannulated femoral artery 11 times within 30 min at the
following time points: 10, 20, 30, 40, and 50 s and 1, 2, 5, 10, 20, and 30 min after
bolus administration of [*8F]PTV-F1. The volume of blood sampled at each time
point was about 10 uL, and the total blood volume sampled from one rat did not
exceed 1.6 mL, which is about 10% of the total circulating blood volume. Blood
radioactivity levels were measured using a pFmPC system (Shimadzu).

Radioactivity in each measured sample was corrected for decay. After finishing
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the PET scan, CT scans were performed with the following conditions: tube
voltage, 60 kV; tube current, 310 pA. Anesthesia was maintained at 1.5%

isoflurane before euthanasia, using an injection of sodium pentobarbital.

Analysis of PET data

PET images were reconstructed by Fourier rebinning and standard 3D-
ordered-subsets expectation maximization. Regions of interest (ROISs)
representing the liver were delineated using the Pmod program (v. 3.3; PMOD
Technologies, Zurich, Switzerland). All ROIs were combined and transformed to
volumetric regions of interest. The time-radioactivity curve for liver was
constructed by normalizing decay-corrected time-radioactivity measurements to

the injected dose (% dose) of [18F]PTV-F1.

Biodistribution of radioactivity after [*8F]PTV-F1 administration

A saline solution of [*F]PTV-F1 was injected into rats through the tail vein.
Animals were sacrificed at a designated time (2, 5, 10, 15, 30, and 60 min after
injection). Blood, heart, lung, liver, spleen, pancreas, stomach, intestine, kidney,
bone, and whole-brain samples were removed quickly. The radioactivity present
in these tissues was measured using a 1480 WIZARD 3 automatic gamma
counter (PerkinElmer Co.,Ltd.), and the results were expressed as the
percentage of the injected dose (%ID/g). All radioactivity measurements were

corrected for decay.
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Analysis of metabolites in blood, bile, and liver using thin-layer
chromatography (TLC)

Metabolite analysis was carried out as described previously[4]. After the
femoral artery and the bile duct in SD rat were cannulated, [*®F]PTV-F1 was
injected via the tail vein at doses of 41.1 MBq. Arterial blood samples were
collected at 1, 2, 5, 10, 20, and 40 min after injection. Bile samples were collected
at 0-5, 5-10, 10-25, and 25-40 min after injection. To sample liver tissue, blood
flow was terminated by transection of the abdominal aorta and vein at 10, 20, and
40 min after injection, and the liver was quickly removed and homogenized.
Blood, bile, and liver samples were deproteinized by precipitation with
acetonitrile. After centrifugation (12000 rpm, 2 min, 0 °C), the supernatants were
applied to RP-18 TLC plates (Merck KGaA, Darmstadt, Germany).

Plates were developed at room temperature with acetonitrile/water/acetic acid
(50:50:0.75) as a mobile phase. After migration, plates were dried and exposed
to BAS SR2040 imaging plates (Fuji Film, Tokyo, Japan) for 90-360 min. The
distribution of radioactivity on the imaging plates was determined with digital PSL
autoradiography using a Fuji BAS-5000 analyzer, and the data were analyzed
using the MultiGauge image analysis program (Fuji Film). Rf value was

determined PTV-F1 and a lactone form of PTV-F1 which was synthesized[14].

Kinetic analyses of PET data to determine the clearance of radioactivity
The initial uptake clearance of the radioactivity in the liver (CLuptake,liver) Was

calculated by integration plot analyses using the initial linear portion of the curves
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after [*8F]PTV-F1 administration (0.5-2 min). The CLuptake,iiver of [\8F]PTV-F1 was

estimated based on the following equation:

Xt,liver AUCO—t,blood

Ct,blood

= CLuptake,liver + Vg tiver: (1)

Ct,blood
where Xtiver, Ctblood, and AUCo-tblood represent the amount of radioactivity in the
liver at time t, the blood concentration of radioactivity at time t, and the area under
the blood concentration—time curve from time O to time t, respectively. For the
estimation of AUCo-tblood, the blood concentration—time curve of the radioactivity
was fitted to the two-exponential equation (Cst = Ae ™ + Be™®) to optimize
parameters (o, B, A, B). Then, AUCo-blood Was calculated using the following
equation:

A _ B _
AUCo—¢prooa = 3 (1—-e ™)+ 7 (1—ePr) (2)

CLuptake liver Was obtained from the initial slope of the plot of Xtiver/Ctblood VErsus
AUCo-t,blood/Ctblood. VE liver represents the initial distribution volume in the liver at
time 0, which was calculated from the y-intercept of the integration plot.

The canalicular efflux clearance of the radioactivity in the liver (CLintbile) Was
calculated by integration plot analyses using the later phase of the time-
radioactivity curves that maintained the linearity of the integration plot (4—13 min)
after [*8F]PTV-F1 administration. CLintpile Of radioactivity was estimated based on
the following equation:

Xepite = CLintpite X AUCo—t1iver + X, 3)
where Xtpile and AUCo-tliver represent the estimated radioactivity excreted into the
bile as the sum of the radioactivity in the gallbladder and bile duct and “intestine”

(the radioactivity in both intestinal tissue and luminal content) at time t, which
14



corresponds to the putative biliary-excreted radioactivity, and the area under the
hepatic concentration—time curve from time 0 to time t, respectively. Although we
did not experimentally confirm the relative contribution of biliary excretion and
intestinal secretion to the overall accumulation of the radioactivity in the intestine
in rats, we assumed that the radioactivity in the intestine mostly came from its
biliary excretion for the estimation of CLintbile Since previous report indicated that
93% of initially-administered radioactivity was collected in the bile for 96 hours
after intravenous administration of [*C]pitavastatin in bile duct-cannulated male
rats [15]. AUCo-tiiver Was calculated based on the linear trapezoidal rule. CLintbile
was obtained from the initial slope of the plot of Xipie versus AUCo-tiiver. XE
represents the initial distribution volume in the bile at time 0, which was calculated

from the y-intercept of the integration plot.

Statistical analysis
Student’s two-tailed t-test was used to identify significant differences in the
kinetic parameters between control rats, and rifampicin-treated rats or Bcrp KO

rats. Statistical significance was set at p < 0.05.
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Results

Biodistribution of radioactivity in the abdominal region after intravenous
administration of [8F]PTV-F1

The tissue distribution of radioactivity in normal SD rats over time after
administration of [*F]PTV-F1 is shown in Fig. 2 and Supplemental Table 1. In
normal SD rats without any concomitantly-administered drugs, the radioactivity
was predominantly present in the liver in the early phase (32.9 + 2.5%ID at 2 min)
and gradually moved into the intestine in the later phase (61.9 + 8.4%ID at 60
min), which suggests that a major part of the administered [*F]PTV-F1 was
subsequently excreted into the bile. Radioactivity was also detected in the kidney
at early time points after administration of [*®F]PTV-F1, but rapidly disappeared
within 10 min. However, no clear distribution of radioactivity to other tested organs
was observed. In the presence of rifampicin, as shown in Fig. 2, the amount of
the radioactivity accumulated in the liver and intestine was clearly less than that
in the absence of rifampicin, suggesting that hepatobiliary transport of [*F]PTV-

F1 was modified by coadministration of rifampicin, an OATP inhibitor.
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Radiometabolite analysis of [*F]PTV-F1 in blood, liver, and bile by TLC
autoradiography

In normal SD rats, the fraction of radioactivity from parent PTV-F1 and its
metabolites in blood, liver, and bile at the designated time points after [*F]PTV-
F1 administration was estimated by TLC autoradiography (Fig. 3, Supplemental
Table 2). Analysis of the TLC autoradiograms showed that virtually no metabolites
were detectable in the blood. In the liver extracts, one metabolite (M1) was barely
detectable after administration of [*8F]PTV-F1, but almost all radioactivity derived
from intact [*®F]PTV-F1 (95.0% at 40 min, Supplemental Table 2). As for bile
extracts, though a lactone form of PTV-F1[14] and two metabolites (M1 and M2)
were identified, 85.6% of the radioactivity was derived from intact [*®F]PTV-F1 at

40 min after [*®F]PTV-F1 administration (Supplemental Table 2).
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Effect of rifampicin coadministration on the time courses of radioactivity in
blood, liver, and intestine after intravenous bolus administration of
[*8F]PTV-F1 in rats

Radioactivity in blood samples was eliminated in a biphasic manner in both
control and rifampicin-treated rats (Fig. 4A). However, when rifampicin was
coadministered, elimination of the radioactivity was delayed and its blood AUCo-
30, hormalized by [*®F]PTV-F1 dose, was 3.4-fold larger in rifampicin-treated rats
compared with control SD rats (control (n = 8): 21.1 + 9.4 [% of dose/mL*min], +
rifampicin (n = 3): 71.1 £ 23.6 [% of dose/mL*min]). In the liver of control rats, a
maximum of 33.6 £ 5.0% of the injected dose was distributed at 4 min after
[*8F]PTV-F1 administration, and the radioactivity decreased until the end of the
PET scan (Fig. 4B). In rifampicin-treated rats, however, maximum radioactivity in
the liver (20.6 £ 3.1% at 5 min) was decreased to 61% of that in control rats and
liver-associated radioactivity decreased much more slowly over time, especially
in the earlier phase (5-15 min). As for the radioactivity in the intestine, it increased
over time with some time delay (~3 min) and reached 38.9 + 14.7% of the injected
dose at 30 min in control rats, whereas in rifampicin-treated rats, the maximum
radioactivity in the intestine at 30 min (21.1 = 3.5%) was dramatically reduced to

54% of that in control rats (Fig. 4C).
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Effect of rifampicin coadministration on the hepatic uptake and canalicular
efflux clearance of [®F]PTV-F1

The integration plots for hepatic uptake clearance and canalicular efflux
clearance are shown in Fig. 5 and their kinetic parameters are summarized in
Table 1. Linearity of the plot was maintained for a short time period between 0.5—
2 min for liver uptake. In rifampicin-treated rats, CLuptakeliver Was significantly
decreased to 27% of the control values. Regarding the canalicular efflux, the
linear range of the plot was reached between 4-13 min, because of the time lag
required for the radioactivity to reach the liver. The CLintbile Of the radioactivity in

rifampicin-treated rats was significantly decreased to 35% of the control values.
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Effect of Bcrp KO on the time courses of the radioactivity in blood, liver,
and intestine after intravenous bolus administration of [*¥F]PTV-F1 in rats
Radioactivity in blood samples was also eliminated in a biphasic manner in
Bcrp KO rats (Fig. 6A). The elimination of radioactivity was delayed at the later
phase, and its blood AUCo-30, normalized by [®F]PTV-F1 dose, was 2.1-fold
larger in Bcrp KO rats compared with control SD rats (Bcrp KO rats (n = 3): 43.7
+ 8.6 [% of dose/mL*min]). In the liver of Bcrp KO rats, maximum radioactivity
(39.7 £ 6.4% of dose at 4 min) was slightly increased to 118% of that in control
rats. Overall radioactivity in the liver tended to be higher in Bcrp KO mice than in
control SD rats, although that difference did not reach statistical significance. As
for the radioactivity in the intestine, its time course in Bcrp KO rats was not

different from that in control rats.
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Effect of Bcrp gene KO on the hepatic uptake and canalicular efflux
clearance of [*®F]PTV-F1

The integration plots for hepatic uptake clearance and canalicular efflux
clearance are shown in Fig. 7, and their kinetic parameters are summarized in
Table 1. CLuptake liver Was not significantly different between control and Bcrp KO
rats. Regarding canalicular efflux, the CLintbile Of the radioactivity showed a slight,

but not statistically significant, decrease by Bcrp KO.
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Discussion

In the present study, kinetic analyses of the hepatobiliary transport of
[*8F]PTV-F1 in rats were carried out using PET imaging as a feasibility study. As
expected, coadministration of rifampicin, a typical OATP inhibitor, reduced both
hepatic uptake and canalicular efflux clearance, confirming that membrane
transport of [*F]PTV-F1 was mainly mediated by transporters in the rat liver.
Regarding [*®F]PTV-F1's canalicular efflux, contrary to our expectations from the
previous pharmacokinetic analyses of pitavastatin in mice [10], Bcrp does not
have a major impact on it in rats.

After intravenous administration of [*8F]JPTV-F1 in control rats, radioactivity
accumulated primarily in the liver and, to a lesser extent, in the kidney (Fig. 2,
Supplemental Table 1). Previous whole-body autoradiography of rats after
intravenous administration of [1*C]pitavastatin indicated that radioactivity mainly
accumulated in the liver and kidney at 2.5 min, while high levels of radioactivity
were found in the liver and intestine at 60 min[15]. This is consistent with the
tissue distribution pattern of [*®F]PTV-F1 (Supplemental Table 1). The
radioactivity in the liver of control SD rats at 2, 5, 10, 15, and 30 min, obtained
from PET imaging, was estimated to be 31 + 5%, 33 + 5%, 26 + 6%, 20 + 7%,
and 13 + 11% (mean £ SD) of the injected dose, respectively (Fig. 4). These data
are very similar to the data obtained from the separate conventional
biodistribution study (Supplemental Table 1), suggesting that ROIs of liver were
delineated properly.

The fraction of unchanged PTV-F1 in the total radioactivity in blood, liver and

bile after intravenous administration of [*®F]PTV-F1 was evaluated using TLC.
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Metabolites were virtually untraceable in the blood, while very low amounts of
one metabolite (M1) were detected in the liver, and lactone form of PTV-F1, as
well as two other metabolites (M1, M2), was detected in the bile. Our analyses
indicated that most of the radioactivity was derived from parent PTV-F1 and that
kinetic parameters estimated from this PET study should correctly reflect the
hepatobiliary transport of PTV-F1 itself. In the case of pitavastatin, a previous
study showed that 84%, 95%, and 85% of the total radioactivity was derived from
parent pitavastatin in plasma, liver, and bile at 60 min after intravenous
administration of [*“C]pitavastatin, respectively[15]. These results confirm that
PTV-F1, as well as pitavastatin, can be categorized as nonmetabolized types of
statin, at least in rats.

Although we have not measured the cumulative radioactivity in the feces and
urine for a long time after intravenous administration of [*F]PTV-F1 in rats,
considering the similar time profiles of the tissue distribution including little
accumulation in the kidney of PTV-F1 and pitavastatin[15], we consider that PTV-
F1 is mostly excreted into bile in an unchanged form.

When rifampicin was coadministered, blood concentration of the radioactivity
became significantly higher even at 2 min after [*®F]JPTV-F1 administration
compared with control rats, and radioactivity in the liver and intestine was
significantly lower. In the current study, the same protocol of rifampicin
administration (constant infusion of 1.5 umol/min/kg for >90 min) was applied as
that used in the previous PET studies with ['C]dehydropravastatin and
[Y*C]telmisartan[5, 7]. Under this condition, unbound blood concentration of

rifampicin was 11-13 uM at steady state in rats, which is high enough to potently
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inhibit rat Oatpla4 (Ki= 1.46 uM) and Oatplb2 (Ki= 0.79 uM) and to partly inhibit
rat Oatplal (Ki = 18.2 uM) [16, 17]. Then, hepatic uptake clearance (CLuptake,liver)
was determined using integration plot analyses. CLuptake,iiver Of [\8F]PTV-F1 was
decreased to 27% of the control by coadministration of rifampicin. Compared with
our results, the degree of decrease in CLuptake iver Of [*C]telmisartan (65% of
control) and [*C]dehydropravastatin (69% of control) was relatively smaller[5, 7].
This can be explained partly because CLuptake iiver Values of [!C]telmisartan and
[*!C]dehydropravastatin were almost equal to the hepatic blood flow rate, while
that of [*®F]PTV-F1 was ca. one-sixth of the hepatic blood flow rate. Thus,
compared with other reported probes, [*®F]PTV-F1 has a higher sensitivity for
detecting the inhibitory effect of drugs on hepatic OATP1B transporters. In vitro
uptake clearance of pitavastatin into rat hepatocytes was reported to be 121-444
uL/min/mg protein[18, 19], which corresponds to a CLuptakeliver Of 10.4—-26.1
mL/min/kg, assuming a well-stirred model with physiological scaling factors[19]
(1.2 x 108 cells/g liver, 41.29 liver/kg; fs of pitavastatin in rats = 0.021). Thus,
hepatic uptake clearance of [*®F]PTV-F1 is almost comparable to that of
pitavastatin in rats. On the other hand, initial distribution volume in the liver was
significantly changed in the presence of rifampicin (Table. 1). Since the value of
Y-intercept in the integration plot is small and largely depends on the range of
data used for the determination of initial slope by line fitting and individual data
are very variable, we do not want to go into its interpretation further.

Canalicular efflux clearance (CLintbie) of [*®F]PTV-F1 was also decreased to

35% of control by rifampicin coadministration as reported previously with
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[**C]dehydropravastatin (41% of control)[7]. Though exact mechanism of the
canalicular efflux of dehydropravastatin has not been clarified, genetic deficiency
of Mrp2 almost impaired the biliary excretion of pravastatin in rats[11], thus
decreased excretion of dehydropravastatin by rifampicin was thought to be
mainly caused by the inhibition of Mrp2. However, our previous study indicated
that canalicular efflux of pitavastatin was not mediated by Mrp2 in rats[10].
According to the University of Washington Metabolism and Transport Drug
Interaction Database, the geometric mean values of reported half-maximal
inhibitory concentration of rifampicin for human P-gp, MRP2, and BCRP are 53.6
uM (range: 4.3-279 uM), 33.9 uM (range: 7.9-144 uM), and 47.6 uM (range: 14—
461 uM), respectively. Considering that rifampicin actively accumulates in the
liver and that Mrp2-mediated transport of the radioactivity of PET ligands was
decreased by rifampicin[5, 7], all these transporters are possibly inhibited by
rifampicin coadministration to a similar extent. In mice, pitavastatin was excreted
into the bile mainly via Bcrp[10]. Then, the relative contribution of Bcrp to the
overall biliary excretion of [*F]PTV-F1 was investigated with Bcrp KO rats.
Surprisingly, canalicular efflux clearance of [*¥F]PTV-F1 radioactivity was not
significantly different between Bcrp KO and control rats. We have not checked
whether PTV-F1 is a substrate of rat Bcrp or not due to the limited availability of
PTV-F1 for in vitro transport experiments. Thus, it is possible that pitavastatin and
PTV-F1 are recognized by Bcrp differently as substrates. Alternatively, it is
possible that each single isoform of efflux transporter did not exclusively dominate

the canalicular efflux of [*8F]PTV-F1. Further analyses are needed to rationally
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explain this phenomenon by comparing the hepatobiliary transport of [*8F]PTV-
F1 and ['®F]pitavastatin, whose synthesis strategy was also recently
established[13], in KO rats of each efflux transporter.

In summary, we quantitatively detected changes in the hepatobiliary transport
of a novel [*8F]-labeled, nonmetabolized type of PET ligand, [*®F]PTV-F1, when it
is coadministrated with rifampicin, a typical OATP inhibitor in rats. [\8F]PTV-F1 is
suitable for the sensitive detection of functional changes in OATP transporters
due to drug—drug interactions or some other special occasions because hepatic
clearance was not limited by hepatic blood flow rate. This pharmacokinetic
property is also applicable in humans; thus, it is expected that [*®F]PTV-F1
performs similarly in detecting functional changes in OATP1Bs in human PET
study. However, canalicular efflux of [*8F]PTV-F1-derived radioactivity decreased
by rifampicin administration, but Bcrp did not significantly contribute to its
canalicular efflux. If the molecular mechanisms of canalicular efflux of PTV-F1 are
clarified, it will be used as a novel type of anionic PET probe whose responsible
biliary excretion transporter is distinct from MRP2, that is different from the

reported PET probes of OATP substrates.
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Figure legends

Figure 1. Chemical structure of [*8F]PTV-F1 and pitavastatin

Figure 2. Representative color-coded PET images of rat abdominal region after
intravenous administration of [*®F]PTV-F1.

Coronal maximum intensity projection PET images of radioactivity in the
abdominal region were captured at 2, 5, 10, 20, and 30 min in control (A) and

rifampicin-treated (B) rats.

Figure 3. Representative TLC autoradiograms of blood, liver, and bile extracts in
rats after intravenous administration of [*®F]PTV-F1

Each line represents authentic [*®F]PTV-F1 sample (PTV-F1(aus.)), and blood,
liver and bile extract samples collected at the designated time points after
intravenous administration of [*®F]PTV-F1. We have confirmed that the location
of the PTV-F1 lactone band is identical to the Rf values of PTV-F1 lactone created

by ourselves (Rf = 0.13-0.14).

Figure 4. Time profiles of the radioactivity in the blood (A), liver (B), and intestine
(C) after intravenous administration of [*®F]PTV-F1 in control and rifampicin-
treated rats.

Time profiles of the radioactivity (mean £ SD) in the blood (A), liver (B), and
intestine (C) were determined by serial PET images of the abdominal region over
a 30-min period after administration of [*8F]PTV-F1 in control (open circle; n = 8)

and rifampicin-treated (closed circle; n = 3) rats.
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Figure 5. Integration plots for the determination of hepatic uptake (A) and
canalicular efflux (B) after intravenous administration of [*8F]PTV-F1 in control
and rifampicin-treated rats.

Integration plots were drawn for the hepatic uptake (A) and canalicular efflux (B)
in control (open circle; n = 8) and rifampicin-treated (closed circle; n = 3) rats.
Each dotted line of the integration plot represents the initial slope of the plots

(averaged values). The data represent the mean + SD.

Figure 6. Time profiles of the radioactivity in the blood (A), liver (B), and intestine
(C) after intravenous administration of [*8F]PTV-F1 in control and Bcrp KO rats.

Time profiles of the radioactivity (mean + SD) in the blood (A), liver (B), and
intestine (C) were determined by serial PET images of the abdominal region over
a 30-min period after [*®F]PTV-F1 administration in control (open circle; n = 8)

and Bcrp KO (closed circle; n = 3) rats.

Figure 7. Integration plots for the determination of hepatic uptake (A) and
canalicular efflux (B) after intravenous administration of [*®F]PTV-F1 in control
and Bcrp KO rats.

Integration plots were drawn for the hepatic uptake (A) and canalicular efflux (B)
in control (open circle; n = 8) and rifampicin-treated (closed circle; n = 3) rats.
Each dotted line of integration plot represents the initial slope of the plots

(averaged values). The data represent the mean £+ SD.
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Table 1. Effects of rifampicin coadministration and Bcrp KO on the hepatic

uptake clearance, canalicular efflux clearance and initial distribution volume in

the liver at time O of the radioactivity in rats after intravenous administration of

[8F]PTV-F1

CLuptake,liver Vq CLintpile

(mL/min/kg) (mL/kg) (mL/min/kg)
Control 106 +3.6 -0.502 +1.461 0.685 + 0.334
+ Rifampicin 2.87 £ 0.24* 1.86 +0.27** 0.237 + 0.045*
Bcrp-KO 8.20£1.90 0.446 £ 0.216 0.435+0.071

** p <0.01. *: p <0.05 vs control.
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