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Abstract

Using positron emission tomography (PET) imaging we assessed /17 vivo the interaction between a
microdose of (R)-[11C]verapamil, a P-glycoprotein (Pgp) substrate, and escalating doses of the
Pgp inhibitor tariquidar (3, 4, 6 and 8 mg/kg) at the blood-brain barrier (BBB) of healthy human
subjects. We compared the dose-response relationship of tariquidar in humans with data obtained
in rats using similar methodology. Tariquidar was equipotent in humans and rats to increase (A)-
[11C]verapamil brain uptake, expressed as whole brain volume of distribution (V4), with very
similar half-maximum effect concentrations. Both in humans and rats, brain V4s approached
plateau levels at tariquidar plasma concentrations >1,000 ng/mL. However, Pgp inhibition in
humans only led to 2.7-fold increase in brain V4 relative to baseline scans without tariquidar
compared to 11.0-fold in rats. The results of this translational study add to the accumulating
evidence of marked species-dependent differences in Pgp expression and functionality at the BBB.
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Introduction

The adenosine triphosphate (ATP) binding cassette (ABC) transporter P-glycoprotein (Pgp,
ABCB1) is expressed in the luminal membrane of the small intestine and blood-brain barrier
(BBB), and in the apical membranes of excretory cells such as hepatocytes and kidney
proximal tubule epithelia (1). Pgp actively transports a wide range of structurally diverse,
mostly lipophilic, compounds against concentration gradients. Accordingly, there is an
increasing demand by regulatory authorities to assess the interaction profile of new drug
candidates with Pgp and other ABC transporters. Transport of drug candidates by Pgp is
mostly considered a highly undesired property as it may have a significant impact on drug
absorption, distribution and excretion or lead to drug-drug interactions (DDIs) with co-
administered Pgp modulating drugs. In addition, polymorphisms in the ABCBI gene may
lead to variable pharmacokinetics of Pgp substrate drugs (2). Examples of clinically relevant
Pgp-mediated DDIs include interaction of digoxin with quinidine, ritonavir, dronedarone or
ranolazine pharmacokinetics (1).

At the BBB, Pgp limits brain entry of several known drugs targeting the central nervous
system, such as different anticancer, antiviral and antiepileptic drugs, thereby preventing
therapeutically effective drug levels in the brain (3). Many drugs fail in late stage of clinical
development because of reduced efficacy, or increased toxicity because they reach toxic
concentration levels in areas affected differently by Pgp extrusion than the target area.
Consequently, it is important to accurately predict the impact of Pgp efflux on drug brain
distribution in humans during drug development. Several different approaches are available,
including /n silico, in vitroand in vivo methods (4). A commonly used /n vivo approach
compares brain distribution of candidate drugs in wild-type versus Pgp knockout (Mdrla/
H7)) mice. However, this approach overestimates the influence of Pgp on drug brain
distribution in humans as it represents a “worst case” scenario, with no Pgp activity at the
BBB. Furthermore, there is evidence for differences between rodents and humans in the
expression levels (5) as well as in substrate and inhibitor specificity of Pgp and other ABC
transporters, which often show overlapping affinity for Pgp substrates (6-10). In general, a
better methodology is urgently needed to better understand species-dependent differences in
Pgp. This would greatly improve our ability to predict human data either by direct
measurement or by extrapolation from rodent data.

A highly powerful translational research tool to assess brain distribution of radiolabeled
drugs is the non-invasive nuclear imaging method positron emission tomography (PET)
(11). PET imaging with radiolabeled Pgp substrates, such as racemic [*1C]verapamil, (R)-
[11C]verapamil, [*1C]loperamide or [11C]-A-desmethyl-loperamide, has been used to assess
DDls with Pgp modulators, such as cyclosporine A, valspodar and tariquidar, at the BBB,
both in animals and humans (12-21). Results from these studies suggest that Pgp is less
critical for drug distribution in the human than the rodent brain (22). However, whereas it
was possible to employ different doses of Pgp modulators in animal studies (12,19) to
provide dose-response relationships, this has not been done in human studies except for one
radiotracer (20).

In the present study we assessed the effect of escalating doses of the potent third-generation
Pgp inhibitor tariquidar (XR9576) (23) on brain uptake of a microdose of the radiolabeled
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model Pgp substrate (R)-[11C]verapamil (16,24-26) in healthy human subjects and
compared the dose-response relationship of tariquidar with previously acquired rat data (19)
providing us with the unique opportunity to directly compare the influence of Pgp on drug
brain distribution in rodents and humans.

Supplementary Table S1 online summarizes all adverse events which occurred during the
study. Tariquidar was generally well tolerated. The most common side effects for which a
relationship with the study drug could not be excluded were dysgeusia (6 out of 20 subjects)
and vertigo (3 subjects). All adverse events were considered mild except for one case of
moderate hypotension. In this subject the tariquidar infusion was stopped 20 min
prematurely resulting in an administered tariquidar dose of 7.2 mg/kg. After discontinuing
the infusion, the subject recovered quickly and the PET scan and other procedures were
done as scheduled. Data from this subject were included in the 8 mg/kg dose group.

Administration of tariquidar at different doses did not affect the concentration of
unmetabolized (R)-[*1C]verapamil in plasma (Figure 1). Pairwise comparison of the areas
under the curve (AUC) from 0-40 min in Figure 1 of the 0 mg/kg dose group with the other
dose groups gave Pvalues >0.2 (Student’s 2-sided t-test). Increasing doses of tariquidar
resulted in a dose-dependent increase in brain concentration of (/)-[11C]verapamil activity
(Figure 2). In scans without tariquidar administration, brain activity uptake was low with the
highest activity uptake observed in choroid plexus and venous sinus (Figure 2a), whereas
under conditions of Pgp inhibition activity uptake was increased to similar levels throughout
the brain (Figure 2c). Figure 3 shows mean time-activity curves (TACSs) at baseline and after
administration of different tariquidar doses. There was a dose-dependent increase in brain
TACs following administration of the 2, 3, 4 and 6 mg/kg tariquidar doses. However, mean
TACs of the 8 mg/kg dose group were lower than for the 6 mg/kg dose group, which is
possibly due to lower tariquidar plasma levels at the end of the PET scan in 2 subjects of the
8 mg/kg dose group (Supplementary Table S2 online). PET data were analyzed
quantitatively using 2-tissue-4-rate constant (2T4K) and 1-tissue-2-rate constant (1T2K)
compartment models. Table 1 summarizes model outcome parameters for the different dose
groups. Volume of distribution ( V4, 2T4K model), influx rate constant (K7, 2T4K model)
and K7 (1T2K model) were the most sensitive parameters showing dose-dependent increases
after administration of different tariquidar doses. Maximum increase relative to mean of
baseline scans (i.e. without tariquidar administration) was 2.7-fold for V4 (2T4K model),
3.3-fold for K7 (2T4K model) and 3.4-fold for K7 (1T2K model). Supplementary Table S2
online summarizes tariquidar plasma concentration levels at the start and the end of the PET
scan measured with liquid chromatography tandem mass spectrometry for the present study
and the previously published pilot study (17). Tariquidar plasma concentrations were nearly
constant through the duration of the PET scan in individual subjects, but concentration range
varied among different subjects pertaining to the different dose groups (281-1,312 ng/mL).
Sigmoidal Hill functions were fitted to absolute V4 increases (V- V4 baseline) and K3
increases (Ki-Kj baseline) at different tariquidar plasma concentrations and compared to
data obtained in our previous rat study (19) (Figure 4). Outcome parameters of the sigmoidal
fits are given in Table 2. Humans and rats showed similar half-maximum effect
concentrations (£Csq) of tariquidar for all effect measures. For enhancement of V4- V4
baseline, £Cg was 561+24 ng/mL in humans and 544432 ng/mL in rats. However,
maximum effect (Enax) Values were 13-16-fold higher in rats than in humans. On the other
hand, Hill coefficients (/) were lower in rats than in humans, pointing to different
cooperativities in Pgp binding.
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Discussion

Tariquidar has been developed as a potent third-generation Pgp inhibitor to overcome
multidrug resistance in cancer (23). It has been tested in phase 1-3 clinical trials at doses up
to 2 mg/kg. Its ability to inhibit Pgp /n vivo has been assessed by studying rhodamine-123
efflux in CD56-positive lymphocytes as a surrogate marker, demonstrating that a single
intravenous (i.v.) dose of 2 mg/kg tariquidar blocks Pgp in CD56-positive lymphocytes by
100% over 24 h (27). However, at the human BBB the 2 mg/kg dose was shown to exert
only a small effect (+25%) on increasing brain penetration of the Pgp substrates ()-
[11C]verapamil (17) and [*1C]-A+desmethyl-loperamide (20) suggesting that Pgp at the BBB
is more resistant to inhibition than peripheral Pgp (28).

As we have previously shown in rats that performing (R)-[*1C]verapamil PET scans after
half-maximum inhibition of Pgp by tariquidar is better suited to assess regional differences
in cerebral Pgp function than baseline scans alone (29), we were interested in identifying the
ECxy of tariquidar in humans in order to translate this concept to a clinical study protocol.
Remarkably, our study showed that tariquidar was equipotent in rats and humans to inhibit
Pgp at the BBB with very similar £Csq values (Table 2). This finding is noteworthy as for
several other Pgp inhibitors species-dependent differences in inhibitory effects have been
reported, both /n vitroand in vivo (7-8). Moreover, we found that tariquidar was well
tolerated at doses 4-times the clinically tried and lacked pharmacokinetic interactions with
(R)-[11C]verapamil (Figure 1), showing its superiority over cyclosporine A to study Pgp
inhibition at the BBB. Furthermore, we have shown in previous studies that administration
of tariquidar does not influence the degree of plasma protein binding of (R)-[*1C]verapamil
(17,19). Apart from Pgp, tariquidar also inhibits breast cancer resistance protein (BCRP,
ABCG2), another important ABC transporter expressed at the BBB (30). As (R)-
[11C]verapamil is not transported by BCRP at the BBB (31) we were able to selectively
study cerebral Pgp inhibition using a combination of (/)-[*1C]verapamil and tariquidar.

In accordance with previous Pgp inhibition studies both in animals and humans (15-20,32),
V4 and K, as calculated with a 2T4K compartment model, increased dose-dependently after
tariquidar administration (Table 1, Figure 4). To minimize the influence on modeling
outcome parameters of radiolabeled (R)-[11C]verapamil metabolites, which are partly taken
up into brain tissue independent of Pgp function and partly also display Pgp substrate
properties (24,26), we only used first 10 min of PET data for analysis (32) (Table 1). K}
values derived from the 1T2K model (0-10 min) were very similar to K3 values from the
2T4K model (0-40 min) arguing against a significant effect of (R)-[11C]verapamil
metabolites on model-derived K; values (Table 1).

We observed a 2.5-fold whole brain V4 increase of (R)-[11C]verapamil after 6 mg/kg
tariquidar. Kreisl et al. (20) recently studied the effect of escalating tariquidar doses (up to 6
mg/kg) on brain uptake of [11C]- A-desmethyl-loperamide in healthy human subjects. After
the 6 mg/kg tariquidar dose, there was a 4-fold maximum increase of brain activity uptake
(area under the cerebellar TAC from 10-30 min) compared to baseline scans without
tariquidar. This difference is most likely due to the 2-fold lower baseline brain uptake of
[11C]- V-desmethyl-loperamide as compared to (R)-[11C]verapamil suggesting that [11C]-A-
desmethyl-loperamide is more efficiently transported by Pgp than (R)-[11C]verapamil. This
is reasonable to assume as it is known that loperamide is a more avid Pgp substrate than
verapamil (33). Kreisl and colleagues (20) did not use kinetic modeling in all subjects to
provide quantitative measures of radiotracer brain distribution (V4, K3), nor did they report
tariquidar plasma concentrations which makes it difficult to compare the (/)-
[1C]verapamil/tariquidar DDI described in our study with the [11C]- A-desmethyl-
loperamide/tariquidar DDI.
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Nearly identical methodology as in a previous rat study (19) was used in the present clinical
study which provided us with the unique opportunity to directly compare rat and human
data. In rats, after bolus administration of 30 mg/kg tariquidar plasma concentrations up to
7,000 ng/mL were achieved at the time of the PET scan (19). In humans, the maximum
administered tariquidar dose was 8 mg/kg, resulting in plasma concentrations up to 1,312
ng/mL at time of PET (Supplementary Table S2 online). In our study, tariquidar plasma
levels did not increase linearly with administered dose, which is likely due to the fact that
we had to prolong infusion with increasing tariquidar doses for safety reasons. Elimination
of tariquidar from plasma was slow (terminal elimination half-life, 13-23 h (17)) resulting in
stable plasma levels over the time course of the 1 h PET scan (Supplementary Table S2
online).

(R)-[L1C]verapamil baseline whole brain V4s were about 2-fold lower in humans than in rats
(0.66£0.12 versus 1.27+0.15) which is unexpected given recent findings of about 3-fold
higher Pgp expression levels at the rodent as compared to the human BBB (5). However,
possible differences in Pgp activity or expression between rats and humans could have been
blunted in the baseline scans by differences in radiotracer metabolism leading to a higher
percentage of brain-penetrating radiolabeled metabolites in plasma of rats than in humans
(19). Another factor which could explain the differences in (R)-[}1C]verapamil baseline
brain V4s could be different unbound fractions of (R)-[11C]verapamil in plasma of rats and
humans. However, we have found previously that plasma unbound fractions of (#)-
[11C]verapamil were almost identical in rats and humans (rats: 0.069+0.02; humans:
0.070+0.02) (17).

Both in the rat and the human study, brain uptake of (/)-[*1C]verapamil approached plateau
values after administration of increasing tariquidar doses, essentially at tariquidar plasma
concentrations >1,000 ng/mL (Figure 4). Whereas it seems likely that complete inhibition of
Pgp was reached at the rat BBB, as indicated by comparable activity concentration levels in
rat brain after administration of tariquidar doses >6 mg/kg and in brains of Maria/t{~/")
mice (31), it is not known whether the observed plateau indeed represented full Pgp
inhibition in the human study.

We found a most striking difference in the concentration response-relationships of tariquidar
with a 2.7-fold maximum increase in brain activity uptake compared to baseline in humans
versus an 11.0-fold increase in rats (Figure 4). Similar differences between rats and humans
have recently been pointed out for the [11C]loperamide/cyclosporine A DDI at the BBB
(34), although they were based on only one single dose level of cyclosporine A for the
human study (21). [*1C]Verapamil brain uptake increased by 88% compared to baseline in
humans after i.v. infusion of cyclosporine A (2.5 mg/kg/h) (13) whereas maximum increases
of 1290% were found in a dose escalation study in rats (35). The observation that this
pronounced difference in the magnitude of the Pgp inhibitory effect at the rat and human
BBB is not specific for the (R)-[11C]verapamil/tariquidar pair widely excludes the
possibility that it might be only related to species-dependent differences in the
pharmacokinetic and/or pharmacodynamic properties of the investigated compounds. A
possible explanation for the observed differences in our study could be that, as opposed to
rats, Pgp was only partially inhibited in humans, i.e. that radiotracer was still actively
effluxed from brain under conditions of Pgp inhibition. In mice, the half-maximum effect
dose (EDsg) of tariquidar to inhibit rhodamine-123 efflux in CD56-positive lymphocytes
was shown to be 25-fold lower than the £Dgq for enhancement of the brain-to-plasma ratio
of loperamide (28). This was interpreted in a way that inhibitor first has to diffuse through
the cellular membrane before it can reach the Pgp binding site facing the cytosol and that
this diffusion barrier might be higher at the BBB than in peripheral cells (36). In analogy, it
can be speculated that Pgp at the human BBB might be less accessible to inhibitor than Pgp
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at the rat BBB leading to the observed differences in maximum inhibitory effects. Moreover,
it has recently been shown that brain uptake of [11C]-A-desmethyl-loperamide depends on
cerebral blood flow under conditions of Pgp inhibition (15). Thus it is possible that
differences in cerebral blood flow could have contributed to the observed differences in
maximum (/)-[*1C]verapamil brain uptake as cerebral blood flow is higher in rats than in
humans (37).

Taken together, our observation that drug brain distribution in humans was enhanced to a
much lower degree under conditions of Pgp inhibition than in rodents adds to the
accumulating evidence of marked species differences in Pgp expression and functionality at
the BBB. Extending our translational DDI study to other sets of substrate/inhibitor pairs
might help to provide a general understanding of the mechanisms underlying the observed
species-dependent differences in drug brain distribution.

The study protocol was approved by the Ethics Committee of the Medical University of
Vienna and was performed in accordance with the Declaration of Helsinki (1964) in the
revised version of 2000 (Edinburgh), the Guidelines of the International Conference of
Harmonization, the Good Clinical Practice Guidelines, and the Austrian drug law
(Arzneimittelgesetz). All subjects were given a detailed description of the study, and their
written consent was obtained before entry into the study.

The study was designed as a clinical study with escalating doses of 3, 4, 6 and 8 mg/kg body
weight tariquidar. 20 healthy male subjects with a mean age of 31.1, standard deviation (SD)
+8.4 years and a mean body weight of 79.4+11.8 kg were included into the study and
randomized to the 4 dose groups (5 subjects per dose group). Subjects were defined as
healthy based on subjects’ medical history, physical examination, routine blood and urine
laboratory testing (including chemistries, complete blood count, liver and renal function
tests), blood pressure, heart rate and electrocardiography (ECG). Subjects were free of any
medication for at least 14 days before the study day. Data of this study were pooled with
data from a previously published pilot study, in which five healthy subjects had undergone
(R)-[*1C]verapamil PET scans before and after i.v. infusion of 2 mg/kg tariquidar (17).

Study medication

10-mL vials of tariquidar for i.v. infusion containing 7.5 mg/mL of tariquidar free base in
20% ethanol/80% propylene glycol were provided by AzaTrius Pharmaceuticals Pvt Ltd
(London, UK). For the 3 mg/kg dose group, the volume (mL) of concentrate for injection
was calculated as: body weight (kg) x 3/7.5. To the calculated volume of concentrate,
aqueous dextrose solution (5%, w/v) was added to yield a final volume of 250 mL, which
was administered i.v. viaan antecubital vein over 30 min (17). As there is evidence that the
co-solvent of tariquidar vials for i.v. infusion can cause hemolysis at concentrations >14.4%
(38) a slightly modified administration schedule was adopted for the 4, 6 and 8 mg/kg dose
groups (20). In brief, tariquidar was diluted in 5% dextrose solution to a fixed concentration
of 0.6 mg/mL and infused i.v. at a rate of 375 mL/h until achieving the target dose.

Data acquisition

For safety reasons, the first two subjects of each dose group received the tariquidar infusion
only, whereas the following three subjects underwent (R)-[11C]verapamil PET imaging at
63+3 min after end of tariquidar infusion. (R)-[*1C]verapamil (379+9 MBq), containing <20
g of unlabeled (R)-verapamil, was injected i.v. over 20 s and a dynamic PET scan
consisting of 20 frames was recorded on an Advance PET scanner (GE Medical Systems,
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Wukesha, WI, USA) for 60 min. During the PET scan arterial blood was manually sampled
at approximately 5 s intervals for the first 2.5 min, then at time points of 3.5, 5, 10, 20, 30,
40, and 60 min after radiotracer injection. For analysis of radiolabeled metabolites of (/)-
[11C]verapamil a previously described combined solid-phase extraction/high-performance
liquid chromatography (HPLC) assay was used (39). For construction of an arterial input
function the arterial plasma activity data were corrected for polar [11C]metabolites of (R)-
[11C]verapamil as described previously (17). As data were pooled with data from the pilot
study, only the first 40 min of the PET and arterial input data were considered for kinetic
modeling analysis (see below). In addition, AUCs from time 0 to 40 min were calculated for
TACs of unmetabolized (#)-[*1C]verapamil in arterial plasma, normalized to the injected
radiotracer amount per body weight and expressed as standardized uptake value (SUV), with
a noncompartmental model using the Kinetica 2000 software package, version 3.0
(InnaPhase, Philadelphia, USA). At the start and the end of the PET scan venous blood
samples (4 mL) were withdrawn in order to measure tariquidar concentration levels.

Determination of tariquidar plasma levels

The concentration of tariquidar in plasma was measured using a Dionex UltiMate 3000
system (Dionex Corp., Sunnyvale, CA, USA) connected with an API 4000 triple-quadrupole
mass spectrometer (Applied Biosystems, Concord, Ontario, Canada). After addition of 200
pL of methanol to 100 pL of plasma, the samples were centrifuged (5,000 g for 5 min at
4°C) and 80 p.L of the clear supernatant was injected onto the HPLC column. Separation of
tariquidar was carried out at 35°C using a Hypersil BDS-C18 column (5 pm, 250 x 4.6 mm
I.D., Thermo Fisher Scientific, Inc, Waltham, MA, USA), preceded by a Hypersil BDS-C18
pre-column (5 wm, 10 x 4.6 mm 1.D.). The mobile phase consisted of a continuous linear
gradient, mixed from 10 mM ammonium acetate/acetic acid buffer, pH 5.0 and methanol.
Linear calibration curves were generated by spiking drug-free plasma with standard
solutions of tariquidar (final concentrations ranging from 0.005 to 5 pg/mL). The lower
limit of detection of tariquidar was 3 ng/mL and the lower limit of quantification 5 ng/mL.

Imaging data analysis

PET and high-resolution 3 tesla T1 weighed magnetic resonance imaging (MRI) data, which
had been acquired within 3 weeks before or after the PET study day, were processed as
described previously (17). Whole brain grey matter TACs were extracted by using the
Hammersmith n30r83 three-dimensional maximum probability atlas of the human brain
(40), as described previously (17).

Kinetic modeling

A standard 2T4K compartment model was fitted to the (/)-[11C]verapamil TACs from time
zero to 40 min in whole brain grey matter (17,41) to estimate V4 as well as the rate
constants for transfer of activity between the plasma, the first and the second tissue
compartments (K1, ko, k3, ka). For the 2T4K model, Vit is given as (1+4sl ky) % (Ki/ ko) and
can be essentially considered as an estimate of the brain-to-plasma ratio of radioactivity at
equilibrium. As a second analysis approach, which has been proposed recently by Muzi et
al. (32), the influx rate constant of activity K; was estimated by using a 1T2K compartment
model fitted to only the first 10 min of the PET data, a time span where the contribution of
radiolabeled metabolites of (/)-[11C]verapamil to the PET signal can be considered
minimal.

Sigmoidal curves were fitted to different effect (£) measures (V- V4 baseline, 2T4K model;
Ki- K7 baseline, 2T4K model; Ki-Kj baseline, 1T2K model) plotted against tariquidar
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plasma concentrations using the following equation included in the OriginPro 7.5G software
package (OriginLab Corporation, Northampton, MA, USA):

Cl'l

E=E————,
M (ECs"+CM)

where Enyax is the maximum effect, Cthe tariquidar plasma concentration (ng/mL), £Csg the
half-maximum effect concentration of tariquidar (ng/mL), and 7 the Hill coefficient. To
enable better comparability with our rat data (19), where tariquidar plasma concentrations
could only be measured at the end of the PET scan, we also used tariquidar plasma
concentrations at the end of the PET scan for the human dataset.

Safety monitoring

Subjects were monitored for changes in ECG, blood pressure and heart rate before and at
least 7 time points during and until 24 h after tariquidar infusion. Blood laboratory tests
were repeated 24 h after end of tariquidar infusion and at final visit within one week
thereafter. At every visit adverse events were recorded.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Mean time-activity curves (standardized uptake value, SUV *standard deviation, SD) of
unmetabolized (/)-[L1C]verapamil in arterial plasma from 3.5 to 40 min after radiotracer
injection for baseline scans (i.e. without tariquidar administration, 7=5) and scans after
administration of 2 mg/kg tariquidar (/=5) and from 3.5 to 60 min after radiotracer injection
for scans after administration of 3, 4, 6 and 8 mg/kg tariquidar (/=3 per dose group).
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Figure 2.

Representative transaxial MRIs merged with (/)-[*1C]verapamil PET summation images
(0-40 min) for a baseline scan (a, taken from reference (17)) and scans after administration
of tariquidar at a dose of 3 mg/kg (b) and 8 mg/kg (c). Activity concentration is expressed as
standardized uptake value (SUV) and radiation scale is set from 0.1 to 3.0. Anatomical
structures are labeled using white arrows (v, ventricle; p, choroid plexus; s, venous sinus).
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Figure 3.

Mean time-activity curves (standardized uptake value, SUV+SD) of (R)-[11C]verapamil in
whole brain grey matter from 0 to 40 min after radiotracer injection for baseline scans (i.e.
without tariquidar administration, 7=5) and scans after administration of 2 mg/kg tariquidar
(rn=5) and from 0 to 60 min after radiotracer injection for scans after administration of 3, 4, 6

and 8 mg/kg tariquidar (/7=3 per dose group).
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Figure 4.
Relationship between tariquidar plasma levels (ng/mL) at the end of the PET scan and (R)-
[*1C]verapamil whole brain volume of distribution V4- V4 at baseline and influx rate
constant Ki-Kj at baseline derived from 2-tissue-4-rate constant compartment model from
0-40 min in humans (a, b) and from 0-60 min in Sprague-Dawley rats (c,d) (19) and
corresponding sigmoidal fits using the Hill function.
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Table 2

Parameter estimates for sigmoidal curve fits of tariquidar concentration versus effect
measures in humans and rats

Effect measure (human)b Ermax ECso (ng/mL) n R2
Vi—Vibaseline (2TaK)¢ -0 561+24 11.3:54  0.789
K;-K baseline (2T4K)C 0.061 £0.008  526+41 6.3+3.5 0.668
K,-K; baseline (1T2K)d 0.059+0.007  521+40 6.2+3.5 0.673
Effect measure (rat) © E max ECso (ng/mL)  n R2
ViV baseline® (2TaK)” 118203 544232 25:05 0974
1.0+0.1 441+81 1.9+0.8 0.812

KK baseline® (2T4K)”

Emax, maximum effect; £C50, half-maximum effect concentration of tariquidar in plasma (ng/mL); n, Hill coefficient; A’2 coefficient of
determination; VT, volume of distribution; K1, influx rate constant from plasma into first brain tissue compartment; 2T4K, 2-tissue-4-rate constant
compartment model; 1T2K, 1-tissue-2-rate constant compartment model.
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aTariquidar plasma concentrations at end of PET scan measured with liquid chromatography tandem mass spectrometry.
bBaseIine values in humans: VT (2T4K), 0.66+0.12; K1 (2T4K), 0.036+0.01; K1 (1T2K), 0.035+0.01.

cData from 0-40 min after radiotracer injection were used.

dData from 0-10 min after radiotracer injection were used.

eBaseIine values in rats: VT (2T4K), 1.27+0.15; K1 (2T4K), 0.16+0.05.

f. . . A
Data from 0-60 min after radiotracer injection were used.
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