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Abstract Background and objective: TZP-101 is a selective, small molecule ghrelin
receptor agonist in clinical development for the treatment of gastric motility
disorders. The objectives of this study was to assess pharmacokinetic para-
meters of TZP-101 after multiple- and single-dose administration to healthy
subjects and patients with gastroparesis, respectively, and to determine the
contribution of protein binding to its pharmacokinetic behaviour.

Methods: Pharmacokinetics following 30-minute intravenous infusions of
single (160—600 pg/kg) doses of TZP-101 in patients with gastroparesis and
multiple (80-600 pg/kg/day) doses of TZP-101 in healthy subjects were
characterized. TZP-101 protein binding was measured in human, dog, rat,
rabbit and monkey plasma using equilibrium dialysis.

Results: TZP-101 pharmacokinetic profiles were less than dose proportional
in both healthy subjects and patients, most likely because of concentration-
dependent protein binding. A small volume of distribution (99-180 mL/kg
following single doses) and long half-life (10-20 hours) were concentration
independent in both healthy subjects and patients. Systemic clearance in-
creased with increasing dose. Incidence of adverse events was not related to
dose or treatment (active vs placebo). TZP-101 binding to human plasma
proteins (primarily o;-acid glycoprotein) was 299% between 5 and 15 umol/L
(2.7 and 8.1 pg/mL) and was significantly higher than in other species.



410

Wargin et al.

Conclusions: The pharmacokinetic parameters of TZP-101 in patients
with gastroparesis and healthy subjects are comparable and display a similar
trend toward increased clearance at higher dose levels resulting in little
accumulation of TZP-101 at high dose levels and after multiple dosing.
Significant protein binding indicates that the fraction of free drug rather
than the total plasma concentration should be taken into consideration
for human risk assessment based on animal safety data. Furthermore, the
concentration of unbound drug should be considered when optimizing the

clinical dose.

Background

Ghrelin is the natural ligand for the growth
hormone secretagogue receptor (GHSR-1a) and
is locally produced in the gastric mucosa.l'! In
addition to stimulating GH secretion, the ghrelin
receptor pathway mediates multiple gastro-
intestinal (GI) functions, including motility./>3!
Ghrelin stimulates neuronal signaling in the
GI tract to promote gastroprokinetic responses
in individuals with compromised gastric func-
tion.*-%] Therefore, ghrelin receptor agonists may
have potential benefit in the treatment of acute
and chronic delayed GI motility disorders such as
gastroparesis and postoperative ileus.

Treatment options for gastroparesis, a chronic
disorder of gastric motility with increased preva-
lence in patients with diabetes mellitus,!” remain
limited, particularly for patients with severe symp-
toms.[®?1 Postoperative ileus, which frequently
occurs following abdominal surgery and is ex-
acerbated by opioid use for pain management, is
a transient condition that contributes to patient
morbidity and prolonged hospital stays.['%:11]
Treatments that are effective when used chroni-
cally or episodically are needed for management
of these dysmotility disorders.

TZP-101 [(4R,7S,10R,13R)-7-cyclopropyl-13-
(4-fluorobenzyl)-3-oxa-6,9,12,15-tetraaza-4,9,
10-trimethyl-4,5,6,7,10,12,13,15,16,17,18-undeca-
hydro-1,2-benzocyclooctadecene-8,11,14-trione] is
a selective, small molecule ghrelin receptor agonist
in clinical development as a treatment for gastric
dysmotility disorders. This macrocyclic peptido-
mimetic represents the first of a new class of
ghrelin receptor agonists that do not dupli-
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cate any portion of the sequence of ghrelin, nor
include the octanoyl moiety, or surrogate group,
required for activity of the endogenous hormone.
TZP-101 has enhanced metabolic stability and
high affinity (equilibrium dissociation constant
[K;] 22nmol/L) for the human type la GHSR
compared with ghrelin,['” and shows prokinetic
activity in animal models of dysmotility.['3] TZP-
101 is well tolerated in healthy subjects and pa-
tients with gastroparesis when administered as
single doses ranging from 20 to 600 ug/kg.['415]
TZP-101 produced significant reductions in solid
meal half-emptying and latency times in patients
with diabetes and symptomatic gastroparesis.!'!
A single-dose pharmacokinetic study in healthy
subjects showed that the pharmacokinetic profile
of TZP-101 was not dose proportional at doses
exceeding 160 pg/kg.['4

The objectives of the present study were to
assess the pharmacokinetic parameters of TZP-
101 after multiple- and single-dose administration
to healthy subjects and patients with gastropar-
esis, respectively, and to determine the contri-
bution of protein binding to the pharmacokinetic
behaviour of this agent.

Subjects and Methods

Study Participants

One randomized, double-blind, multiple-dose,
dose-escalation study enrolled healthy men and
women aged 18—45 years from a single centre in
the US between August and October 2006 (pro-
tocol CL-003). In a second randomized, double-
blind, single-dose, crossover study, men and
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women aged 18-65 years with type 1 or 2 diabetes
and a diagnosis of gastroparesis were enrolled at
two centres in Denmark and one centre in
Sweden from October 2006 to July 2007 (pro-
tocol CL-002). Both studies were conducted
according to the Declaration of Helsinki, Amend-
ment 5 (October 2000). Independent ethics com-
mittees and independent review boards approved
the protocols and all subjects and patients pro-
vided written informed consent.

Healthy subjects were eligible if they had no
evidence of acute or chronic illness, were non-
smokers, and had a body mass index (BMI)
between 22 and 25kg/m?. Eligible gastroparesis
patients were required to have normal upper
GI tract endoscopy results, no serious co-
morbidities, and gastroparesis characterized by
delayed gastric emptying and a 3-month history
of chronic upper abdominal discomfort with
two or more of the following symptoms: post-
prandial fullness, bloating, epigastric discomfort,
early satiety, belching after meals, and nausea
and vomiting.

In both studies, eligible women were post-
menopausal or permanently sterilized, or used
approved methods of contraception. Exclusion
criteria included use of any investigational drug
within the preceding 30 days and clinically
significant drug hypersensitivity.

Clinical Study Procedures

Healthy subjects under fasting conditions re-
ceived daily 30-minute intravenous infusions of
TZP-101 (80, 320 or 600 pg/kg) or placebo for
five consecutive days. Patients with gastroparesis
received 30-minute intravenous infusions of one
TZP-101 dose (160, 320 or 600 ug/kg). For both
studies, dose adjustments in subjects were not
initiated until a review of the safety data asso-
ciated with the previous dose level had been
completed. Dose selection was based on a pre-
vious single-dose safety and pharmacokinetic
study in healthy subjects.l!l In this study, TZP-
101 was well tolerated at doses of 20, 40, 80, 160,
320 and 600 pg/kg.

During the multiple-dose study in healthy
subjects, blood samples were collected for
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measurement of TZP-101 concentrations prior to
the start of the infusion and 0.5, 0.75, 1.0, 1.5, 2,
4, 6,12 and 24 hours after the start of the infusion
on dosing days 1 and 5. Additional samples were
collected at 48 and 72 hours after receiving the
last TZP-101 dose on day 5. Daily samples for
trough concentration assessment were taken
prior to the start of infusion of study drug on
days 2, 3 and 4. Urine samples were collected and
assayed for TZP-101 concentrations prior to
dosing on day 1 (0 hour) and at intervals from
0-4, 4-8, 812 and 12-24 hours after the start of
the day 5 infusion. A 72-hour faecal collection for
assessment of the amount of TZP-101 eliminated
in the faeces began at the start of the infusion
on day 5 and finished just prior to discharge
on day 8.

In the single-dose study in gastroparesis pa-
tients, blood samples for the measurement of
plasma TZP-101 concentrations were obtained
prior to the start of infusion and 0.25, 0.75, 1.5,
2, 3, 6, 12 and 24 hours after the start of the
infusion.

Safety

Vital signs, 12-lead ECGs and adverse events
were recorded during the 24-hour post-dose pe-
riods in the clinic and at follow-up (3 and 13 days
after final dosing day for patients with gastro-
paresis and healthy subjects, respectively). Hae-
matology and clinical chemistry assessments were
made at the follow-up visit. All randomized
healthy subjects and gastroparesis patients who
received at least one dose of study medication
were evaluated for safety.

Bioanalytical Methods

A high-performance liquid chromatographic
method using tandem mass spectrometric detec-
tion (HPLC-MS/MS) with a lower limit of
quantification (LLQ) of 20ng/mL and effective
working range between 20 and 20 000 ng/mL was
validated for specific quantification of TZP-101
in human plasma (Tandem Laboratories, Inc.,
Salt Lake City, UT, USA) as previously de-
scribed." An LC-MS/MS method was also
used with specificity for quantification of total

Clin Drug Invest 2009; 29 (6)



412

Wargin et al.

TZP-101 in human urine and faeces (Tandem
Laboratories, Inc., Salt Lake City, UT, USA).
The LLQ for urine samples was 2 ng/mL and the
effective working range of the assay was between
2 and 2000 ng/mL. For faecal samples, the LLQ
was 20 ng/g and the effective working range of the
assay was between 20 and 20 000 ng/g.

Protein Binding

The protein-binding profile of TZP-101 was
evaluated in human, cynomolgus monkey, beagle
dog, New Zealand white rabbit and Sprague-
Dawley rat plasma and in 1 mg/mL o,-acid gly-
coprotein (AAG) and 4% human serum albumin
(HSA) [AAG and HSA were purchased from
Sigma, St Louis, MO, USA]. Plasma or iso-
lated human protein solutions were spiked with
TZP-101 at concentrations ranging from 1 to
100 pmol/L. Plasma or solutions of purified
plasma protein containing TZP-101 were dia-
lysed in RED (Rapid Equilibrium Dialysis) de-
vices (Pierce, Rockford, IL, USA) against an
isotonic phosphate buffer at pH 7.4 for 6 hours at
37°C. The buffer (dialysate) and plasma (reten-
tate) samples were prepared for analysis by solid
phase extraction, and TZP-101 concentrations
were determined in triplicate samples by HPLC
with MS detection under standard industry con-
ditions for acceptance criteria.

TZP-101 and internal standard peaks were
integrated using MassLynx™ software version
4.0 (Waters Corp, Milford, MA, USA). Concen-
trations were calculated using the QuantLynx™
feature of the MassLynx™ software based on
quadratic regression of the calibration curves
(weighted 1/x) using the peak area ratio of analyte
to internal standard. The bound fraction of
TZP-101 was calculated from TZP-101 con-
centrations measured in the buffer (dialysate)
and plasma (retentate) compartments at equili-
brium. Data are presented as the mean of three
determinations.

Pharmacokinetic Analyses

Sample sizes for study participants were se-
lected empirically to adequately characterize the
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pharmacokinetics of single and multiple doses of
TZP-101.

Plasma TZP-101 concentration-time data
were analysed using a two-compartment phar-
macokinetic analysis with WinNonlin® Profes-
sional version 5.1 (Pharsight Inc., Mountain
View, CA, USA). Parameters for analysis of the
single-dose study included the observed peak
plasma drug concentration (C,,,y), the area under
the plasma concentration-time (AUC) curve
to the last sampling time at 24 hours (AUC,,)
and extrapolated to infinity after the single dose
(AUC.,,), the terminal elimination rate constant
(), the associated half-life (t,,), the volume of
distribution based on the terminal elimination
rate (V,), and systemic clearance (CL). The
5-day plasma profile of the multiple-dose study
was used to calculate the following parameters,
assuming steady-state conditions: the observed
maximum and minimum concentrations (C,ax ss»
Chinss)» the AUC during a steady-state dosing
interval (AUC,) and during the 24-hour interval
(AUC,4) on day 1, the accumulation ratio
(AUC/AUC,,), the volume of distribution at
steady state (V), total CL, A, and the terminal
phase t;,. Compartmental pharmacokinetic ana-
lysis was performed in the multidose study using
a two-compartment model and simultaneously
fitting the model to the day 1 profile, days 2
through 4 trough samples, the day 5 profile and
the terminal-phase samples on days 6-8. All va-
lues are presented as mean with standard devia-
tions (SDs).

The fractions of TZP-101 eliminated by the
faecal and urinary routes were estimated by
comparing the amounts of TZP-101 measured in
faecces and urine to the amount of TZP-101
dosed.

Results

A summary of the study design for pharmaco-
kinetic analyses is provided in table I.

Multiple-Dose Study

Twelve healthy women and six healthy men
with a mean+SD age of 31.1£7.6 years and

Clin Drug Invest 2009; 29 (6)
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Table 1. Summary of study design for pharmacokinetic analyses

Study design No. of subjects

receiving TZP-101

Dosing regimen

Analyses

Multiple-dose study in healthy subjects 14

Single-dose study in patients with 8
diabetes mellitus with gastroparesis

30-min IV infusions of daily TZP-101
doses for 5 days:

80 pg/kg/day (n=3), 320 ng/kg/day
(n=3) or 600 pg/kg/day (n=8)
30-min IV infusions of one TZP-101
dose:

160 pg/kg/day (n=1), 320 ug/kg/day

Noncompartmental and
compartmental pharmacokinetic
analyses;

urine and faecal elimination
Noncompartmental and
compartmental pharmacokinetic
analyses

(n=4) or 600 ng/kg (n=3)

IV =intravenous.

BMI of 23.7+ 1.2 kg/m? were enrolled. Fourteen
subjects received TZP-101 (80 pg/kg/day [n=3];
320 pg/kg/day [n=3]; 600 pg/kg/day [n=8]) for
5 days. The remaining four subjects received
placebo for 5 days as part of the safety analysis.
All 18 subjects completed the study. A data safety
monitoring group reviewed available safety data
and did not modify the dose escalation schedule.

Single-Dose Study

Three women and five men with a mean+SD
age of 51+ 16 years, BMI of 25.6+6.5kg/m? and
diabetes for 20+ 17 years were enrolled and re-
ceived placebo (for safety analyses) and either
160 pg/kg (n=1), 320 pg’kg (n=4) or 600 ng/kg
(n=3) doses of TZP-101 using a crossover design.
Gastroparesis symptoms in these patients were
moderate to severe. Baseline characteristics have
been previously described for these patients.[!”]

Pharmacokinetic Parameters

Figures 1a and b show the plasma concentra-
tion versus time profiles for the multiple-dose
regimen in healthy subjects and single-dose regi-
men in gastroparesis patients. The plasma TZP-
101 concentration versus time profiles after single
or multiple doses tended to increase less than
proportionally to the increase in dose level.

Pharmacokinetic parameters for days 1 and 5
of the multiple-dose study are summarized in ta-
ble II. C,,,« and C,,;, values on day 1 or at steady
state on day 5 increased less than proportionally
to the administered dose. At steady state, the to-
tal plasma CL values were low and increased as
the dose increased, with mean values of 2.5, 6.4

© 2009 Adis Data Information BV. All rights reserved.

and 10.1 mL/h/kg for the 80, 320 and 600 pg/kg/
day doses, respectively. The mean TZP-101

A Actual, 80 pug/kg
O  Actual, 320 ngkg
O  Actual, 600 ng/kg
—— Predicted, 80 ug/kg
"""" Predicted, 320 ug/kg
---- Predicted, 600 ug/kg
7000
6000
5000
4000
3000
2000 &
1000

Plasma TZP-101
concentration (ng/mL)

Time (h)

b ® 160 ug/kg
MW 320 pg/kg
A 600 ng/kg

8000

6000
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2000
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concentration (ng/mL)
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Fig. 1. (a) Mean plasma concentration of TZP-101 vs time following

multiple-dose administration of TZP-101 to healthy subjects

(80 ngrkg [n=3]; 320 pg/kg [n=3]; 600 ng/kg [n=8]). (b) Mean plas-

ma concentration of TZP-101 vs time following single-dose admin-

istration of TZP-101 to patients with gastroparesis (160 ng/kg [n=1];
320 ng/kg [n=4]; 600 ng/kg [n=3]).

Clin Drug Invest 2009; 29 (6)
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Table Il. Pharmacokinetic parameters for TZP-101 in healthy subjects in the multiple-dose study and in gastroparesis patients in the

single-dose study®

Parameter Multiple-dose study (ng/kg/day) Single-dose study (ng/kg)

80 (n=3) 320 (n=3) 600 (n=8) 160 (n=1) 320 (n=4) 600 (n=3)
V4 (mLskg) 33(0.5) 74 (14) 127 (28) 58 51 (4) 62 (9)
Crax — day 1 (ng/mL) 2417 (294) 5813 (587) 6665 (1663) 2490 5080 (1510) 6360 (2330)
Ciax,ss — day 5 (ng/mL) 3433 (565) 5047 (896) 6364 (672) NA NA NA
Crmin— day 1 (ng/mL) 246 (33) 431 (37) 739 (381) NA NA NA
Cinin,ss — day 5 (ng/mL) 361 (81) 532 (209) 672 (404) NA NA NA
AUC,, —day 1 (ng e h/mL) 17967 (1272) 32675 (4739) 46875 (17619) 13700 36800 (7560) 53000 (44 300)
AUC, —day 5 (ng e h/mL) 21797 (3071) 33992 (2838) 42746 (13933) 15300° 54700° (19 400) 73100° (73200)
CL (mL/h/kg) 2.5(0.6) 6.4 (0.8) 10.1 (3.7) 10.4 6.4 (2.2) 14.4 (9.3)
ko1 (L/) 0.090 (0.029) 0.113 (0.034) 0.085 (0.019) 0.218 0.459 (0.345) 0.528 (0.286)
k1o (L/h) 0.110 (0.013) 0.130 (0.030) 0.112 (0.023) 0.179 0.158 (0.016) 0.243 (0.164)
ki2 (L/h) 0.104 (0.030) 0.160 (0.098) 0.092 (0.037) 0.181 0.583 (0.609) 0.941 (1.02)
Vgs Or V, (mL/kg) 71 (2) 167 (19) 258 (47) 119 98.9 (49.7) 180 (83.1)
t, (h) 19.4 (4.3) 16.6 (2.1) 18.7 (3.5) 8.9 10.6 (3.13) 10.5 (5.63)

a Values are presented as mean (SD) with the exception of the single values for the 160 ng/kg dose in the single-dose study.

b Single-dose AUC values are AUC...

AUC =area under the plasma concentration-time curve; AUC,4=AUC during the 24-hour interval; AUC. = AUC during a steady-state dosing
interval; AUC..=AUC extrapolated to infinity; CL=total systemic clearance; Cpax=0bserved maximum plasma drug concentration;
Cimax,ss =0bserved maximum plasma concentration at steady state; Cpn, = 0bserved minimum plasma drug concentration; Cpin,ss=0Observed
minimum plasma concentration at steady state; ka1, kio =transfer rates between the central and peripheral compartments; k4= elimination
rate from the central compartment; NA =not available; t;, =terminal phase half-life; V;=volume of the central compartment; V,=volume of
distribution based on terminal elimination rate; Vss=volume of distribution at steady state.

t;, ranged from 16.6 to 19.4 hours and was in-
dependent of the administered dose. AUC, and
Cax Values are plotted versus dose in figure 2 to
illustrate the relationship between exposure and
dose. The micro-rate constants k,, k,; and k;,
which represent the transfer rates between the
central and peripheral compartments as well as
the elimination rate from the central compart-
ment, appeared to be independent of the admini-
stered dose.

At the lowest dose level of 80 pg/kg, TZP-101
displayed a lower than expected accumulation
ratio (AUC/AUC,y) of 1.2 for a drug with a t,,
of approximately 18 hours that was administered
on a daily basis. For several subjects, the steady-
state concentrations at the higher dose levels of
320 and 600 pg/kg were actually lower on day 5
than on day I, with mean accumulation ratios of
1.0 and 0.9, respectively.

For the single-dose study in gastroparesis pa-
tients, noncompartmental analysis yielded C,, .«
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and AUC,, values that were similar to those
measured on day 1 of the multiple-dose study in
healthy subjects (table II) and that also increased
in a less than dose-proportional manner. The
time to reach maximum plasma TZP-101 con-
centration (t,,,,) generally occurred at the first
blood sampling time after completion of the 30-
minute infusion (0.75-hour time point) except for
two high-dose patients in whom t,,,, occurred
during the infusion (0.25-hour time point). Va-
lues for V, were somewhat greater with the high-
dose compared with the low- and mid-dose levels
of TZP-101, averaging 119, 99 and 180 mL/kg
from low to high dose. TZP-101 CL values in-
creased with dose. The t,, of TZP-101 was similar
in the mid- and high-dose groups (~10.5 hours)
and shorter with the 160 pg/kg dose received by a
single subject (~9 hours). The t;, values de-
termined in gastroparesis patients were shorter
than those measured in healthy subjects by
40-60%, which was likely the result of the

Clin Drug Invest 2009; 29 (6)
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Fig. 2. Relationship between (a) area under the plasma concentration-
time curve during a steady-state dosing interval (AUC.) and TZP-101
dose and (b) maximum plasma concentration (C,4) and TZP-101
dose for day 5 noncompartmental pharmacokinetic analyses fol-
lowing multiple-dose administration of TZP-101 to healthy subjects.
Values for each subject are shown (80 ng/kg [n=3]; 320 ug/kg [n=3];
600 png/kg [n=8]).

truncated blood sampling schedule (24 hours) in
patients compared with healthy subjects. There
was relatively large variability in the pharmaco-
kinetic parameter estimates, possibly due to the
small number of subjects at each dose level.

Only small amounts of unchanged TZP-101
were recovered in faeces, ranging from 0.24% to
0.31% and averaging 0.29% of the administered
dose. The amount recovered in urine was also
low, ranging from 0.91% to 1.38%, and averaging
1.17% of the administered dose. The amounts
excreted were independent of the administered
dose. Thus, negligible amounts of TZP-101 were
excreted unchanged, indicating that metabolism
is likely to be the major route of elimination and
is responsible for clearance of the drug.
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Tolerability

In the multiple-dose study, 40 treatment-
emergent adverse events considered mild in se-
verity and transient in nature were recorded.
None of the events required an intervention or
interruption to study drug administration. Of the
40 events, 24 were considered treatment related
(20 possible, 4 probable). There was no observed
adverse event frequency related to dose or com-
pared with placebo. Safety data have previously
been reported for the gastroparesis patients re-
ceiving single TZP-101 doses.['>) Most adverse
events were mild and self-limiting and there
were no identifiable differences in numbers or
types of adverse events for TZP-101 and placebo
infusions.

Protein Binding

The protein binding of TZP-101 in plasma of
various species as well as in solutions of isolated
human plasma proteins was determined by equi-
librium dialysis. The fractions of bound TZP-101
in the plasma of various species are presented in
figure 3a. TZP-101 was extensively bound (>99%)
to human plasma proteins at concentrations at
and below 8.1 ug/mL (15 umol/L). Significantly
lower binding of TZP-101 to proteins was ob-
served in monkey, rat, dog and rabbit plasma,
with 83%, 85%, 85% and 88%, respectively,
bound at 8.1 ug/mL.

The fraction of TZP-101 bound to purified
human plasma proteins in isotonic buffer solu-
tions is shown in figure 3b. TZP-101 binding to
AAG was high (299%) at plasma concentra-
tions at or below 5.4 pg/mL (10 umol/L), with a
significant decrease in binding between 8.1 and
13.5pug/mL (15 and 25umol/L). TZP-101 bind-
ing was also evaluated in a solution of purified
HSA. The fraction of TZP-101 bound to HSA
ranged from 28% to 33% and was independent
of drug concentration across the concentra
tion range tested (2.7-53.9 pg/mL; 5-100 pmol/L)
[figure 3b]. These data indicate that AAG is a
major binding protein for TZP-101 in human
plasma.

Clin Drug Invest 2009; 29 (6)
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Fig. 3. Fraction of TZP-101 bound to plasma proteins determined
by equilibrium dialysis in (a) human, rat, dog, monkey and rabbit
plasma and (b) solutions of human a4-acid glycoprotein (AAG,
1 mg/mL) and 4% human serum albumin (HSA). Dialysis was against
isotonic phosphate buffer pH 7.4 for 6 hours at 37°C. Data are the
mean of three determinations.

Discussion

This is the first assessment of steady-state
pharmacokinetics of the synthetic ghrelin re-
ceptor agonist TZP-101 and the first analysis to
compare pharmacokinetic parameters in healthy
subjects and patients with diagnosed gastropar-
esis. The results of the pharmacokinetic analysis
are comparable to those reported in a previous
study in which healthy subjects received sin-
gle doses of TZP-101 ranging from 20 to
600 pg/kg.'! TZP-101 pharmacokinetic profiles
in healthy subjects and in patients with diabetes
with gastroparesis are comparable. Key para-
meters such as C,,, and AUC were found to
change less than proportionally with dose in

© 2009 Adis Data Information BV. All rights reserved.

the dose range investigated, although dose
proportionality has been demonstrated in a pre-
vious study up to and including 160 pg/kg.l'* The
high-affinity and concentration-dependent plas-
ma protein binding of TZP-101 could explain this
lack of dose proportionality.

TZP-101 is highly bound to proteins in human
plasma with 299% bound at concentrations up to
15 pmol/L. AAG appears to be the major binding
protein for TZP-101 in plasma, since the extent
(99.8% and 99.7% in whole plasma and AAG,
respectively) of binding and the binding profile
of TZP-101 over the 5-100 umol/L concentra-
tion range in isolated AAG at a concentration
(=25 pmol/L) similar to that found in whole
plasma was very similar to the profile observed in
whole plasma. In contrast, TZP-101 binding to
HSA was independent of concentration and
averaged approximately 30%. Differences in the
concentrations of unbound TZP-101 across spe-
cies could have implications for the interpretation
of animal safety data and with respect to human
risk assessment. Similar interspecies differences
in high-affinity binding of drugs to AAG have
been previously reported.[16:17]

AAG is able to bind a broad array of basic,
acidic and neutral drugs.['® High-affinity drug
binding to AAG has been shown to affect the
volume of distribution and clearance of drugs
after single doses and at steady state.['%-21 Simi-
larly, the volume of distribution and clearance of
TZP-101 appeared to be influenced by binding to
AAG. TZP-101 bound to AAG is retained in the
central compartment and is not distributed to
peripheral tissues. This results in small, dose-
independent volume of distribution estimates
following single doses, with V values follow-
ing multiple dosing ranging from just 70 to
300mL/kg. The concentration-dependence of
TZP-101 binding to human AAG suggests that
increased concentrations of unbound TZP-101
will occur as AAG binding approaches satura-
tion at increasing TZP-101 doses. Hence, higher
concentrations of free drug become available for
elimination, resulting in increased TZP-101
clearance. This may explain the absence of TZP-
101 accumulation at higher doses or following
multiple dosing, even though t,, remains within
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approximately a 10- to 20-hour range. These data
emphasize that the total TZP-101 concentrations
measured in plasma may not be particularly pre-
dictive of toxicity since the pharmacologically
active component is represented by unbound
drug.

Only trace to small amounts of parent TZP-
101 were recovered in faeces (~0.3% of the dose)
and urine (~1.2% of the dose). Thus, metabolism
is likely to be a prerequisite for elimination of
TZP-101. The characterization of TZP-101 me-
tabolites is currently ongoing. Plasma protein
binding associated with metabolic clearance may
hence be the primary determining factor in the
pharmacokinetic behaviour of TZP-101 in heal-
thy subjects and gastroparesis patients.

Protein binding to AAG is influenced by ge-
netic variants?? and physiological factors such as
agel®¥ and disease>¥ that can alter AAG glyco-
sylation patterns. In addition, the concentration
of AAG in plasma is variable between individuals
and is dependent upon disease state and sex, with
concentrations in males being somewhat greater
than those in females.*”! Further research is
needed to understand if any of these factors
influence TZP-101 binding to AAG and the
implications for the pharmacokinetic profile of
the drug.

Conclusions

The results from the present study indicate
that the pharmacokinetic parameters of TZP-
101 in patients with gastroparesis and healthy
subjects are comparable and display a similar
trend towards increased clearance at higher dose
levels resulting in little accumulation of TZP-101
at high dose levels and after multiple dosing.
Optimization of dosage regimens for TZP-101 in
patients with gastric dysmotility should take into
consideration the fraction of unbound drug
rather than the total plasma concentration. In
addition, the AAG binding property of TZP-101
further suggests that interpretation of safety data
from animal models requires conversion of total
plasma concentrations to concentrations of free
drug in order to facilitate a meaningful risk

© 2009 Adis Data Information BV. All rights reserved.

assessment in humans, since significantly more
TZP-101 remains unbound in animal plasma
than in human plasma.
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