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To administer repeated oral doses of netazepide to healthy subjects for
the first time, to assess safety, tolerability, pharmacokinetics and effect
on 24 h gastric pH and plasma gastrin.

We did two randomized, double-blind, parallel group studies. The first
compared netazepide 25 and 100 mg 12 hourly, omeprazole 20 mg
once daily and placebo for 7 days. On day 7 only, we measured pH and

assayed plasma gastrin. The second study compared netazepide 5, 10

and 25 mg and placebo once daily for 14 days. We measured pH on

WHAT THIS STUDY ADDS days 1,7 and 14 and assayed plasma gastrin on days 1 and 14.We

RESULTS

CONCLUSION

compared treatments by time gastric pH = 4 during 0-4,4-9,9-13 and
13-24 h after the morning dose, and by plasma gastrin.
P < 0.05 was significant.

Netazepide was well tolerated. On day 7 of the first study, netazepide
increased pH significantly only during 9-13 h after the 100 mg dose,
whereas omeprazole raised pH significantly during all periods. Both
netazepide and omeprazole increased plasma gastrin significantly.
Netazepide had linear pharmacokinetics. In the second study,
netazepide caused dose-dependent, sustained increases in pH on day
1, but as in the first study, netazepide had little effect on pH on days 7
and 14. Again, netazepide increased plasma gastrin significantly.

Although repeated doses of netazepide led to tolerance to its effect on
pH, the accompanying increase in plasma gastrin is consistent with
continued inhibition of acid secretion, via gastrin receptor antagonism

and gene up-regulation.
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Introduction

The hormone gastrin [1] causes gastric acid secretion via
stimulation of gastrin receptors (CCK-B or CCK-2 receptors)
on enterochromaffin-like (ECL) gastric mucosal cells,
which release histamine.That in turn stimulates histamine
H,-receptors on parietal cells in the gastric mucosa [2] and
thereby secretion of acid into the lumen of the stomach.
Acid production is mediated by the proton pump on pari-
etal cells, which also express gastrin receptors [3], but the
role of those receptors in acid secretion is uncertain [4].
Gastrin also stimulates growth of ECL and parietal cells
[1,5,6].

Non-clinical studies have shown that netazepide
(YF476) is a potent, selective, competitive and orally active
antagonist of gastrin receptors [7-9]. In our double-blind,
placebo-controlled, crossover study of single doses of
netazepide 5, 25 or 100 mg compared with ranitidine
150 mg in healthy subjects, netazepide was well tolerated
and caused dose-dependent, long-lasting increases in
basal and food-stimulated 24 h gastric pH, consistent with
antagonism of gastrin receptors [10]. Onset of activity of
netazepide and ranitidine was similarly rapid. However,
activity of ranitidine lasted about 12 h, whereas that of
netazepide exceeded 24 h. Compared with ranitidine
150 mg, netazepide 5 mg was as effective, and netazepide
25 and 100 mg were much more effective, over the 24 h
after dosing. Median tm.x and ti, after the 100 mg dose
were about 1 and 7 h, respectively,and the pharmacokinet-
ics were dose-proportional.

Those encouraging results justified further studies in
healthy subjects, and we now report the first administra-
tion of repeated doses of netazepide. We did two parallel-
group studies. The first compared netazepide 25 and
100 mg twice daily, omeprazole 20 mg once daily and
placebo for 7 days. The aim was to assess the safety, toler-
ability and pharmacokinetics of netazepide, and to
compare its effects on gastric pH and plasma gastrin
with those of omeprazole. The second study compared
netazepide 5, 10 and 25 mg and placebo once daily for 14
days, to find out whether lower doses of netazepide would
give results similar to those of the first study.

We have presented these studies at meetings of the
Clinical Section of the British Pharmacological Society [11,
12].

Methods

We did the studies at the Central Middlesex Hospital,
London, England in accordance with the ICH Guideline for
Good Clinical Practice and Declaration of Helsinki. Brent
Ethics Committee approved the studies. Subjects gave
written informed consent. We registered the studies under
ClinicalTrials.gov NCT01599858 and NCT01597674.
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Treatments

Yamanouchi Pharmaceutical Co, Japan, supplied netazep-
ide 5 and 25 mg capsules and matching placebo.The hos-
pital pharmacy: supplied encapsulated omeprazole 20 mg
tablets (Losec, AstraZeneca) and matching placebo cap-
sules, packed and labelled treatments and randomized
subjects to treatments.

Study design

First study This study was double-blind, double-dummy
and parallel group in design, and required 48 healthy men
or women. Women not using a reliable method of contra-
ception were excluded. Subjects were randomized to one
of four treatments by mouth for 7 days: netazepide 25 mg
12 hourly, netazepide 100 mg 12 hourly, omeprazole
20 mg once daily and placebo. They took the morning
dose after fasting overnight. Subjects were resident for 8
nights and returned for follow-up 5-10 days after the last
dose. On day 7, they fasted overnight and had standard
meals and drinks at 4, 9, 13 and 22 h after dosing. Meals
and drinks were at usual times on all other days. We
recorded intragastric pH every 6 s for 24 h on day 7, using
a nasogastric pH electrode [10]. We took blood samples
before each morning dose on days 2-7 and at 0.25, 0.5,
0.75,1.0,1.5,2,3,4,5,6,8, 10 and 12 h after the second
dose on day 7 for assay of plasma netazepide. We also
took blood samplesat 1,2,3,4,5,6,7,8,9,10,11,12,13, 14,
16,18, 20,22 and 24 h after the morning dose on day 7 for
assay of plasma gastrin. We assessed safety and tolerabil-
ity by adverse events, vital signs, ECG and safety tests of
blood and urine.

Second study This study was double-blind and parallel
group in design, and required 48 men. Subjects were ran-
domized to one of four treatments by mouth once daily
for 14 days: netazepide 5, 10 and 25 mg, and placebo,
which they took in the morning after fasting overnight.
On days 1, 7 and 14, they ate standard meals at 4, 9, 13
and 22 h after dosing. On days 3-6 and 9-13, they did not
eat until at least 30 min after dosing, but were allowed
water as required. All other meals and drinks were at
usual times on those days. Subjects were resident for 2
nights on each of three occasions: from the evening
before until the morning after dosing on days 1,7 and 14.
On days 3-6 and 9-13, subjects attended each morning,
for dosing only. On days 1, 7 and 14, we recorded ambu-
latory gastric pH every 6s from 0.5 h before until 24 h
after dosing, and we took frequent blood samples from 0
to 24 h after dosing for assay of plasma gastrin, as in the
first study. We also assessed safety and tolerability as in
the first study.

Gastric pH
We prepared subjects and measured 24 h gastric pH, as
described previously [10].
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Plasma gastrin

We put 4 ml blood into lithium-heparin tubes containing
0.2 ml aprotinin 10 000 units ml™" (Trasylol; Bayer),and cen-
trifuged them (4°C, 800 g for 10 min) within 15 min of col-
lection.We stored plasma in polypropylene tubes at —20°C
until assay by ASI, St George’s Hospital, London, UK using a
validated '*’I-radioimmunoassay (GammaDab®, DiaSorin,
Stillwater, Minnesota, USA). The calibration line was linear
over the concentration range 40 to 1000 pg |I™". The sensi-
tivity was 6 pg I”' and the coefficient of variation was ~4%.

Plasma netazepide
We assayed plasma netazepide by HPLC-MS [13], as
described previously [10].

Statistics

24h gastric pH From the results of our study of single
doses of netazepide [10], we calculated 12 subjects per
group to be sufficient for both studies to detect a 70%
increase in area under the curve (AUC) for gastric pH vs.
time, with at least 80% power,assuming a between-subject
coefficient of variation of 0.46 and significance of 5%. We
analyzed pH data in four intervals: 0-4, 4-9, 9-13 and
13-24 h after the morning dose. For each interval, we cal-
culated AUC, using the trapezoidal rule, and time pH =4.

We tested for differences among treatments by analysis
of variance (ANOVA), after log-transformation of variables,
where appropriate. All tests were two-sided, and the sig-
nificance level was o = 0.05. If treatment effect was signifi-
cant in the overall model, we made pair wise comparisons
between each active treatment and placebo, using the Wil-
coxon rank sum test. The primary response variable was
time pH =4.

To illustrate pH results, for the first study we calculated
median values for every 1 h from 0 to 14 h after dosing and
every 2 h from 14 to 24 h after dosing, and for the second
study we calculated median values for every 2 min from 0
to 24 h after dosing.We calculated median values because
the data were not normally distributed.

Plasma gastrin For both studies, we calculated plasma
gastrin AUC(0,24 h) by the trapezoidal rule. In the first
study, we compared treatments by ANOVA. In the second
study, we measured plasma gastrin only for the netazepide
5and 25 mg groups on days 1 and 14.1n a post hoc analysis,
we used a Kruskal Wallis test to compare the results for
AUC(0,24 h) of plasma gastrin for netazepide 5 and 25 mg
with those of placebo from the first study. We used a Wil-
coxon rank sum test to do pairwise comparisons between
netazepide dose levels and placebo only if there was an
overall significant difference among treatments.

Pharmacokinetics We used WinNonlin to derive pharma-
cokinetic parameters for plasma netazepide concentra-
tions after the second dose on day 7 of the first study: Crnax,
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tmax, AUC(0,1), AUC(0,0) and tis, as described previously
[10]. We used netazepide concentrations before dosing on
days 2-7 to assess when steady-state had been reached
and whether netazepide had accumulated after repeated
doses.

Results

Subjects

Forty-nine subjects, 25 women and 24 men, entered the
first study.Their mean age and body mass index (BMI) were
24.1 years (range 19-33 years) and 23.3kgm™ (range
19.5-29.6 kg m™), respectively. All subjects were Europid.
We withdrew one woman whose pH electrode failed. Four
groups of 12 subjects completed the study.

Forty-nine men entered the second study. Their mean
age and BMI were 24.9 years (range 18-40 years) and
23.86 kg m™ (range 19.5-28.4 kg m™), respectively. Forty-
seven subjects were Europid, one was Negroid and one
was Asian/Indian.We withdrew one subject after five doses
of what proved to be netazepide 25mg, because of
nausea, abdominal discomfort and diarrhoea. Another
subject had a high basal gastric pH and plasma gastrin,
consistent with achlorhydria, so we excluded his results
from the statistical analysis. Three groups of 12 subjects
and one group of 11 (netazepide 5 mg) subjects com-
pleted the study.

Tolerability and safety

Netazepide was well tolerated in both studies. Subse-
quent re-challenge of the subject who had gastro-
intestinal symptoms after five doses of netazepide 25 mg
was uneventful. Otherwise, any adverse events were
minor, transient and occurred across the treatments.There
were no clinically relevant changes in any of the safety
assessments.

Pharmacodynamics

First study Median times gastric pH = 4 are shown
in Table 1 and median gastric pH values vs. time are
illustrated in Figure TA. Median AUC(0,24 h) of plasma
gastrin concentrations are shown in Table 1 and median
plasma gastrin concentrations vs. time are illustrated in
Figure 1B.

There were characteristic and predictable variations in
gastric pH during placebo treatment, corresponding to
the times at which subjects ate and drank. Compared
with placebo, gastric pH tended to be higher in the post-
prandial periods after netazepide, but the time pH =4
was significant (P < 0.05) only for netazepide 100 mg
during the period 9-13 h after the morning dose. Ome-
prazole increased the time gastric pH = 4 significantly
(P < 0.05) compared with either placebo, netazepide 25 or
100 mg, during all periods except 9-13 h after netazepide
100 mg.



Table 1
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First study: median time (h) gastric pH =4 and median (range) AUC(0,24 h) of plasma gastrin (ng I"" h) on day 7

Placebo n = 12

Netazepide 25 mg

twice daily n = 12

Netazepide 100 mg

Omeprazole

20 mg

=12

Time pH =4 after morning dose
0-4h 0.0 (B) 0.0 (B)
4-9h 0.9 (B) 0.6 (B)
9-13 h 0.5 (C) 0.7 (BC)
13-24 h 1.1 () 0.2 (B)
Gastrin AUC(0,24 h) (ng I h)
Median 985
Range 295-1620 390-3086

twice daily n = 12

0.0 (B)
0.6 (B)
1.2 (AB)
1.0 (B)

1556**
858-3743

once daily n

2140%**
1144-3211

In each time period, treatments with the same letter in parentheses are not significantly different from each other (P> 0.05). Compared with placebo: *P = 0.02 **P = 0.01

***p=0.001.

|
0 4 8 12 16 20 24
Time (h)

Figure 1

First study: median (n =12 per group) (A) 24 h gastric pH and (B) 24 h plasma gastrin (ng I"") on day 7.

— netazepide 100 mg

Compared with placebo, netazepide 25 mg (P = 0.02),
netazepide 100 mg (P = 0.01) and omeprazole (P = 0.001)
all significantly increased AUC(0,24 h) of plasma gastrin.
Gastrin concentrations after omeprazole were higher than

160 -

120 -

80 -

40+

Plasma gastrin (ng I™")

Table 2

Second study: median time (h) gastric pH = 4 on days 1,7 and 14

placebo, — omeprazole,— netazepide 25 mg,

Time (h)

those after netazepide 25 and 100 mg, especially after Netazepide
food, but the differences were not significant. Day, and time interval 5mg
(h) after morning dose n=11

Second study Median times gastric pH = 4 are shown in Dag_l 0.0 5% 1 7% 3%
Table 2 and median gastric pH values vs. time are illus- 4-9 0.1 1.0 1.2% 3.6
trated in Figure 2. Median AUC(0,24 h) of plasma gastrin 9-13 0.3 0.5 1.2% 1.5%
concentrations are shown in Table 3 and median plasma 13-24 03 04 1.0 2.0*
gastrin concentrations vs. time are illustrated in Figure 3. Dag_z o1 00 o1 o
Again, there were characteristic and predictable variations 49 05 07 09 14
in median gastric pH during placebo treatment, corre- 9-13 04 0.9 1.2% 1.4%
sponding to the times at which the subjects ate and drank. 13-24 0.7 08 0.3 12

On day 1, gastric pH increased quickly after dosing with Daoy 14 00 00 00 00
netazepide. After all meals, gastric pH fell more slowly after 4:9 06 07 06 0
netazepide than after placebo. Even after breakfast, at 24 h 013 08 06 0.9 15
after dosing, pH was higher after netazepide than after 13-24 1.1 09 03 1.1
placebo. Trends were similar for all doses of netazepide.
On day 1, compared with placebo, netazepide 5mg *Compared with placebo, P < 0.05.
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Figure 2
Second study: median gastric pH after on days A) 1, B) 7 and C) 14 of
netazepide 5 mg (—), netazepide 25 mg (—) and placebo (——).n=12

per group, except netazepide 5mg where n = 11. Netazepide 10 mg
omitted for clarity

significantly increased the time pH = 4 only during the
0-4 h period, netazepide 10 mg significantly increased the
time pH = 4 during the 0-4, 4-9 and 9-13 h periods and
netazepide 25 mg significantly increased the time pH = 4
during all time periods up to 24 h after dosing. In contrast,
on days 7 and 14, compared with placebo, gastric pH
tended to be higher in the post-prandial periods after
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netazepide, but the time pH =4 was significantly higher
only during 9-13 h after netazepide 10 or 25 mg.

Compared with placebo, plasma gastrin concentrations
were higher after netazepide 5 and 25 mg on days 1 and
14.0n day 1, there were no significant differences among
netazepide 5 mg and 25 mg and placebo for AUC(0,24 h)
of plasma gastrin (P = 0.26). However, there was a signifi-
cant difference on day 14 (P = 0.04). Therefore, we used
a Wilcoxon rank-sum test to do pairwise comparisons
for day 14. There was no significant difference between
netazepide 5 mg and placebo (P = 0.37), but there was a
significant difference between netazepide 25mg and
placebo (P = 0.01). There was no significant difference
among netazepide doses for AUC(0,24 h) of plasma gastrin
on day 1 or on day 14.

Pharmacokinetics

Mean (range) pharmacokinetic parameters after the last
dose of netazepide on day 7 were: Cnax 120 (76-188)
ngml™, tmx 0.75 (0.5-4.0) h, AUC(0,t) 196 (160-300)
ng ml™ h and t;,; 3.4 (2.0-7.3) h for netazepide 25 mg and
Cinax 569 (270-958) ng ml™", tmax 1.0 (0.5-2.0) h, AUC(0,t) 933
(686-1379) ng mlI™" h and ti/, 4.1 (2.8-6.3) h for netazepide
100 mg. Trough concentrations of netazepide 25 mg and
10 mg showed that steady-state was reached by day 3 and
that there was little or no accumulation by day 7. AUC(0,t)
and Cnax increased in the ratio 4.8:1 and 4.7:1, respectively,
while the dose increased in the ratio 4:1.Thus, the pharma-
cokinetics of netazepide were dose-proportional in the
range studied.

Discussion

We were surprised by the trivial effect on 24 h gastric pH
on day 7 of netazepide of 25 and 100 mg 12 hourly in the
first study, given that single doses of 5, 25 and 100 mg
had caused dose-dependent, sustained increases in 24 h
gastric pH in our previous study in healthy subjects [10].
The discordant results cannot be attributed to deficiencies
in our methods, because omeprazole increased gastric pH
on day 7, as expected. Furthermore, netazepide 25 and
100 mg and omeprazole all increased 24 h plasma gastrin
on day 7. Proton pump inhibitors (PPI) such as omeprazole
increase circulating gastrin via inhibition of gastric acid
production and up-regulation of the gastrin gene [14].
However, tolerance to the acid-suppressant effect of ome-
prazole does not develop after repeated doses despite
the increase in gastrin, because PPIs act directly on the
proton pump, the final stage in acid secretion. Histamine
H,-receptor antagonists (H,RA), such as cimetidine and
ranitidine, which are competitive antagonists, also increase
circulating gastrin, via inhibition of acid secretion and
up-regulation of histamine Hy-receptors and adenylate
cyclase in the parietal cell [15]. However, unlike the
increase in circulating gastrin induced by PPI, the increase



Table 3

Second study: median AUC(0,24 h) of plasma gastrin concentrations (ng I h)
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Gastrin AUC(0,24 h) (ng I-' h)

Netazepide 5 mg (n = 11)

Netazepide 25 mg (n = 12)

Placebo (n = 12) DEVA Day 14 Day 1
Median
985 1093 1093 1111 1315*
Range
295-1620 772-1998 738-2046 748-3304 981-5296
Placebo data from day 7 of study 1. *Compared with placebo, P = 0.01.
A Dayl B Day I4
80 90
o o
L 70 L 80
g 2 70
N N
c 60 c
‘T ‘T 60
00 S0 50
o] - o]
g 40 £ a0
s 30 8 30|
o o
20 | | | | | J 20 | | | | | J
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Time (h) Time (h)
Figure 3

Second study: median plasma gastrin concentrations (ng I™') on days A) 1 and B) 14 of netazepide 5 mg (n = 11) and 25 mg (n = 12) once daily. Placebo data
(n=12) from Day 7 of the first study. Netazepide 5 mg (—), netazepide 25 mg (—) and placebo ()

induced by H,RA does lead to tolerance [16, 17], because
the increase in circulating gastrin by H,RA stimulates
release of histamine from ECL cells, which reduces antago-
nism by the H,RA of histamine H,-receptors on the parietal
cell. Indeed, lupitidine (SK&F 93479), a potent, long acting
and irreversible H,RA, caused hypergastrinaemia profound
enough to overcome suppression of gastric acid produc-
tion [18, 19]. PPIs replaced H,RA as the preferred treatment
for acid-related conditions when it was discovered that
tolerance to H,RA after repeated dosing reduces their
efficacy [20].

Initially, we wondered whether tolerance to netazepide
in the first study might have been due to the observed
increase in plasma gastrin, similar to the mechanism of
tolerance to an H,RA. Therefore, we did a second study
using netazepide 5,10 and 25 mg once daily for 14 days, to
assess whether lower and longer exposure to netazepide
might prevent or reduce tolerance. We also improved the
study design, by measuring 24 h gastric pH and collecting
plasma samples for gastrin assay on days 1 and 14 as well
ason day 7.0n day 1, the first dose of netazepide 5,10 and
25mg caused dose-dependent, sustained increases in
gastric pH, as did single doses of netazepide 5, 25 and
100 mg in our previous study [10]. However, the effect of

netazepide on gastric pH was small on day 7, and even
smaller on day 14. Because of these confirmatory results,
the study sponsor decided to limit the number of plasma
samples assayed for gastrin to those collected after
netazepide 5 and 25 mg on days 1 and 14. Therefore, for
comparison, we used the results for placebo from the first
study. The comparison was valid because both studies
were parallel group in design and used similar subjects
and methods. Despite the limited data from the second
study, netazepide clearly increased circulating gastrin,as in
the first study.

Thus, overall, the results of these two repeated dose
studies of netazepide were similar. Tolerance to the effect
of netazepide on gastric pH occurred throughout the dose
range studied.

Studies in rats subsequent to our studies in healthy
subjects have also shown that netazepide increases
circulating gastrin [14, 21-29]. The response is secondary
to acid suppression by netazepide, which like omeprazole
increases gastrin gene expression [14]. Furthermore, activ-
ity of netazepide persisted in rats dosed for up to 6
months, whether assessed by its ability to suppress gastric
acid production or to prevent the growth promoting
effects of hypergastrinaemia on ECL cells [14,21-29].In all
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the aforementioned studies in rats, gastric acid production
was assessed by measurement of H* secretion, not by pH.
Studies of other gastrin receptor antagonists in rats have
also shown that activity persists after chronic dosing [30,
31].The increase in circulating gastrin induced by netazep-
ide does not lead to tolerance to its ability to inhibit H*
secretion, because netazepide blocks gastrin receptors on
ECL cells, thereby reducing or preventing release of hista-
mine. Any reduction in gastric acid production, such as by
PPI, H,RA, vagotomy [32, 33] or chronic atrophic gastritis
[34], leads to an increase in circulating gastrin. Thus, the
increase in circulating gastrin induced by repeated doses
of netazepide in our healthy subjects is consistent with
persistent suppression of gastric acid production. Indeed,
we have since confirmed that netazepide does cause per-
sistent suppression of gastric acid production, by showing
that repeated doses of 100 mg daily inhibit the increase in
pentagastrin-stimulated volume and H* content of gastric
aspirate, despite tolerance to the effect on pH [35].

Gastric pH is easy to measure continuously with a
nasogastric electrode, and has been widely used in clinical
trials as a surrogate measure of acid suppression by H,RA
and PPIs [36]. A substantial increase in time pH =4 is
regarded as essential to heal acid-related conditions.
Because repeated doses of netazepide failed to achieve
that goal, the development of netazepide for its original
target disease of gastro-oesophageal reflux was aban-
doned for several years. pH is a logarithmic scale, so gastric
pH may change little despite a large change in H* secretion
[4, 37] Furthermore, measurement of gastric pH alone
ignores changes in volume of secretion.Therefore, the total
amount of H* collected per unit time would be a better test
of acid suppression than pH. We discuss elsewhere the
possible mechanisms for development of tolerance to the
effect of netazepide on gastric pH after repeated doses
[35].

Plasma concentrations of netazepide after repeated
doses were similar to those after single doses in our previ-
ous study [10], which excludes a pharmacokinetic explana-
tion for tolerance to the effect of netazepide on gastric pH.
As in our single dose study, netazepide appeared to be
eliminated biphasically, the terminal elimination phase
beginning at 4-12h after dosing. Since the interval
between t..x and the last sampling time was only 11 h,and
the last sample was at 12 h after dosing, the calculated t,,
is unlikely to represent only the terminal elimination
phase.The mean half-lives of about 2-4 h quoted for many
subjects are probably influenced by the more rapid first
phase of elimination, whereas the higher values are likely
to represent a more accurate estimate of the true terminal
elimination half-life. Also, the mean values of A,, ti, and
AUC should be regarded only as estimates, because of the
variability of the data and the short measurement period
relative to the calculated terminal half-life.

Pre-dose plasma netazepide concentrations on days
2-7 suggested that little if any accumulation of netazepide
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occurred during repeated dosing. The trough values show
that steady-state had been reached by day 3,48 h after the
first dose, which is consistent with an elimination half-life
of netazepide of 10 h or less, based on the assumption that
steady-state is typically reached within five half-lives after
the start of dosing.

In conclusion, netazepide was well tolerated. Single
doses caused dose-dependent, sustained increases in
gastric pH, as in our previous study. Although tolerance to
the effect on gastric pH developed during repeated doses
of netazepide, the increase in circulating gastrin is con-
sistent with persistent suppression of gastric acid, via
gastrin receptor antagonism and up-regulation of the
gastrin gene. Further studies are required to find out the
mechanism for tolerance, and whether it might matter
therapeutically.
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