CENTER FOR DRUG EVALUATION AND
RESEARCH

APPLICATION NUMBER:
22-056

PHARMACOLOGY REVIEW(S)




DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION

NDA NUMBER:

SERIAL NUMBER:

DATE RECEIVED BY CENTER:
PRODUCT:

INTENDED CLINICAL POPULATION:

SPONSOR:

DOCUMENTS REVIEWED:
REVIEW DIVISION:
PHARM/TOX REVIEWER: AT
PHARM/TOX SUPERVISOR: ~ *
ACTING DIVISION DIRECTOR:
PROJECT MANAGER:

22-056

000

12/20/2006

Prilosec (omeprazole magnesium, 2.5 mg or 10
mg) for Delayed Release Oral Suspension
Treatment of patients with
gastroesophageal reflux disease
healing erosive

———

b(4)

(GERD),
esophagitis
conditions in patients 0 to 2 years of age.

Astra Zeneca LP, Wilmington, DE.

Electronic submission of the NDA

Division of Gastroenterology Products (HFD-
180)

Sushanta Chakder, Ph.D. _

Jasti B. Choudary, B.V.Sc., Ph.D.

Daniel Shames, M. D.

Ryan Barraco

Date of review submission to Division File System (DFS): 8/9/07




EXECUTIVE SUMMARY

2.6 PHARMACOLOGY/TOXICOLOGY REVIEW.....

2.6.1
2.6.2
2.6.3
2.64
2.6.5
2.6.6

2.6.7

TABLE OF CONTENTS

INTRODUCTION AND DRUG HISTORY

PHARMACOLOGY......

PHARMACOLOGY TABULATED SUMMARY

PHARMACOKINETICS/TOXICOKINETICS....

PHARMACOKINETICS TABULATED SUMMARY
TOXICOLOGY

TOXICOLOGY TABULATED SUMMARY

OVERALL CONCLUSIONS AND RECOMMENDATIONS

.38




Executive Summary
I. Recommendations

A. Recommendation on Approvability: From a preclinical standpoint, the NDA
application is approvable.

B. Recommendation for Nonclinical Studies: None.

C. Recommendations on Labeling: No changes in the preclinical section of the
current labeling of Prilosec are recommended.

IL Summary of Nonclinical Findings
A. Brief overview of nonclinical findings:

Omeprazole belongs to a class of compounds, the substituted benzimidazoles, that
suppress gastric acid secretion by specific inhibition of the H'/K*-ATPase (the proton pump),
resulting in an inhibition of gastric acid secretion. H'/K*-ATPase is located in the secretory
membranes of the parietal cells in the gastric oxyntic mucosa. When omeprazole reaches the
canalicular space of the gastric parietal cell, it is protonated, activated to the reactive
sulfonamide, and covalently bonded to the luminal surface of the proton pump to inhibit the
pump activity. The primary pharmacodynamic effects of omeprazole have been demonstrated
in both in vitro and in vivo studies. The binding of omeprazole to H'/K'-ATPase is irreversible
in nature, and effectively inhibits acid secretion until new enzyme is synthesized.

Omeprazole (Prilosec) is approved in the U.S since 1988, and indicated for the treatment of
variety of gastric acid-related disorders in adults and children aged 2 years and older. Under
NDA 22-056, the sponsor is seeking approval of a new oral formulation of omeprazole,
Prilosec (omeprazole magnesium) For Delayed-Release Oral suspension (2.5 mg and 10 mg;
also called the sachet formulation or omeprazole sachet) for use in children 0 to 2 years of age.
The omeprazole sachet formulation was developed to fulfill the post-marketing commitment to
develop an age-appropriate formulation for pediatric patients 0 to 2 years of age (July 12, 2002
approval letter for NDA 19-810/5-074). The sponsor conducted several toxicology studies in
juvenile animals with omeprazole in support of the pediatric use of the drug. The studies
include a single-dose tox1c1ty study, repeat dose toxicity and toxicokinetic studies in rats, and a
carcinogenicity study in p53*" heterozygous mice. In addition, in a recent
toxicity/toxicokinetic study in neonatal/juvenile rats with esomeprazole (study # 900404,
2006), a group of animals received a hlg’h dose (140 mg/kg) of omeprazole as a comparator.

TG
S
In a single-dose toxicity oral study in juvenile rats (10 to 13-day-old) with omeprazole
(190 to 2100 mg/kg), the clinical signs observed included reduced motor activity, reduced
respiratory frequency, dyspnea, cyanosis, reduced or absent righting reflex, tremor and
convulsions. Similar clinical signs were observed in previous toxicology studies with
omeprazole in adult animals. In a 1-month oral toxicity study in juvenile rats (14 to 15 days



old), omeprazole was administered at doses of 14, 31, 69 or 140 mg/kg/day. High dose
animals had slightly lower body weight gain, and slightly decreased hemoglobin and
hematocrit value and an increase in reticulocyte levels were observed in all omeprazole-treated
groups. White blood cell counts were decreased between 15 and 30% for all male treatment
groups and females receiving 69 and 140 mg/kg/day doses. Liver hyperplasia, lymphoid cell
infiltration and congestion were observed at 140 mg/kg/day. A dose-related increase in the
stomach weight was observed in the treated animals; however, no changes in the ECL cells in
the gastric mucosa were observed in any group. In a 1-month oral toxicity study in neonatal
rats (age, 7 days) with esomeprazole, on"g: group of animals received omeprazole at a dose of
140 mg/kg. No treatment-related-effects on the functional observation or behavioral
performance were observed. Inéreased stomach weights, increased serum gastrin levels and
increased ECL cell volume fraction and profile density were observed in animals receiving
omeprazole. Thus, the toxicological effects observed in neonatal rats were similar to those
observed in adult animals, and no additional target organs of toxicity were identified.

B. Pharmacologic Activity:

Omeprazole suppresses gastric acid secretion by specific inhibition of the enzyme, H,
K"-ATPase at the surface of the gastric parietal cells. Nonclinical pharmacology studies show
that omeprazole is a potent and long-lasting inhibitor of gastric acid secretion. The binding of
omeprazole to H'/K*-ATPase is irreversible in nature, and effectively inhibits acid secretion
until new enzyme is synthesized.

C. Nonclinical Safety Issues Relevant to Clinical Use: None
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PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22-056

Review number: 01

Sequence number/date/type of submission: 000/Original/December 20, 2006
Information to sponsor: Yes () No X)

Sponsor and/or agent: Astra Zeneca LP, Wilmington, DE.

Manufacturer for drug substance: Astra Zeneca LP.

Reviewer name: Sushanta Chakder, Ph.D.

Division name: Division of Gastroenterology Products
HFD #: 180

Review completion date: August 09, 2007

Drug: e
Trade name: Prilosec for Delayed Release Oral Suspension
Generic name: Omeprazole magnesium
Code name: N/A -
Chemical name: Di-(R,S)-5-methoxy-2[[(4-methoxy—3,5-dimethyl-z-
pyridinyl)methyl]sulfinyl]-1H-benzimidazole magnesium.

CAS registry number: 73590-58-6

Molecular formula/molecular weight: C34H36NsOsS,Mg/713.1

Structure:
i {?CH.?
P . ~.. OCH
CUNEET At
? T . O xMg
N7 “'CH;—;{;‘ N
L Y] - 4
Relevant INDs/NDAs/DMFs: S '
IND —— Astra Zeneca LP, Wayne, PA. b(4)

IND 53,733, Astra Zeneca LP, Wayne, PA.
NDA 19-810, Astra Zeneca LP, Wayne, PA.
NDA 21-229, Astra Zeneca LP, Wayne, PA.

Drug class: Gastric parietal cell H", K*-ATPase (Proton pump) inhibitor.



Intended clinical population: Omeprazole magnesium delayed release suspension is indicated 4)
for short term treatment of patients with - , gastroesophageal reflux h(
disease GERD), ———  healing of erosive esophagitis

Clinical formulation: Prilosec Sachets (2.5 mg and 10 mg) consist of omeprazole pellets and
excipient granules filled into single use aluminium sachets. The total content of a sachet, i.e., one
dose is added to water to form a viscous suspension prior to use. The composition of 2.5 mg and 10
mg sachets is shown in the Tabla'below. -

Table 1 Composition of Prilosec Sachets

Componerts o Quantity (mg/fsachet) Fuaction Standard
(namo aceording to AsivaZences) 2.5 mg 10 mg

streugth  streagth

Omeprazole pelicts® _
Omeprazole 25 10 Active substance AstraZetieca

(corresponding o
omeprazole magnesium'} I—

Glyceryl monostearute
Hydroxypropy! cellulose )
Hydroxypropyl methylecilulose

a——

Magnesium stearate
Methacrylic acid copolymer type C

Polysorbate =

b(4)

Sugur spheres,

Tale £
Triethyl citrate
—
- Weight of omeprazole pellets
Exciplent granules

——

Xanthon gum

Citric 80id e

fronoxide

Hydroxypropyl cellulose
——— b

Weight of exciplent granules
Total weight in sachet




Route of administration: Oral

Studies reviewed within this submission: The sponsor did not submit any preclinical study
reports under the current NDA. However, the sponsor provided the summaries of previously
submitted studies with omeprazole in neonatal/juvenile animals. These studies include: (a)
ADME studies in juvenile rats, (b) single-dose oral toxicity study in juvenile rats, (c)
‘preliminary dose finding study in juvenile rats, (d) one-month oral toxicity study in juvenile
rats, (€) one-month oral toxicity study in neonatal rats with esomeprazole in which omeprazole
was used as a comparator, and (f) carcinogenicity study in p53+/- heterozygous mice. The
studies were reviewed under earlier submissions and the reviews of these studies are
incorporated. In addition, the sponsor provided toxicological qualification of the potential
degradation products of omeprazole.

2.6.2 PHARMACOLOGY

No Pharmacology study reports were submitted.

2.63 PHARMACOLOGY TABULATED SUMMARY
N/A

- 2.6.4 PHARMACOKINETICS/TOXICOKINETICS
ABSORPTION, DISTRIBUTION, METABOLISM, AND EXCRETION:

Plasma Concentrations of Omeprazole in
A = Young Rats Af :
Administration (Report No. T2757/Study No. 92072) . Rer Oral

Methods: This study examined omeprazole plasma i
~ oral administration to 12-14 day ollcai rats (fmmatureliﬂiililg?llggfgg
day old rats (newly weared animals), and 44-4s6 day old rats’( oun
.adults). Each of the three age groups was treated with 14 a1¥xd J
69 mg/kg (40 and 200 pmole/kg) omeprazole for 2 days. Blood
samples were cpllected before drug administration, and at is and 60
min after dosing on the second day of treatment. Controls were



included for each age group; although, blood samples were only
collected at 15 min after dosing on the second day of treatment
requiring groups composed of 3 rats/sex. The vehicle used for test
formulations was a hydroxypropyl methyl cellulose solution, and the
drug was administered by oral gavage. Plasma concentrations of
omeprazole in young rats were determined by liquid chromatography.
The limit of quantitation for this assay was 25 ng/mL :
(0.080 pmole/L) of plasma. :

Results: One female in the 44-46 day old age group that received
69 mg/kg, died in CgﬂgggglgnmwithwbloodmsampLingmtakenwatw15mminw
after the dose. No clinical signs or adverse effects were observed

in any other animals during dosing or blood sampling. = No
significant changes in body weight or weight gain were observed
between control and treatment groups. Omeprazole plasma levels

were significantly higher in 12-14 day old rats as compared with
-older rats (23-25 and 44-46 days of age). This age-related effect
may be related to differences in metabolism and/or absorption of
-omeprazole. Plasma concentrations. were proportional to dose for
‘the 12-14 and 44-46 day old rats; although, this was not found for
the 23-25 day old rats for unknown reasons.

Table 1. Mean omeprazole plasma levels {(pg/mL) in rats of
different ages treated with 14 ng/kg omeprazole administered by
oral gavage. ’

Age (Days) 15 min after dosing - 60 min after dosing_'
M : F M ' F
12 to 14 7.59 < J4x90 - |3.81 3.62
23 to 25 0.39 ;. |o’ss 0.09 0.062
44 to 46 0.15  F f. 0.47 _{o.028
Table 2. “~Mean omeprazole plasma levels (ug/mL) in. rats of

different ages treated with 69 mg/kg omeprazole administered by
oral gavage.

Age (Days) 15 min afté: dosing 60 min after dosing
M F . . IM F

12 to 14 30.08 36.86 o . ]13.53 17.90

23 to 25 0.275 ~ ]0.887 ~ Jo.036 0.038

44 to 46 0.981 C{2.97 0.086 0.459




Plaswa drug levels were examined following oral administration
of 14 or 69 mg/kg/day omeprazole for 2 days to 12-14 day old rats
(immature animals), 23-25 day old rats (newly weaned animals), and
44-46 day old rats (young adults). -Omeprazole plasma levels were
gignificantly higher in 12 to 14 day old rats as compared with
older rats (23-25 and 44-46 days of age) . This age-related effect
may be related to differencés in metabolism and/or absorption of
omeprazole. Young rats (12-14 days) way have immature liver
function and are unable to significantly metabolize omeprazole as
contrasted to adult rats, where the drug undergoes a significant
first pass effect. -

2.6.5 TOXICOLOGY

Single Dome Toxicity of Omeprazole in Young Rat;_s' after oOral
Adminigtration (Report No. T2755/8tudy No. 92021).

Testing Liaboratorvy: U b(4)
Study Started: March 25, 1992

Study Completed: January 13, 1994

GLP Requirements: A statement of compliance with the GLP
regulations and quality assurance unit was included.

Animals: 10 to 13 day old male and female Sprague Dawley rats at
the initiation of dosing. 1Initial mean body weights were 25.5 to
29.2 grams for males and 25.4 to 27.7 grams for females.

Drug Batch: Omepi‘azole, Batch 599,
‘Methodg: This study examined the single dose toxicity of

omeprazole administered by oral gavage to young rats (10-13 days of
age). Dose levels were 0, 190, 260, 380, 520, and 2100 ng/kg (0,

540, 750, 1100, 1500, and 6000 pmole/kg}. The vehicle used for
test formulations was a hydroxypropyl methyl cellulose solution.
The volume administered was 10 mL/kg. Pregnant females were

obtained and allowed to give birth in the laboratory. Animals were
treated when they were 10-13 days of age. Each group consisted of
‘6 males and 6 males from 3 different litters (2 males and 2 females
from each litter). Animals were observed for clinical signs and
mortality at least once daily for 21 days after dosing. Animals
were weighed prior to“dosing and surviving animals were weighed
daily throughout the study. Dams were removed 4 to 6 hr prior to
dosing, thus animals were fasted before dosing. The dams were
returned to the young animals at 0.5 to 1 hr after treatment. Food
consumption was not measured. The behavior of the mother towards
the young was monitored following treatment. All animals were
autopsied following death/sacrifice or at termination. The autopsy
encompassed abdominal, thoracic, and cranial cavities, with their
respective organs and coatings. ‘



' 1. Observed Effects: Reduced motor activity, reduced respiratory
frequency, tremor, and/or intermittent clonic/tonic were observed
at all dose levels. In conjunction with conwilsions or a marked
reduction in motor activity, dyspnea and cyanosis were noted-at all
dose levels. The incidence, degree, and duration of these clinical
signs increased with increasing dose. Reduced motor activity and
reduced respiratorjffrequency were observed within 30 min for the
380, 520, and 2100 ‘f§/kg groups and 3 to 5 hr for the 190 and

260 mg/kg groups. 7 These signs continued for 1 to 2 days after
. treatment. Convulsions and/or tremors were found within 30 min for
the 2100 mg/kg group and 2 to 5 hr at other dose levels. These
signs continued for 6 to 12 hr, or until death.

2. Mortality: Mortality was observed at 260, 380, 520, and

2100 mg/kg a8 noted in Table 3 below. Death for several animals in
the 380, 520, and 2100 mg/kg groups occurred within 3 to 22 hr
after treatment. One male in the 260 wmg/kg group and several
others in the 380 and 520 mg/kg group were sacrificed on days 1
and 2. . :

Table 3. Incidence of mortality and convulsion for 10 to 13 day
old rats treated with a gingle oral dose of omeéprazole (Adapted
from Sponsor’s Table on page 15 in Study No. 92021).

Dosge Number of animalsg with Number of animals that

ng/kg convulsions died or were sacrificed.
M F M F B

0 0/6 0/6 0/6 0/6

130 jo/e 0/6 0/6

260 do/6 1/6 0/6

380 3/6 6/6 6/6

520 5/6 6/6 6/6

2100 6/6 6/6 6/6

3. '‘Body weight: Mean body weights for male controls on days 1 and
21 were 29.2 and 137 grams, respectively. Weight gain for the male
190 and 260 mg/kg groups were 94 and 91.9% of the control,
respectively. Mean body weights for female controls on days 1 and
21 were 27.7 and 126 gramg, respectively. Weight gain for the
female 190 and 260 mg/kg groups were 97.2 and 88.4% of the control,
respectively. ' :

ey d
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4. Histopathology: Pale livers were observed for several animals
_in the 260, 380, and 520 mg/kg groups that died or were sacrificed
on days 0 to 2. For the 2100 mg/kg group, all animals died within
6 hr of treatment with no macroscopic indications of effects on the
liver. Microscopic examination of these livers from animals in the
260, 380, and 520 mg/kg groups found slight atrophy with decreased
amounts of hepatocellular cytoplasm. The c¢ytoplasm had a slightly
foam or vacuolated appearance. This effect was probably related to
starvation in these animals.

Young rats (10-13 days old at the initiation of the study)
were treated with a single dose of omeprazole administered by oral
gavage at dose levels of 0,. 190, 260, 380, 520, and 2100 ng/kg.
Mortality occurred at the 260, 380, 520, and 2100 mg/kg. Reduced
motor activity, reduced respiratory frequency, tremor, and/or
intermittent clonic/tonic were observed at all dose levels. The
minimum lethal dose for 10-13° day old rats was 260 mg/kg as
compared to 2600 mg/kg-for adults. The maximum nonlethal dose for
10-13 day old rats was 190 mg/kg as compared with 2210.7 mg/kg for
adult rats. These differences in toxicity between young and adult
rats may be related to the significantly higher plasma drug levels
found in young animals as compared with adults receiving identical
-dosages. . '

Doge Finding Study of Omeprazole Given Orally to Younqg Ratsg for Up
to 8 dayg (Report .No. T2756/Study No. 92037).

b(4)

‘Testing Laboratory:

Study Started: May 26, 1992
Study Completed: January 12, 1994

GLP Requirements: A statement of compliance with the GLP
regulations and quality assurance unit was included. :

Animals: Male and female Sprague Dawley rats with age ranges of 11
to 12 days and 13 to 14 days. Mean body weights for males ranged
from 23.9 to 26.9 grams and females ranged from 24.3 to 25.8 grams.

Drug Batch: Omeprazoiéy Bdtch 599.
gL R

Methods: This study’ekamined the toxicity of omeprazole given by
oral administration to young rats (11-12 days of age) at doses of
69 and 140 mg/kg/day (200 and 400 umole/kg/day) for 8 days. A
further two groups of rats (13-14 days of age) were treated with
140 and 210 mg/kg (400 and 600 umole/kg/day) for 2 days. The rats
from the two dosing experiments were observed for 7 and 6 days
following the last day of drug administration. This study was
intended to identify dosages for use in a subsequent 1 month
toxicity .study with young rats. The vehicle used for test

i1



formulations was a hydroxypropyl methyl cellulose solution. The
volume administered was 5 mL/kg. For the 210 mg/kg group, the
administration volume was 7.5 muL/kg. Pregnant females were
obtained and allowed to give birth at the laboratory. Animals were
treated when they were 11-14.days of age. Each group consisted of
6 rats/sex from 3 différent Yitters (2 rats/sex from each litter).
Animals were observed'frequently during the first 2 to 3 days of
treatment for clinicalkisigns, and then daily for the remaining
period of the study. All animals were weighed immediately prior to
the start of dosing and then daily throughout the remaining period
of the study. Food and water consumption were not measured. All
animals were autopsied following death or at termination. All
animals were autopsied following death/sacrifice or at termination.
The autopsy encompassed abdominal, thoracic, and cranial cavities,
with their respective organs and coatings.

Resulta:

1. Obgerved Effects: One animal in the 69 mg/kg/day group
displayed signs of respiratory distress and convulsions for
approximately 2 min after treatment on day 1. No other effects
were found in 69 mg/kg/day group for the remaining period of the
study. One animal (11-12 days. old) in the 140 mg/kg/day group was
found with reduced wmotor activity 'and intermittent clonic
convulsions within 3 hr of dosing on the first day of treatment.
Reduced motor activity as well as reduced respiratory frequency
persisted in this animal for another 4 hr.

2. Mortality: One male (11-12 days old) in the Control group was
found dead on day 2. "Histopathological analysis -found pleuritis
and pericarditis in this animal. One male.{(13-14 days old) in the
140 mg/kg/day group, felilowidg treatment on-days 0 and 1, was found
dead on day 3. Histopafthological analysis found bronchopneumonia
in this animal. One male and one female (13-14 days old) in the
210 mg/kg/day group, both displaying. significant clinical signs,
were found dead on day 0 (5 hr after treatment) and day 1 (23 hr
after treatment), respectively. Clinical signs for these two
animals in the 210 mg/kg/day group included reduced motor activity
and reduced respiratory frequency occurring from 1.5 to 3 hr after
treatment until death. C ' :

3. Body Welght: Mean body weights for the male control group on
days 0 and 8 were 26.9 and 48.0 grams, respectively. Weight gains
for the male 69 and 140 mg/kg/day groups following 8 days of
treatment were 105.7 and 93.4% of the control, respectively. Mean
body weights for the female control group on days 0 and 8 were 25.8
and 45.7 grams, respectively. Weight gains for the female 69 and
140 mg/kg/day groups following 8 days of treatment were 110.0 and
89.4% of the control, respectively. .

i
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Young rats (11-12 days of age) received omeprazole by oral
administration at doses of 69 and 140 mg/kg/day for 8 days.
Further, two groups of rats (13-14 days of age) were treated with
140 and 210 mg/kg/day for 2 days. Treatment-related mortality was
observed for 2 animals in the 210 rg/kg/day group. One animal (11-
12 days old) in the 140 mg/kg/day group was found with reduced
motor activity and intermittent clonic convulsions within 3 hr of
dosing on the first day of treatment as well as reductions in motor
activity and vrespiratory frequency that persisted for 4 hr;
however, no further signs were found in this or any other animal of
this group. One animal in the 69 mg/kg/day displayed brief signs
of respiratory distress and convulsions on day 1; however, no
further signs were found in this or any other animal of this group.
‘Based. upon these results, the sponsor chose doses of 14, 31, 69,
and 140 mg/kg/day for the 1 month study.. :

it

General Toxicity of@éﬁeprazole Given Orally to Young Rats for 1
Month (Report No. T2793/Study No. 92119).

Testing Laboratory: — b(4)
Study Started: February 11, 1993

Study Completed: April 11, 1994

GLP Requirements: A statement of compliance with the GLP
regulations and quality assurance unit was included.

Animals: Male and female Sprague Dawley rats were 14 to 15 days
old at the initiation of treatment. Mean body weights for males
ranged from 36.0 to 37.2 grams and females ranged from 34.4 to
36.5 grams. .

Drug Batch: Omeprazole, Batch- 599,

Methods: This study examined the oral toxicity of omeprazole given
by daily oral gavage to young rats (14-15 days old when dosing
-commenced) at 0, 14, 31, 69, and 140 mg/kg/day (0, 40, 90, 200, and
400 pmole/Kg/day) for 1 month. The vehicle used for test
formulations was a hydroxypropyl methyl cellulose solution. The
volume administered was 5 mL/kg. Each group consisted of 12 rats/
sex from 6 different :litters. Pregnant females were allowed to
give birth at the labgyatory. The litters (standardized to 2 rats/
sex before the initfation of treatment) were housed with their
mothers until 25 days of age. Animals were observed for clinical
signs frequently during the initial 3 days of treatment and then
daily throughout the remaining period of the study. A
comprehensive clinical examination of each animal was performed
once a week. Animals were monitored for mortality twice a day.
Animals wexe weighed daily during the initial 14 days of the study
. and then three times a week for the remaining period of the study.

13



Measurement of food consumption started on experimental day 14 (3
days after separation of the young from their mothers) and
consisted of recording consumption two to three times per week for
. the animals in each cdge. Water consumption was measured 2-3 times
per week beginning on experimental day 14. The mean daily food and
water consumption.perddnimal was calculated for each group and sex.
Urine and blood samples were collected after 3 weeks of treatment,
when animals were 36 to 38 days old. Urine samples were collected
overnight with 2 animals from each cage placed in a metabolism
cage. Water consumption was recorded and urine was collected under
refrigeration. Blood-samples were collected the following day from
the orbital plexus. At the end of the treatment period, rats were
anesthetized with pentobarbital and exsanguinated. . Autopsy
encompassed the abdominal, thoracic, and cranial cavities with
their respective organs and coatings: Tissue samples for
microscopic analysis were taken from all rats. '

Additional groups treated with 14 and 69 mg/kg/day were
included for toxicokinetic analysis. These groups consisted of 4
rats/sex from 2 different litters. Blood samples were collected
from animals in the toxicokinetic groups following 10 days of
treatment when animals were 24-25 days old. Samples were taken 15
min after dosing. In addition, blood samples for measurement of
plasma drug levels were collected from all primary study animals
following 1 month of treatment, when animals were 42-43 days old.
These samples were collected at- 0 and 15 min after dosing from 4
rats/sex of each group. Plasma concentrations of omeprazole in
young rats were determined by liquid chromatography. The limit of
quantitation was 39.05 ng/mL (125 nmole/L) of plasma.

CEG RN

Results:

1. Observed Effectg: One male in the 140 mg/kg/day group showed
piloerection, dec¢reased motor activity, and abdominal respiration,
30 min after treatment on day 1. No other signs were observed
throughout the remaining period in the study.

2. Mortality: Two male controls (day 22 for blood chemistry), 1
male in the 69 mg/kg/day group (day 28 for plasma drug levels), and
1 male in the 140 mg/kg/day group (day. 28 for plasma drug levels)
died during anaesthesia for blood sampling. One male in the 31 mg/
kg/day was sacrificed on day 8 (22-23 days of age), and 1 female in
the 31 mg/kg/day was found dead on day 12 (26-27 days of age),
about 10 min after treatment. The deaths of these two animals in
the 31 mg/kg/day group appeared to be related to gavage error. One
male in the 140 mg/kg/day group was found dead on day 3 at an age
of 17-19 days; the cause of death was not explained by the sponsor.
One female in the 14 mg/kg/day satellite group was found dead on
day 3; the cause of death was not established.

14



3. Body Weight, Food Consumption, and Water Comsumption: "There
were no significant effects on body weight gain, - food consumption,
or water consumption for male and female rats treated with
omeprazole for 1 month. Body weights for male controls on days 0
and 28 were 36.3 and 207.7 grams, respectively. Body weight gains
for the male 14, 31, 69, and 140 wmg/kg/day groups were 102.9, 95.9, -
96.3, and 94.2% of the male control, respectively. Body weights
for the female controls on days 0 and 28 were 35.5 and '165.2 grams,
respectively. Body weight gains. for the female 14, 31, 69, and
140 mg/kg/day groups were 101.3, 100.4, 99.7, and 96.3% of the
female control, respectively. Slight increases of food consumption
(<10%) during weeks 2 and 3 were observed for the male 14 mg/kg/day
group and the female 14 and 31 mg/kg/day groups. Water consumption
for the female 14 mg/kg/day group was increased to 115% of the
control (23.8 mL/animal/day).

4., Hematology:

A, Males: White' blood cell counts for the male 14, 31, 69,
and 140 mg/kg/day groups.were decreased in a dose-related manner to
84.6, 74.3, 70.5, and 67.9% of the control (7.8 x 10° cells/L},
~ resgpectively.

Red blood cell counts for the male 31, 69, and 140 mg/kg/day
groups were increased to 104.9, 108.2, and 104.9% of the control
(6.1 x 10" cells/L), respectively; however, changes were small and
no dose vresponse vrelationship was evident. Decreases of
hematocrit, hemoglobin content, mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
content {MCHC) were observed sporadically in all male treatment
groups; however, changes were generally <10% and the dose response
relationship was relatively flat. The sponsor has suggested that
these changes may be indicative of a hypochromic, microcytic
anemia. This would be classified as a very mild anemia.

B. Females: White blood cell counts for the female 69 and
143 mg/kg/day were both decreased to 73.1% of the control (7.8 x
107/L) . .

As noted for males above, decreases of hemoglobin content,
mean corpuscular volume (MCV), mean corpuscular hemoglobin {MCH) ,
and mean corpuscular hemoglobin content (MCHC) were observed
sporadically in all female treatment groups; although, changes were
generally <10% and the dose response relationship was relatively
flat. These changes may be indicative of a hypochromic, microcytic
anemia. . :
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5. Blood Chemisgtry and Urinalysis:

A. Male Blood Chemigtry: Urea levels for the male 14, 31, 69,

and 140 mg/kg/day wefé increased to 124.3, 117.1, 125.7, and 114.3%
of the control (7.62mmol/L), respectively; although. the  dose
response relationshipiwas relatively flat. Creatinine levels for
the male 140 mg/kg/day group were decreased to 92.1% of the control
(38 pmole/L). Alkaline phosphatase activity for the male 140 mg/
kg/day group was increagsed to 118.6% of the control (4.3 gkat/L). -
Phosphate levels for -the male 14, 31, 69, and 140 umole/kg/day
groups were all decreased to 89.7-92.3% of the control (3.9 mmol/
L) . Magnesium levels for the male 14, 31, 69, and 140 mg/kg/day
groups were all increased to 107.2-111.3% of the control

{0.97 mmol/L).. Small and sporadic changes- {<10%) of alanine
-aminotransferase act1v1t¥ total protein, the albumin to globulin
ratio, Na*, Cl°, and Ca‘ were obgerved for the malé treatment
groups. Changes of urea and electrolytes could be reflective of
kidney damage. Changes in alkaline - phosphatase and alanine
aminotransferase may be indicative of liver damage observed in the
140 wmg/kg/day group.

B. Female Blood Chemistry: Glucose levels for the female 69
and 140 mg/kg/day groups were increased to 115.1 and 114.0% of the
control (8.6 mmole/L), respectively. Urea levels for the female
14, 31, 69, .and 140 mg/kg/day groups were increased to 120.9,
132.8, 122.4, and 137.3% of the control (6.7 mmole/L),
regpectively; although, the dose response relationship — was
relatively flat. Total protein levels for the female 31, 69, and
140 wg/kg/day groups were .increased to 103.3-105% of the control
{60 g/1).. Albumin lgvels for the female 31, 69, and 140 mg/kg/day
group were all increased: to 103.4% of the control (29 g/L);
although, only the k&O mg/kg/day group was différent. Potassium
levels for the female 14, 31, 69, and 140 wmg/kg/day groups were
increased to 106.4-108.5% of the.control {4.7 mmole/L); although,
only the 69 and 140 mg/kg/day groups were different. Magnesium
levels for the female 14, 31, 69, and 140 umole/kg/day groups were
increased to 103.8-111.4% of the «control (1.05 mmole/L),
regspectively; although, the 69 wmg/kg/day was not different.
Changes of urea and electrolytes could be reflective of kidney
damage.

C. Male Urinalysig: There were no significant differences in
urinalysis (i.e., volume, pH, solute particles, protein, glucose,
methylketone, hemoglobin, bilirubin, erythrocytes, leukocytes,
epithelial cells, and casts) between male control and treatment
groups. :

D. Female Urinalysis: There were no gignificant differences
~in urinalysis between female control and treatment groups.

BE. 4
o AL -4
144

5%

16



6. Vital Signs, Physical Examination, and Ophthalmic Examinations:
No measurements were reported.

7. OQrgan Weights: Changes in absolute and relative organ weights:
were observed for several organs (i.e., the heart, stomach, thymus,
lungs, and kidneys); however, histopathological changes were
principally confined to the liver, thymus, and lungs in the 140 wg/
kg/day group. :

Liver: The relative liver weight for the male 140 mg/kg/day
group was increased to 108% of the control (5.0%). :

Thymus: Absolute thymus weight for the male 69 and 140 ng/
kg/day groups were decreagsed to 87.4 and 83.0% of the control
(0.887 g); although, ,only the 140 mg/kg/day group was different.
Absolute thymus weight for the female 69 and 140 mg/kg/day groups
were decreased to 81.6 and 91.1% of the control (0.678 gl;
although, only the 140 mg/kg/day group was different. The relative
thymus weight for the 140 mg/kg/day group was decreased to 85.7% of
the control (0.42%).

Lung: Relative lung weights for the female 31, 69, and
140 mg/kg/day groups were increased to 114.5, 109.7, and 111.3% of
the control (0.62 g), respectively. )

Heart: Relative heart weights for the male 31, 69, and

- 140 mg/kg/day groups were increased to 111.4, 113.6, and 111.4% of
the. control (0.44%), respectively. Relative heart weights for the
female 14, 31, 69, and 140 wmg/kg/day groups were .increased to
108.7, 108.7, 115.2, and 110.9% . of the control (0.46%),
respectively. Increased heart weights may be related to an iron
deficient anemia; however, there were no correlative histological
changes. '

Stomach: Absolute stomach weights for the male 69 and
140 mg/kg/day groups were increased to 106.8 and 107.4% of the
control (1.48 g), respectively; although, only the 140 mg/kg/day
group was significantly different. Relative stomach weights for
the male 69 and 140 mg/kg/day groups were increased to 111.1 and
115.3% of the control. (0.92%), respectively. Absolute stomach
weights for the female.14, 131, 69, and 140 mg/kg/day groups were
increased to 106.2-118.2% of the control (1.28 g); although, only
the 140 mg/kg/day wa® significantly different. Increased stomach
weights were probably caused by an omeprazole-induced increased in
gastrin release as observed in adult rat studies. :

Kidney: Relative kidney weights for the male 14, 31, 69, and

140 wmg/kg/day groups were increased to 104.7, 109.4, 109.4, and
107.1% of the control (0.85%), respectively. -
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8. Gross Pathology: For ;the male 140 mg/kg/day group, 1 of 12
animals was reported;with solidifications in the lung and another
was reported with a ;pale discoloration of the liver. For the
female 31 mg/kg/day -group, 1 of 12 animals was reported with a
kidneys of reduced size that had a pale discoloration.

9. Histopathology: Bone marrow hyperplasia was observed in the
31, 69, and 140 mg/kg/day groups. For the 31 mg/kg/day group, only
1 of 24 animals was found to have bone marrow hyperplasia and the
grade was only 1, Bone marrow hyperplasia may have been a
compensatory response to alterations in white and red blood cell
parameters. For the liver at 140 mg/kg/day, hyperplasia, lymphoid
cell infiltration, and congestion were observed, and may correspond
to elevations of alkaline phosphatase and alanine aminotransferase.
There were no significant pathological changes in the gastric
mucosa, which have been reported in adult rat studies.

Table 4. Percentage Incidence of Histopathological Findings for
Rats treated with 0, 14, 31, 69, and 140 mg/kg/day omeprazole by
oral gavage for 28 days.

Histopathological Findings ‘0 ) 14 31 69 140
' M |F Im |F M |7 |m {F |n |F

Bone marrow, sternal

~-hyperplasia/granulocytic 0 o 0 0 o 1 2 0 2 2
-hyperplasia/erythroid 0 0 0 0 0 1 2 0 2 2
-hemorrhage > Q 0 0 0 0 0 0 1 0 0

- B A

Stomach S e

-parietal cell degeneratitn |0 0 0 0 o] 0 1 0 0 0
-lymphoid follicular st Yo 1 0 0 0 0 2 0 0 1

enlargement 0 1 0 o (¢} 0 0 0 0 ¢]
-congestion

Liver

-hyperplasia 1] 0 0 0 0 ¢} 0 0 1 (+]
-lymphoid c¢ell infiltration |1 0 0 0 0 0 0 0 2 0
-congestion o 0 0 0 0 1 0 0 1 0
Thywmus ;

-Atrophy 0 v} 0 g |1 4] 0 0. 1 . 0
Kidney ’

-pelvic dilation 0 3 0 0 vy 1 3 111 0
-congestion 2 0 0 0 0 1 0 0 1 0
-tubular hyperplasia -0 o jo 0 0 4] 0 1 0 (4]
-renal hypoplasia 0 1] 0 0 .0 1 0 0 0 (¢]
Lungs . '

-lymphoid hyperplasia 0 0 0 0 0 0 (4} 0 1 ¢]
-bronchopneumonia o] 0 0 0 0 0 [ ¢] 1 0
-granuloma 0 0 0 0 0 0 0 0 1 0
-atelectasis 2 0 0 0 0 0 1 0 0 0
‘~congestion 2 0 0 0 0 1 1 0 1 4]
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10. Drug Plagma Levels: Plasma levels of omeprazole were
approximately proportional to dose on experimental days 10 and 28,
15 min after dosing. Plasma levels tended to be higher in females
than males. Analysis of plaswma drug levels in 42-43 day old rats
on experimental day 28, 15 min before dosing -found no detectable
levels of omeprazole.

Table 5. Plasma levels of omeprazole in young rats (24-25 daYs
0ld) on experimental day 10, 15 minutes after dosing.

Plasma omeprazole levels, ug/mL
Dose (mean + standard deviation)
mg/kg/day Male ‘Female
14 1290.5 &+ 174.9 | 343.6 & 203
69 C| 1387 & 1334 4467 i+ 4623
Table 6. Plasma levels of omeprazole in young rats (42-43 days

old) on experimental day 28, 15 minutes after dosing.

Plasma omeprazole levels, ug/mL

Dose : (mean it standard deviation)
mg/kg/day Male Female

0 _ 0 0

14 187 + 106 | 265 + 78.1
131 | | 240 + 875 1118 1 787
69 . - ‘ 1484 i 587 1921 4 1403
140 ‘ 2109 + 1709 4873 3 3155

. Omeprazole was given by oral gavage to young rats (14 to 15
days old when dosing commenced) at 0, 14 9. and 140 mg/kg/day
for 1 month. The no effect level was BIaﬁaéfgskg/day. One male in
the 140 mg/kg/ddy grou’~die@‘on day 3 of umexplained causes. White
blood cell counts wergfdecreased between 15 and 30% for all male
treatment groups and €He female 69 and 140 mg/kg/day groups. Bone
marrow hyperplasia was found in the 31, 69, and 140 wg/kg/day"
groups and may have been .a compensatory response to changes in
white and red blood cell parameters. Absolute and relative thymus
weights were decreased in the 69 and 140 mg/kg/day groups and may
be indicative of a stress response to omeprazole treatment. Liver
- hyperplasia, 1lymphoid cell infiltration, and congestion were
obgerved at 140 mg/kg/day. Plasma levels of omeprazole were
approximately proportional to dose on experimental days 10 -and 28,
15 min after dosing. Plasma levels tended to be higher in females
than males.

APPEARS THIS WAY ON ORIGINAL
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- Esomeprazole Mdgneslum. 1-Month Oral (Gavage) Tox101ty Study
in the Neonatal Sprague-Dawley Rat
£ (900404)

Testing Laboratories: —_— b@a)

—

Study Start and Completion Date: May 17, 2004 and
February 28, 2006

GLP Requirement: Spongor included a. statement of compliance
with
GLP regulation and a guality assurance statement.

Animals:

Male: 13.9-14.6 g, 7 days old
Female: 13.4-13.8 g, 7 days old
Harlan Sprague-Dawley (Hsd:SPRD.SD?)

Drug Batch No.: 800/02

Methods: The toxicify of H 199/18 magnesium ‘wasg characterlzed
in neonatal rats. There are three phases in this study. In the
phase I study, threeﬁgrouns of rat pups were given esomeprazole
(0, 93 or 280 wg/k§.  or* omeprazole (140 ng/kg) orally, once
daily, for 28 days, from Day 7 to Day 34 post partum. The study
design for phase I was summarized in Tables 3-4 in this report.
These tables are attached below.
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Table 3 Groups and dese levels: Phase T, main study and recovery antmats

Groop  Subset” Noof Animal reference bers Treatment® Daily dose levels

animals
pmeltkg  mgfkg
Main sfudy szivnals (subset 4)
1 A 1o 1001-1019 Vehiclecontrof 0 [}
) 16F 1501-15t8 ’
2 A 0 20013010 . Esomcprazole 278 o
. " I0F 2561-2518 . .
3 A UM° 3001, 3603, 3003, 3007-3010, Erowmepraxoie 300 280
3032-3055*
11F¢ 3501, 3503, 3305, 35073510,
3552-355%°
4 A 16M 40014010 Omeprazole 460 140
10F 45014510 :
Recovery animals (sabsot B)
1 8 10M* 0R1-1020 . Vehicle confral 0 0
10F 1511-1520 .
2 8 10M 2011-2020 . Esomeprazole 270 - 93
10F 2511-2520
3 B 10M 3011, 30134 3013, 3017-3020, Esomeprazele 800 280
- 3062-3054
167 3311, 3513, 3515, 35173520,
15623564
4 B 10M 40114020 ~ Omeprazale 00 140
10F 45114520 o
a  Oue pupizex/litter from 10 separate littere was randomly assigned to subsets A, B, C and D as illustoatedt in
Appendix A (Avsigument to groups). The aniruals i subset A were freated for | month and then
eutbanised the day after the final dose (on Day 35 past paritr). Those in subset B weze alio dosed for
1 mouth, but wese sllowed s 3-month recovery pesiod prior fo necrapsy (on about Day 123 post partum)
b All doses and concenfrations referved to if this veport are axpressed in termes of fhe pavent form of the test
compaind, ie, neutral ssomeprezole or caeprazole oo .
¢ RatNe 3055 tas found dead on Day 27 post partum (after 21 days of trextmenf), ie, prior fo the miended
date of necropsy. - Au 2dditional male antmisl was thenefore included in $his subset. Rat No 3554 was
enthanised as mosibund on Day 23 post partum (after 17 days of treatment), is, priot to the infended date of
gecropsy. An additiouat female animal was therefive inchudad in this subset
d  Because of excessive montality noted for the Group 3 pups at the begiming of the stady, additioual litters

were added fo the study io ensure that a safficient mumber of pups would be avsilsble (o poppiat: e
variout subsets. This is fhe reason for the nou-sequeatial smanbers in this group

RatNo 117 (male) was fomnd dead op Day 123 post parivm (newz the end of the recovery period), atNo .
3517 (feanale) was found dead on Dq;’f{{pps! partum (after about 5 weeks of recovery), and rat Ko 356
(fernale) was found dead on Dy 122 piespartim {near the end of the recavery pericd). None of these rats
were replaced )
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Table 4 Graups and dose-lét'els: Phase 1, toxicokinefic evaluation Dose Day 28

Group ~ Sabset® Noof . Asimal reference nunbers Treatruent® Daily dose levels

anhinaly .
wmolkg mykg
Satellite animals for toxicokinetic evaluati on Day 28 of dusing (subsets C and D)
1 C ™ £021-102% Vehicle control & 0
F 11a07 ’ : .
D ™ 1031-1937*
7F 1535153
2 [o ™ 2021-2023 ' Esomeprazole 270 23
025V .
D M 2031-2038
F 25312537
3 C (151 3002, 3022-3024, 3026, 3027  Esomeprazole &0 280
: F 3502, 3504, 3527, 3529, 3530,
3571, 3573
D ™ 3012, 3016, 303130353037
F 3531,3533, 3535, 3537, 3838,
3383, 387"
4 [ ™ 40214627 " Omeprazole 460 140
ki3 45214507 : )
D ™ 40314637
Fiy 433145337
& Onz pup/sexiTitter from 10 separate litiers was randomly assigned to subsefs A, B, C and D as ilusérated in
Appendix A fAssigument to groups). The animals insubsets C and D were treated for 1 month and blood
iples for toxicekinetic svaluation were tiken on the fiusl day of dosing {on Day 34 post partum)

b  Blood sumples for 'FK evaluation were takan from 4 rata/sex aud group at 2 different tire poirus after
dosing in tha control groug (Group §), nnd fow 6 fo § rats’sex at 7 difesent tinrepodats after dosing in the
groups treated with esomeprazole or enieprazole (Groups 2 t0 4). A mavirsam of 2 sanples was taken from
ezch individnal rat . ) . .

¢ Al doses aud concentrations referred 1o in thix report are expressed i terms of the pavent form of the test
compound, ie, neutral esomeprazole or oneprazole i )

d  Inthe contro! grovp the blood samplet taken fram the ficst 4 animalsisex and subse: were uted to confirm
the absence of the test compoursds in the plasea of the. costrol ammals. The blocd samples tzken from the
latt 3 eninale/Sex and subsed were used i an in vitro investigation of the plasma protein birdling of
esomeprazale fu various ages of rats . )

¢ Becausa of excessive moutality noted for the Group 3 pups af e begiming of the study, addifioual litters
weto added lo the study to enswe thet « sufficient aumber of pugs would be svailable to populats the
varions subsefs. This is the reason for the non-sequential oumbers in ihis growp

The parameters monitored in phase I were summarized in Table
. This table is attached below. ’
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Tahle & Summary of main investigations: Phase L mam stud;, aml recovery

animals
Groups & TotalNo  Assessment No per On days posi partum
subset, animals’ assessment
Groups 1.4,  10M+IOF  Developmental parmeters (dtmug the '
subsel & B dosing period):
{maain soxicity Observational battery 10M+30F 10,14, 17,21, 34
i““fg’m Ophthalmoscopy 10M+10F 3241
d :-‘i.“g.) 8 YET water maze . 1OMHIOF 2842
(‘hmcql paikology (at end of dosing):
Haanwiclogy IOM+IOF 35
Biochemistry (inchuding ssram LOM+16F 35
gastrin 24 howrs after doging)
Usinalysis (overnight} 1OM+10F  34.35
Necropsy (at end of dosing):
Organ weights 1OM+I0F 33
Grots pathology 10M+I0F 35

Histopathology {as appropriate + IOM+I0F . 35
gasm ECL-célls Gm\zps 1, 3 &

Groups 1-4, 10M+10F  Developmental parameters (dxmng both

subget B the dosing and recovery periods):
{Umain toxicity Eye openiag 1OM+I0F  From Day 12
;’““;’m S Augicudar dtartle resporsse - - LOM+ICF  From Day12
dosing & ' Observationa] battery IOMHIOF 10,14, 17,21, 34, 11722
1 monfhs’ Vaginal cpening 10F From Day 1§
TECOVEy) . Prepuital separation 106 From Day 38
Opldhalmoccopy IOMAHIOF 3241, 11742
Loconsotor activity 10M+30F 2831, 6042
HAaditory startls habitaation OM+H0F 3041, 5542
“E™water maze {OM+I0F 6343
Clinical pathology (during recovery):
Haematology 1OM+I0F 7042, 12242
Biochemistry (including serum: 10M+I0F 7082, 12242
gastrin 34 howrs after dosing)
Urtnatysis {orc:mgla) TOMAIOF  69.70x3, 12112233
Plasing  protein binding (at ead of
recoppey):
{ fime point (Gr«mp 1 only) COIOMHOFY 1334
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Table 5 Summary of main investigations: Phase I, main study, and recovery

animals
Groups & TotalNoe  Assessment No per O days post pacium
subset animals” ) AISESTIMER!
Necropty (at end of v '

Orgaa weights - 19M+IGF  About Day 125

Gross pathology 10M+10F  About Day 125

Histopathology (a¢ appropriate + 10B4+10F  About Day 125

_ . gasitic ECL-cells Groups 1,3 & 4)
Group 1, JOMH20F°  Tomicokinetics (st eud of dosing)
4ubesls C+D 2 time points SM=8F* #
{toxicokinetic/ Plaz protein binding (at end of
Teserve rts, dosing).
gfw” . 'tdmepoint - GMEEFY 34
steg) Reserve animals ) 6M+6F* As appropriate

Growgrs 24, 20M*20F  Toxicokinetics (at end of dosing)
tbsetz C 2 D 7 tine points aNLIRY 34
(toxicakimetic/ eserve ani A 6F* L
Tesenve fats, R ta . OML+GF As appro;
1 momth's
dosing)

a  Target mumber of amimals, inchuding dosed reserves in subsets C and D

b Semples for investisation of the fn vifro plasma protein binding of eprazole were tiken from the
coatirol anipwals ondy (Group I, subsets C and D af the ead of the dosing period and subset B at the end of
the recovery period)

¢ Total number of awimals in subsets € ud D together

d  Samples for toxicokinetic evatuation'were taken from 4M-HF animals per tinse point. & masizm of
2 sarnples wera teken froeu each individua rat

@ The last 3M+3F per group and subset in subsets C and D served as dosed spares, and were used a5
appropriately to replace other animaly in Plase [ T . }

In the phase II study, a group of 20 male and 20 female rat pups
were given omeprazolé 400 pmol/kg (140 mg/kg) orally once daily
for 8 days, from Day 7 to Day 14 post partum. Control animals
(4/sex) received the vehicle. -The. following parameters were
monitored: mortality and clinical observations, body weights, TK
and serum - gastrin. The animals were terminated following
‘completed blood collection on Dose Day 8 (Day 14 post partum) .
The study design and the parameters monitored for phase II were
summarized in Tables 6 and 7 in this report. These tables are
attached below. '
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Table 6 Groups aud dose Ievels: Phiase 11, {oxicokinefic evaluation Dose Daf 8

Group  Noofsnlmal’  Animol reference runbiers” Te & Daily dote levek
. umolky  mglhg
Satellite antinals for toxicokiuerte eraluarian on Day § of doting
b €l 50013004 . Vehicte contzal 0 o
4F $301-5504
6 19M 60015010 Omeprarole 300 40
18§F 6301-6510, 6_51?;?519

a  Bleod samples for TK evaluation wers taken from 4 ramfsex and group at s single time paint after dosing
the coutrot group (Group 5), and at § different tinte peints after donng in the group treated wath oneprazole
(Group 6). A cingle sanmple was taken from each fndividnal yat

b Someadditional animals wese bled in Oroup 6, but these samphes were mi ing from: the analysie (due w0
hnical problems) and thersfore tiese raws ave not inclnded in this table. The inteuded number afrate in
Growp 6 was 20M aud J0F. . However, witen samples were muissing, no repk Is were availabl
< All doses snd concentrations referred to in thie report are exprecsed in te1ms of fhe parent form of the gest
- coupound .
Tahkle 7 Summary of main investigafions: Phase [T, foxicokinetic evaluation Dose
Day 8
Group TotlNo  Assessrent No per On dayz past partuu
animals® -
Growp 5 AM#4F Toxicokinetics (at end of dosing)
¢ time point Ad+4E 11
Senun gashin (st end of dosing;
1 time point 44 14
Group 6 20M+20F°  Toxicokinetics (at end of dosing)
$ time poinis AT of 14
Serum gastrin (af and of dosing)
1 uzf:;omt B 4M44F 14
2 Trcgetwumber of animsly
b  Ssmph icokinetic ovaluation were taken frons 4MH4F animals per fime paint. & smgle seoiplewae

taken from each individual rat
¢ Sumples for setum gastin analysis were taken from 43$44F per grow, at the same time as bood was
sanpled for toxicokinetic evalustion, 2 howrs affer dosing

. In phase 111 study,';ﬁree E:r_oups of rat pups, each consisting of
up to 28 males and. 28 females, werec given esomeprazole or
- omeprazole orally once, on Day 7 post partum. The dose levels
were 270 or 800 umol/kg (93 or 280 mg/kg) for esomeprazole, and
400 pumol/kg (140 mg/kg) for omeprazole. A control group
- congisting of 20 males and 20 females received the vehicle. The
animals in phage III were used for blood sampling for
toxicokinetic evaluation only. Four pups/sex were bled at each
TK sampling time point. The study design and the parameters
monitored for phase III were summarized in Tables 8 and 9 in
this report. These tables are attached below. :
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Table 8 Groups and dose fevels: Phase I, toxicokinetic svaluation Dose Day1

Gronp  Noofamimals®  Animalrefereuce numbers* Treatment’ Daily dase levels
pmolikg  mglkg
Sateliite animals for tosicolduetic evatuation on Day Lof dosing
7 20M 79091-3011, 7013, 7015-7912¢ Vehicle control @ 9
20F 7:301.7516, 7518.7521°
-] 2684 80018005, 8008-86G13, Etomeprazole 279 93
8018.8022, 8024-8026,
8029-8032
5F 8302, 8503, 8505-8514,
8317-8529 .
9 4 $001-9009, 3012.9020, 9622, Esomeprazole 300 280
9023, $025-9029
8F ; 9501-9307, §500-9514,
9517-9521, 9323, 9524, 9526,
93289334 .
19 25M ' ‘1065119904, 10005-10008, Omeprazole 480 140
16042-106121, 10023-16027,
16029-10G31 .
28F 16501-1G506, 10508-10529

a  Blood sanples for TK evalimtion wite taken from 4 ratssex and group at 2 different time points after
dosing in the control graup (Growp 7); and.at 7 different time peints after dasing it the groups treated with
esoneprazole ar omeprazole (Groups § to 10}, A single sample was taken from each individual me

b Some addifional animals were bled in Groups 8, 9 and 10, but these samples were cither missing from the
aualysis (due to technical problers) or the smmple tubes were empty or contained an insofiicient quantity
for analysis, and therefore these sats are not inchided in this table. The intended manber of rts in Groups 8
%3 10 was 28M and 28%. However, when samples were missing, replacement animals were not always
available . :

¢ All dotes and cenceitrations teferned 1o in thit report are expressed in terms of the parent form of the test
compound

d  Inthe control group the blood satmples taken from e firet 8 amimals/iex wese uied to confiim the abgence
of the test compounds in the plasma of the confrol animals. The blood sarples token front the last 12
animale/sex were uted in am in vitro fnvestigation of the pk pratein binding o Jé it various
ages ofvats :

-3 T

4132 Swmnary of main iuvestigations and nunber of animals per assessment
This Summary is given for the Phase IIT antmals only, in Table 9 (see below).

Table ¢ Summary of main investigations: Phase IH, toxicokinefic evalaation
DoseDay 1 . )
Group TotalNo.  Assessment . Naper Qa days post partun:
. anjmals’ : : assassment
Group 7 20M+20F  Toxicokimetics (on first day of dosing) i
© 2 points BM+EFY 7
Plasma pctein binding (on first day of
dosing):gﬁ,;' . Eq o :
1 time point 4 DMHIFE 7
Group<8-10  28M=I8F  Toxicokiistics {on first day of dosing)

7 time fointe WU+BF 7

a  Target nuaiber of animals i
b Semples for toxicokinetic evatuation wete taken from 4M+4F animals per time point. A tingle cample was
taken from each individual rat )
¢ Swmples for investigation of the ia vifro plasma protein binding of esomeprazole were taken fom
. confro] animals only (Group 1). A single sample waq taken from each individual rat :
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The dose selection was based on the results of the previous
toxicity studies for esomeprazole (a l-month oral toxicity study
in neonatal rats, #900127) and the racemate omeprazole (GI.000-
012-011, 1996) in young rats. The two doses of esomeprazole
tested in the current study are the same as the mid and high
doses used in Study No 900127. The dose of esomeprazole (800
umol/kg or 280 mg/kg) resulted in mortalities (about 19%) in the
neonatal pups durind the' first days of dosing in Study No
300127. This. is ghe hlgh dose used in adult rats using
esomeprazole in earlier studies. The dose of omeprazole (400
pmol/kg or 140 mg/kg) was the high dose tested in both young and
adult rats in earlier studies.

Results:

1. Clinical Signs: Following clinical signs of toxicity were
ohgerved prior to death: cold to touch, labored breathing,
decreased activity, weak and/or thin. Clinical signs of

toxicity were summarized in Table 15 in this report. This table
is attached below. '

Table 15 Summary of preweaning, treatment-related clinical observations in
neonatal rat pups given esameprazole or emeprazale for up o 28 days

Climical signs . Group No aud tes " Group Noagd sex
iM o M IF Ir £33

i
E
-
L4

Dase level Guuolkg) ¢ 7 80 400 o 176 800 408
Test Componnd Con Ese Es0 Ome Con Eto Ew Ome
Neof animals pee group 4 ag 64 40 10 10 64 i
Activity decreased ¢ ¢ 1 0 ¢ ° 6 ]
Cold foouch ¢ ¢ 4 ¢ & © 2 0
Thin .0 i e ¢ ] s ¢
Fur steinng, muzzleicraginn 63 0 3 ¢ 0 9 5 0
Fur staimdug, wogenitsl region 0 i 09 ¢ o a2 [
Fiur stainiug, tharscic region(s) Gy 0 A 0 w0
Fur staining, abdewminaluaabas/ R
sxcral region(s) 8 [ 3 0 4 /] 12 0
Fur ctainiag, lindpaw(aVhindlingd{e) 0 n o 0 0 3 o
Skin ved anus 9 ¢ 7 ¢ 0 [ 3 ]
Fo o 1 0 ¢ 0 B0
Con= Coxtrol Ex= Erormeptazole QOuie~ Omeprazole
2. Mortality: A total of 37 (out of 128) dosed pups was  found

dead during the pre-weaning period (up to Day 18 post partum) in
the necnatal pups given 280 wg/kg esomeprazole. The majority of
these deaths occurred during the first 4 days of dosing. Six
litters were added to this group due to the high mortality in
this group. During the post-weaning treatment period, one male
.and one female given 280 mg/kg esomeprazole were found dead on
Dose Day 21 and 17 {(Days 27 and 23 post partum) respectively.
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One pup given 93 mg/kg esomeprazole was found dead on Dose Day 4
(Day 10 post partum) . The decaths were considered as treatment
related since the majority of deaths were in the high dose
group. However, the cause of death could not be determined.

During the recovery period, one control male was found dead
on Day 123 post partun. Two females  in the 280 mg/kg
esomeprazole-treated group were found dead on Days 71 and 122
post partum. . -

3. Body Weight: The mean initial and final body weights in the
control animals were 13.9 g and 118 g {(males) or 13.4 and 102 g

(females), respectively. Mean terminal body weight gain was
decrcased by 19% in males or 16% in females in pups given 280
mg/kg esomeprazole as compared to the controls. The body

weights for the 93 wmg/kg esomeprazole-treated pups and. the 140
mg/kg omeprazole-treated pups were similar to those of the
control group. The results were summarized in Tables 16 and 17
in this report. These tables are attached below. :

Table 16 Summary of pre-weaning body welghts and welghit gatns in neonatal
rafs given esomeprazole or omeprazole once daily

Dove Males Females .
{nimolkgl DoseDarl  DowDayls Gala Dose Dayv 1 DoseDayls  Gan

) Day Tpp Daylipr (% controll  Day7pp Day2lpp (3% control)
0 139407 519430 390 13406 50.8«1.9 374
270 (Beo) 144213 53,7439 39.3 (100) 13.5513 49.953.0 36.4(97)
860 (8s0) 15,1516 43.326.3¢¢ L 2970 13.7¢14 437642 30030
400 {Ome} 14.6£1.8 332225 33.6{99%; 138413 49.9:2.7 610N
¥ pgo.ol are 200,001 .
Ne {0 litters m the veliicle control, szomeprazote 270 pmolkg and 460 powlkg smaprazale groupe, 16 littere in
the esonieprazole 800 anwl/kg group
Eio: Evomepeazole Owe: Oweprarole

Qe §
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Table 17 Summary of post- mnlng and recovery body welghts and weight gafus
in fuv enile rats given ezomeprazole or omeprazole once daily for I
montl, followed by 3 wionths of recovery

Males {Subset 4) Males (Subset B) Females (Subeel A} Fewales (Subset B)
Body weights {g/antmal) : :
Dase Day24  Day3ds pp Dayld  Day3s Day34 Day3s Py ¥ DardSpp
Gunobk)) pp m____ B i o F o4
[ 6461 11328 63s4 13Rel6 62¢5 (0226 594 LifeR
270 (Es0) 6544 11648 6334 1367 60i6 10048 5844 11448
800 (Eso} $3aget  OBsifetr  SIxITF 119aQ1FF S3TC BRRI0TY S0AS%C jpduTeee
(Fecontro) (8 £33} () (&) (35 86) (L] 88y
400 (Ome) 6425 11528 635 14149 396 1008 3827 11426
Body weight g:iu (;lanhn{)
Dose B9y IS 35-11% 3438 35.119 24356 35-119
{pmolig) PP i d 4 4 w ”w bl
9 34 Na 73 360 L] Na 59 152
270 {Es; 34 NA n 326 4 NA 56 152
899 (Eso} 43 NA 68 343 35 NA 4 171
29 (Omey 5% RA 76 138 41 NA 56 166
* pi005 - * paG0f ]
Ezo= Esomeprazole Ome= Omeprazale
PP post paiunt : NA= ot apphenble
4. Food Consumption: The average food consumption in the

control group was 11-18 g/animal/day for males or 11-16
g/animal/day. Food consumption was lower in the high dose group
(9-17 g/enimal/day} as compared to the control. The food
consumption for the 93 mg/kg esomeprazole and the 140 mg/kg
omeprazole groups wae not affected.

5. Ophthalmoscopy: Anterior suture cataracts were found in 1
control male, 6 femalqs in the 280 mg/kg esomeprazole group, and
3 males and 3 females in the 140 mg/kg oweprazole group. The
lenticular opac1t1es were usually faint and unilateral and no
longer present during the re-examination on Day 117.

6. Developmental Parameterg: There were no treatment related
changes in eye opening, auricular startle, and vaginal opening.
The mean day of development of preputial separation for the 280

ng/kg esomeprazole -treated males was Day 47 post partum, as.
compared to Day 45 post partum in the control group. The mean
day of development for preputial separation was not affected in
the 93 mg/kg esomeprazole-treated males and the 140 mg/kg
omeprazole treated males.

7. Functional Observational Battery: There were no treatment
related changes.
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8. Behavioral Performance: There were no treatment-related
effects on locomotor activity and learning/memory-“E” water
maze. A statistically significant increase in mean maximum
startle was noted for the 280 ng/kg/day esomeprazole-treated
females and the 140 mg/kg/day omeprazole-tréated females. This
was not seen during the recovery period.

5. Hematology: Slight decreases (10-24%) in hemoglobin,

hematocrit, mean red c¢ell volume {MCV), mean red cell

haemoglobin (MCH), and mean red cell haemoglobin concentration
(MCHC) values were noted in the high dose group as compared to
the control. ' ) :

Slight increases in platelet count (15-21%), mean platelet.
volume (19-26%), red cell distribution width (RDW, 32-41%) and
reticulocyte counts (45-53%) were also found in the high dose
group as compared to the control. Thesc changes were recovered
during the recovery period. The results were presented in Table
23 in this report. This table is attached below.
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Table 19

Sumnmary of noteworthy haematology findings in juvenite rats glven

esomeprazele or omeprazole for 1 menth or affer 3 months of recovery

Bose {junolikg)/ . Males Females
parameier 0 0 360 400 6 170 sog 400
Test Compound Con Es¢ - Eso Ome Con Eso Eso Ome
RBC (10%:1 =

Day35pp 63 &t 63 67 65 69 65 68
. Recovery (F0=2pp) 85 86 - 83 8.5 81 8.5 82 34

Recovery (12242 py) 9.3 93 92 9.5 55 89 87 88
Hb (gdl)

Day 35 pp 129 16 1020+ 119* 135 129 1077 124

Recovery (1022 pp) 164 163 159 160 158 160 15.0 162

Recovery (1223 pp) 163 16.3 160 166 156 162 15.8 164
HT @S

Day35py 41 42 367 4 43 43 i 42

Recovery (T2 pp) 52 52 50 b3} 49 50 46 36

Recovery (12242 pp) 51 51 56 52 a8 50 48 50
MCV () ' ’

Day3Spp 66 s $Tees §1e 66 <] 56s=¢ . g1*

Recovery (7142 pp) 61 60 60 60 0 59 57* 59

Recovery (12242 pp) 55 S5 55 55 57 57 56 56
MCH (pg)

Day35pr 20 9 165+ 1% 3 19« 1o qges

Recovery (7122 pp} 19 19 19 19 19 19+ 1% g9

Recovery (12242 ppy 18 18 17 17 1] 18 18 19
MCHC (g/al) ’

Day 35pp 31 30%F  2ge 9w 3 306e+  Jgess 3geee

Recovery (7T1#2pp) 31 31 2 31 32 32 32 33

Recovery (142 ppy 32 2, 1 - 33 k} 33 33
RDW (%% ’ )

Day 35pp 151 g~ 204%% 183 9 168 19.73%¢+ 173+

Recovery (7122 pp) 107 . 11.8%  125%% 12293+ 104 116° 1339+ (25¢%s

Recovery (12242 7y 120 123 124 126 168 168 109 12
Flatelet (10°%4:1)

Day 35 pp 1705 1768 1955 1964 1724 1708 2091 1905

Recovery (7k224p) 1161 1203 1265 1244 1162 - 988 1208 194

Recovery (1242pp) 1109 1145 1142 1164 969 1048 1096 1140
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Table 19 Summary of note\.vorﬂly baesmatology findings tn juvenile rats given
esomeprazole or omeprazole for 1 wonth or after 3 months of recovery

Dose (penolflg) / ) Moales Females

parnmeter 0 270 806 400 ] 2% 80¢ 404
Tesi Comaponnd Coxn Eso Esa Ome Con Eso Eso Ome
MPV (L)
Day 35 pp 83 83 9G4 85 85 84 10.7 38
Recovery (FI<2 pp) 85 £1 82 9.1 28 20 £ 9.0
Recovery (12282 pp) " 638 ki 13 71 18 16 74 74
Reticuloeyte (1071
Day33gp 613 198+ L2 ¥ ana i 5 ¥4d 564 775 18 686
Recavery (712 pp) 194 193 pad 210 175 152 209 216
Recovery (12222 169 180 201 188 163 165 172 153
’ Rfdﬁll;wy(e )
Day35pp b2 119* 148 112 87 113 12.3* 1.4
Recovesy (1229 23 23 7 23 22 i3 26 26
Recovery (12222pp) 18 19 22 20 19 19 20 21
WEC (10%L) n
Day3spp 34 26 22 29 38 30 23 23
Recovery (U=2pp) 9.6 %9 103 93 a3 73 72 44
Recovery (11342 ps) 86 81 -91 §6 58 56 53 34
Lymphocytes (10%3d) -
Day35pp 7 23 18* 26 27 23 19 24
Recovery (M£2pp) 32 83 9.0 83 38 62 6.1 54
Recovery (12262 p)) 69 6.3 75 69 ERY 477 43 a6
¥ pse0s e p<0.0t % pE0.001
Cen= Controt " Eso=Escmeprazole QOma~ Omeprazofe.

©10. Clinical Chemistry:

Increases -in the alkaline phosphatase (16-26%), cholesterol (20-
29%), blood urea nitrogen (12-31%), serum iron (20-24%), total
iron binding capacity (TIBC, - 61-63%), 'and unsaturated iron
binding capacity (UIBC, 73-75%) were noted for the 280 mg/kg
esomeprazole-treated animals. For the 93 mg/kg esomeprazole-
treated animals, increases in the serum iron (34-56%), total
iron binding <capacity (TIBC, 26-27%) and unsaturated iron:
binding capacity (UIBC, 16-26%) were found. For the 140 mg/kg
omeprazole-treated animals, increases in the cholesgsterol ({15-
17%), serum iron {20-69%), total iron binding capacity (TIBC,
29-34%), and unsaturated iron binding capacity (UIBC, 17-38%)
were noted. These changes were not seen during recovery period.
The results were presented in Table 20 in this report. This
table is attached below.

32

TR



. Table 20

Summary of noteworthy blood biochemistry changes in juvenile rats
glven esomeprazale o omeprazole for 1 month or after 3 months of

recovery
Dose (umolkgl/ Males ’ L . ) Fewales
" parameter ] 1w 360 160 [] F1{ 8§00 400
Test compound Con Eso Eso Ome Con Eso. Eso Qme
ALP
Day35pp 188 204 237 283 162 162 188 186
Recovery (7122 pp) 124~ 133 144 134 98 105 104 97
Recovery (122:2 gy 91 88 100 89 6 E24 Bl 64
BUN
Day 35pp 17 17 19 17 16 17 1 ig
 Bocovery (F182pp) 18 19 1% 2 18 17 19 19
Becovery (1282 pp) 19 2 Pl 2 19 20 20 21
Cholesterol
Day3ipp o1 o0 117#**  105* 112 135 134+%  131%e
Recovery (713 pp) 106 . 101 104 116 166 106 9 119
Becovery (12222 pp) 111 131 140 180% 116 1 123 133
Iron
Day35gp 86 115 103 103 98 153 121 166
Recovery (7122 ppy 14 136 231 141 310 338 315 m
Recovery (12332 pp)  1R2 147 Is6 132 361 391 37% 316
TIBC ’
Day35pp 403 S13* 658%es Sq1vt a4 So7* 640F==  53ve
Recovery (1132 pp) 528 510 304 496 04 332 487 436
Recovery (12222 pp) 519 a7 476 433 535 536 525 487
UVIBC ) .
Day33pp 37 398* S55%es 437 305 354 528t 356
Recovery (12 pp) 374 3% 343 335 194 19 172 pid]
Recovery (12243 pp} 367 331 32 304+ 174 id45 149 17t
* p<0.05 * <0 . F* p20.00L
Cen=Control Eso=Esomeprazoldti Cave= Omeprszote

11. Serum gagtrin:

Eu

after dosing in both the esomeprazole-

animals as compared to the controls.
clearly seen during the recovery period.

summarized in Table 21 in this report.

below.
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Tabte 21 Semm gasiria levels (meani:SD) in juvenile rats 24 h affer oral
inictration of prazate or omeprazele

Sex Males Femates
Group 1 : 3 3 1 b 3 4
Test compound Con  Eso Eso Ome Cox Esws Ew Qume.
Dote (pmokkg) ] 276 800 400 [ pri ] 300 00
Setum gastein {pgiml ), 46 M3 I 139 38 1430 2387 723
Day 33 pg (dose phase, subset &A) £18 =58 +36 84 6 42 117 2132
% of cootrod value - 31 802 38 - 376 826 387
Seruta gastin (pgfml), 56 53 62 % 4 43 n 7
Day 7022 pp(subset B, recovery) #1820 +32 31 Ed =14 =23 £3

- Serum gastoin (pgl), 43 54 47 53 36 1 48 35
Day (3243 pp (ndent B, recovery) 211 238 +§2 =17 =+l 6 14 £2)
* 003 - p M ™ 001
Cone= Cordeal Eso- Esomeprarole Onac Canepeazote

12. Urinalysis: Therg'_were no treatment related changesa.

13. Organ Weights: . The absolute and relative stomach weights
{(to brain weight) were increased in both egomeprazole and
omeprazole-treated groups as compared to the controls. The
results were presented in Table 19 in this report. This table
is attached below.

Table 22 .5 h weight § 5D in ife raty afcer oraf admiaistration
of eremepramie or omaprazels

fa AMales Fuslax .
Crewp 1 3 3 E] 1 1 3 4
Tast sompocad Cew £ f£73 Ome Cox  Esa £x Ome
Bece (gmabty) & bl %0 408 (4 b2l #0 K

N Absoltze steivoch wwighr (7). 2] 11 3% L2 TR WAL 4 i

’ Iny 33 (sdnel 4) w01 008 4NIF  S0M @011 Al SO0 | 033

: Portative secuasch weight {19, 6 v gieee gIe @7 Tgaer giaes ghees
Dy 38 ap {odnes A) ESE I T S 7.0 #3451 53
% of Loutroel vt (Fel e WY - v n I - g m i1
Sirastare vroomot weeght (gl, 14 24 24 as 17 1? (R4 2
Day 12223 25 (tdwec B) #0252 102 #QI3 009 W3S 2007
Relyiien wosaeh weik (39, p2:s 139 138 %23 o5 10 06 iw
Day 1323 zp (sbs B 2325 294 #1085 =20 £ 2110 #1506 =21iS

PO ** pradl 42 pEGR0L
Cogr= Curtro} B0 Vo= Ouxg
14. Gross Pathology: Increased incidence of renal pelvic

dilatation and surface 1rregular1ty in animals given 280 mg/kg
esomeprazole or 140 mg/kg omeprazole was noted.

15. Microscopic Pathology. There were no treatment-related
histopathological findings.

16. Morphological and morphometrical examination of the gastr:.c
mucosa:
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There were no statistically significant differences in the
reference volume of the stomach and mucosal height between the
controls and the esomeprazole treated group. However, an
increase in the ECL-cell volume fraction and profile density was
‘noted in the esomeprazole treated group (mainly in males) at the
end of the 1 month dosing period. The median increase in the
ECL-cell volume fraction for males and females combined was
about 50%, and that for the ECL-cell profile density was about
36%. These were not seen at the end of the 3 month recovery
period. '

Increases in the ECL-cell volume fraction and profile density
were also noted in the omeprazole-treated rats as compared to

the control.
were also

The stomach reference volume and mucosal height

females. The results were presented in Tables 23 -and 24 in this
report. These tables are attached below. ’
Table 23 Results of the gastric mmphomeﬁj (median and range} in juvenile rats
at the end of the 1-month dosiug period (subset A)
Test coupound [+ E 4] [ £ a
Dose (ymolikg) [ 580 e 2 300 ]
Graup #ad sex 1M 3M M IF 3F iF
Stomch reference vol, (mun), 760 0 . 50 630 780 He
Dy 35 pp (wibsed A) (No$s0) ° (640.1000)  (590-11000  (ST0-83Q)  (550.900)  (690-360)
% change vs roatrals - :3;3 : ) 65 - 24 17
BCL, -celt voluns fraction 4107, 11 2%’ 18 16 u 12
- Day 35 g (zubset A) (7.9-18) 52:38) $1-21y (01 238y (8.4-20)
% change wr controls 110 64 - 25 <15
ECL-vel profile dessity Qmns™s 77 140+ 100 92 166 25
Day 35 pp (suibset A) 3110 @317 @3-119) | (4-10) (50-470)  ¢65-120)
%% chanze vs controls - 82 3 8.7 32
Gastric mocasal beisht uw) 320 520 430 400 140
Day 35 pp (subset A) Q20-360)  (290-750)  (160-780)  (180-480)  (250-620)  (420-796)
% change vs vontrols - 0 3 - 25 10
Group snd vex 1M~=F IM+F 4M+F ’
Stounch refasence vel, (pur), 710 750 750 '
Day'35 pp (stibset A) (570.990)  (550-1600)  (590-1100)
% change »s coafole - 58 56
ECL-celt vohune fiaction 5167, 14 s IH]
Dy 33 pp (sutnet A) (018} G238 (8.4-21)
¥4 change vs contyals - 2] -71
. ECL-cefl profile deasity (mn® 38 1364 6
Iy 35 pr(aibsei 4) GG (50-170; @5-120)
% change w contioh - R Y . 9.t
Gastrit aucosal height G} 429. 41 350
Dhy 35 pp (wibret A) @U0-560) @S0 (160-790)
% change '« controla - 12 Tt
*  psOGS = p<001 e 20001
C  Confrot E Esonxprazcle O Ouneprazole
B post partum -
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Table 24

at the end of the 3-menth recovery (subset B)

Resuits of the gastric marpﬁo‘meﬁ'y (median and range) in juvenile rats

Tend compound o] E e [+4 B L ¢]
Dose {jeenol’kg) 'Y 300 €« ] 880 400
Croup and tex AL IM M iF 3F 4F
Stomach veference vol (mm®), 1500 1700 T10g4+ 1200 1400 1460
Day 12242 pp (subset B) (1300-1700)  (1300-1300) (i900-2100) (I00G-1360} (IS00-1600) {(1100-1500§
45 change w controls - 3 ] - 7 T
ECL-celt velume fizction *10°, 26 24 3 a - 29 i
Day 12252 pp {suoet B) Q9-31) @130 1233 {18303 (11313 Q143
% change vy coutrods 27 18 . 38 L]
ECLcelt profile dewsity {mm™) 160 170 ¢+ 150 30 210¢
Day 13212 pp (subset B) {140-218)  (176-210)  Q96.3H)  (140-240) (95260 210290}
%% dunage v conmrols 53 A - L¥ ) 49
Gastric zaucozal beight (pm) S30 470 78, 580 360 460
Day 12222 gp (bt 3) (40670} B30610)  (S090;  (90-830) ©  (410.610) (310-730)
S5 change v contrch - 13- 3 - 37 -15
Group aad sex iM=+F IM+F 4M+F
* Stomach refezence vol, (axa’), 1300 1500 1700

Day 12221 gp Gubiset B) (0001700} (130-1306) (11002300}
% change v3 consrols - 15 i
ECL-celt vohune fraction 1%, 24 27 3
Day 12222 pp (aubsat B) a83n 3n -4y
% change s comtole - 13 2%
ECL-<ell profile density (mn®) 160 200 10+«
Day 11222 po (sabset B) (190-24) (95260 (195290)
% change vz contreh - 5 33
Gastaic raueosad beight () 540 540 670
Day 12242 pp (subeat B) (I90.330)  (350-630)  (31G-520)
% change vs coniroly - @ X
+ . ps0o0s gDt e o000
€ Contiol E Esomeprazole O Omeprazote
pp  postpetun .

16. Toxicokinetics: The results were presented in Tables.

and 14 in this report. These tables are attached below.

.Table 13 Summary of median Cpyy and AUC for esomeprazole and the
metabolite H 168/64 1 juventle vats following oxal dostag with
esomiaprazole ) .
Dailydose  DoseDay  Daypspost 8¢ Analysed Coa AUC
Gunolikg) partuni Gt éompound (unol/L) Gemol*h/L)
2 i T MeF Esomeprazole 514 149
8 u MsF Beomeprazole - 196 262
260 1 7 MEF Esomeprazale 141 956
b 34 MeF Baoweprazols. 17 X
80 7 MeF H 168/66 482 443 -
28 34 MF H 16856 632 112

BEST POSSIBLE Copy
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Table 14 Swnmary of medlaix_' C‘..,. and AUC for omeprazole in juvenile rafs
follewing oral dosingiwith ameprazole

Daily dose.  Dose Dy Days poy Sex Analysed Cous AUcC
(rraolkg) partane componud {pmoliL) Quinol*hiL)
100 1 7 MeF | Oowprazole | 83 2188

3 14 H+F Ouseprazole 682 934

2% 34 MAE Orseprazele 716 836

The plasma levels were much lower on day 28 than those on day 1.

In summary, esomeprazole was lethal at 280 mg/kg. One pup
treated with 93 mg/kg esomeprazole was also found dead on Dose
Day 4. The clinical signs of toxicity observed prior to death
included cold to touch, labored breathing, decreased activity,
weak and/or thin. Additional clinical signs of toxicity
observed in the 280 wmg/kg esomeprazole included fur staining
{red, brown and/ox yellow) at the
urogenital/thoracic/sacral/abdominal regions and/or fore and/or
hindpaws/limbs and/or cranium prior to weaning. After weaning,
occasional yellow fur stalnlng of the urogential region was
noted in a few males.

The gastrin levels ar'd stomach weight were increased in the
treatment groups as cé;mpared to the control. The swall increases
in the volume and number of ECL-cells were noted in the
esomeprazole/omeprazole-treated rats. The ‘toxicokinetic
evaluation indicated that the plasma levels of both esomeprazole
and omeprazole were decreased with -the duration of treatment
and/or the age of the animals. The results did not reveal any
unexpected toxicity. The central nervous system and the stdmach
were the target organa of toxicity. No effect dose and
tolerated dose were not clearly identified. :

Toxicological Qualification of the Potential Degradation Products:

There is a possibility that during the shelf-life of the omeprazole sachets, there will be
degradation of the drug and formation of organic degradants. The sponsor stated that as no
individual organic impurity is predicted to increase above the qualification threshold of ——
of the active compound at the end of the proposed shelf life, any toxicological qualification
studies have not been performed on the organic impurities that may form in the omeprazole
sachets.

Low levels of 2 degradation products of omeprazole — , were noted after
9 months” storage of the drug product at 25 9C/60% RH. However, both metabolltes formed
from omeprazole and esomeprazole werg present in animals and humans. In in vitro
metabolism studies in human microsomes, incubation with omeprazole resulted in the
formation of . In an in vivo study in human
volunteers, —— was seentobea major metabolite in the plasma, but was not detected in
the urine. The percent radioactivity in the plasma attributed to ———  following a
radiolabeled dose of omeprazole was —  in extensive metabolisers and = n slow
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On August 21, 2007, | faxed an information request letter to George Kummeth with the following
request:

Regarding Study D9586C0002 titled, “A Phase I, Open, Randomized, Three-Way Crossover, Single-Center
Biovailability Study Comparing Three Different Formulations of Omeprazole, 20mg Following Single and 5
days Repeated Once Daily Oral Administration in Healthy Male and Female Subjects”: please provide the raw
data for the freeze-thaw, bench-top, and long-term stability results for omeprazole in the analytical report. In
addition, confirm that the stability conditions validated cover the actual analysis conditions.

On August 23, 2007, you e-mailed the following questions in response:

Reference is made to the August 21 fax from the Agency regarding NDA 22-056 requesting information about the
bioavailability study D9586C0002; specifically raw data for the freeze-thaw, bench-top, and long-term stability

results for omeprazole in the analytical report and confirmation that the stability conditions validated cover the

actual analysis conditions. Analytical Method Validation Report 1312-477, Validation of liquid chromatographic b(4)
methods for omeprazole, -—=== and metabolites in plasma, Methods No. BA-179, 222, 315, 318, and 323

contains information on the issues you address. Do you have a copy of this report?

In addition to the report, we need to know what information you need and would appreciate further clarification.
We have the following responses to your questions:

Reference is made to the August 21 fax from the Agency regarding NDA 22-056 requesting information about the
bioavailability study D9586C0002; specifically raw data for the freeze-thaw, bench-top, and long-term stability

results for omeprazole in the analytical report and confirmation that the stability conditions validated cover the

actual analysis conditions. Analytical Method Validation Report 1312-477, Validation of liquid chromatographic b(4)
methods for omeprazole, . - and metabolites in plasma, Methods No. BA-179, 222, 315, 318, and 323

contains information on the issues you address. Do you have a copy of this report?

In addition to the report, we need to know what information you need and would appreciate further clarification.

We do not have a copy of the Analytical Method Validation Report 1312-477. If this report includes all
information requested in our August 21, 2007 letter, we do not need any additional information. Thanks.



metabolisers The corresponding values for omeprazole were . respectively. —

. was detected in the urine at of the administered dose of omeprazole, or h(4)
of the administered dose of esomeprazole, in both cases in extensive and poor
metabohsers respectively.

Low levels of two other degradation products,
, _ » was seen after 6 months’ storage of the drug product at
40°C/75% relative humidity. = is an organic impurity (degradation product) that was

also present in the Nexium (esomeprazole) intravenous formulation at levels above the

qualification threshold. This degtadant has been fully toxicologically qualified in both in vitro

and in vivo mutagenicity studies'@nd repeat dose toxicity studies in rats and dogs.

If the levels of the , or any other organic b(4)
impurity increase on continuing storage at t 25°C/60% relative humldlty, then these impurities
need to be identified and qualified as required by the ICH guidelines Q3B.

LABELING:

No changes in the preclinical section of proposed labeling of Prilosec are recommended.

OVERALL CONCLUSIONS AND RECOMMENDATIONS
Conélusions:

Omeprazole belongs to a class of compounds, the substituted benzimidazoles, that
suppress gastric acid secretion by specific inhibition of the H'/K"-ATPase (the proton pump),
resulting in an inhibition of gastric acid secretion. After reaching the canalicular space of the
gastric parietal cell, omeprazolé is protonated, activated to the reactive sulfonamide, and
covalently bonded to the lumma’F Qirfacé of the proton pump to inhibit the pump activity. The
primary pharmacodynamic effebﬁr of omeprazolc have been demonstrated in both in vitro and
in vivo studies. The binding irreversibly to H/K"-ATPase, it effectively inhibits acid secretion
until new enzyme is synthesized.

Under NDA 22-056, the sponsor is seeking approval of a new oral formulation of omeprazole,
Prilosec (omeprazole magnesium) For Delayed-Release Oral suspension (2.5 mg and 10 mg;
also called the sachet formulation or omeprazole sachet) for use in children 0 to 2 years of age.
The omeprazole sachet formulation was developed to fulfill the post-marketing commitment to
develop an age-appropriate formulation for pediatric patients 0 to 2 years of age (July 12, 2002
approval letter for NDA 19-810/S-074). Under the current NDA, the sponsor did not submit
any preclinical study reports with omeprazole. The sponsor conducted several toxicology
studies in juvenile animals with omeprazole in support of the pediatric use of the drug, and the
studies were reviewed earlier. Summarized reports of these studies were included in the
submission. The studies include a single-dose toxicity study in rats repeat dose toxncnty and
toxicokinetic studies in rats, and a carcinogenicity study in p53™" heterozygous mice. In
addition, in a recent toxicity/toxicokinetic study in neonatal/juvenile rats with esomeprazole




(study # 900404, 2006), a groupi of animals received a high dose (140 mg/kg) of omeprazole as
a comparator. '

Plasma drug levels were determined in rats (12 to 14 days old, 23 to 25 days old, and
44 to 46 days old) following oral administration of 14 or 69 mg/kg/day doses of omeprazole
for 2 days. Omeprazole plasma levels were significantly higher in 12 to 14 days old rats as
compared with older rats (23 to 25 days old and 44 to 46 days old). This age related effect on
the plasma drug levels may be related to the differences in the metabolism and/or absorption of
omeprazole. Young rats (12 to 14 days old) may have immature liver function and are unable
to effectively metabolize omeprazole as compared to adult rats, in which the drug undergoes a
significant first pass effect.

In a single-dose toxicity oral study with omeprazole (0, 190, 260, 380, 520 and 2100
mg/kg) in juvenile rats (10 to 13-day-old), the minimal lethal dose was 260 mg/kg (the
minimal lethal dose in adult rats was 2600 mg/kg. The maximum non-lethal dose for 10 to 13
days old rats was 190 mg/kg, as compared to 2210 mg/kg for adult rats. The differences in
toxicity between young and adult rats may be related to the higher plasma exposure levels in
the juvenile animals as compared with the adult animals. Clinical signs observed included
reduced motor activity, reduced respiratory frequency, dyspnea, cyanosis, reduced or absent
righting reflex, tremor and convulsions, and the observed clinical signs were similar to those
previously seen in adult animals. =

*

In a 1-month oral toxicity study in juvenile rats (14 to 15 days old), omeprazole was
administered at doses of 14, 31, 69 or 140 mg/kg/day doses. The no effect dose was 31
mg/kg/day. One male in the 140 mg/kg/day group died on day 3 of unexplained causes. White

~blood cell counts were decreased between 15 and 30% for all male treatment groups and
females receiving 69 and 140 mg/kg/day doses. Bone marrow hyperplasia was found in the 31,
69 and 140 mg/kg/day groups, and may have been a compensatory response to changes in
white and red blood cell parameters. Absolute and relative thymus weights were decreased in
the 69 and 140 mg/kg/day groups, and may be indicative of a stress response to omeprazole
treatment. Liver hyperplasia, lymphoid cell infiltration and congestion were observed at 140
mg/kg/day. A dose-related increase in the stomach weight was observed in the treated animals;
however, no changes in the ECL cells in the gastric mucosa were observed in any group.

In a 1-month oral toxicity study in neonatal rats (age, 7 days) with esomeprazole, one
group of animals received omeprazole at a dose of 140 mg/kg. No treatment-related effects on
the body weight gain and functional observation or behavioral performance were observed in
animals treated with omeprazole. Increased stomach weights, increased serum gastrin levels
and increased ECL cell volume fraction and profile density were observed in animals receiving
omeprazole.

Thus, the toxicological éffects observed in neonatal rats treated with omeprazole were
similar to those observed in adult animals, and no additional target organs of toxicity were
identified. However, the plasma exposure levels of omeprazole were significantly higher in
juvenile animals than adult animals.
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