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1

Executive Summary

1.1

Introduction

PicoPrep™ (sodium picosulfate, magnesium oxide and citric acid) powder for oral
solution is indicated for cleansing of the colon as a preparation for colonoscopy in
adults. It is a stimulant cathartic. Sodium picosulfate is converted to the
pharmacologically active metabolite, bis(p-hydroxyphenyl)-2-pyridylmethane (BHPM),
by gut microbes through bacterial hydrolase. It is to be mentioned here that Bisacodyl is
also hydrolyzed by colonic bacteria to form the same active metabolite, BHPM. Sodium
picosulfate itself is pharmacologically inactive and undergoes very low absorption.
(b) (4)
Apart from the primary active component sodium picosulfate, which constitutes
of the 16.1 g PicoPrep drug product, the product also contains magnesium oxide (22%)
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and citric acid (74%), which form magnesium citrate in water solution. The laxative
effect of sodium picosulfate is attributable to an inhibition of water absorption in the
colon, caused by the diphenol metabolite, BHPM. When the product is dissolved in
water, the magnesium oxide and citric acid interact to form magnesium citrate, which is
an osmotic laxative. Citric acid and magnesium oxide are extensively used in food
products or OTC pharmaceutical products in the United States. Sodium picosulfate is
marketed in several countries outside the United States as a stimulant laxative. The
following figure (from page 13 of the method validation report No. UA396 in Section
4.2.2.1.1 of the submission) shows the structure of BHPM.

1.2

Brief Discussion of Nonclinical Findings

The applicant has conducted several nonclinical studies with sodium picosulfate which
include 14-day oral toxicology studies in rats and dogs and genotoxicity studies (Ames
test, mouse lymphoma assay and in vivo mouse micronucleus test). In addition, the
applicant also conducted toxicology studies with PicoPrep, the drug product, which
include 28-day oral toxicology studies in rats and dogs, and reproductive toxicology
studies, i.e., fertility and early embryonic development to implantation study (Segment I)
in rats, embryofetal development studies (Segment II) in rats and rabbits and pre and
postnatal development study (Segment III) in rats.
The principal active component of PicoPrep, sodium picosulfate, was administered
orally (gavage) for up to 14 days at doses (30, 300 and 1000 mg/kg BID) up to
1000 mg/kg BID in rats and at doses (15, 150 and 600 mg/kg BID) up to 600 mg/kg BID
in dogs (approximately 6000 and 3600 times the recommended human dose of 10 mg
of sodium picosulfate in 16.13 g of drug product/pouch or 0.166 mg/kg of sodium
picosulfate based on a 60 kg body weight), respectively. Treatment-related clinical signs
included soft stools, diarrhea, and fecal staining, the expected pharmacological
responses. In rats, sodium picosulfate caused increase in thickness of the intestine
(elongated glandular crypts lined by immature, basophilic, epithelial cells) at all tested
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doses, minimal to mild mucosal hyperplasia of the small and large intestine (duodenum,
jejunum, ileum, cecum, colon, and rectum) at all doses and mucosal hyperplasia
associated with lymphocytic infiltration in the small intestine at ≥ 300 mg/kg BID doses
(about 1800 times the recommended human dose of sodium picosulfate).
Sodium picosulfate was not mutagenic in the Ames test, mouse lymphoma assay and
did not induce micronuclei in in vivo mouse bone marrow micronucleus test.
PicoPrep was administered orally (gavage) for up to 28 days at doses (230, 750 and
2000 mg/kg BID) up to 2000 mg/kg BID in rats and at doses (230, 500 and 1000 mg/kg
BID) up to 1000 mg/kg BID in dogs (about 8 and 4 times the recommended human
dose, respectively). In a male and female oral fertility study (Segment I) in rats,
PicoPrep did not cause any significant adverse effect on male or female fertility
parameters up to a maximum dose of 2000 mg/kg BID (about 1.2 times the
recommended human dose based on the body surface area). Embryofetal development
(Segment II) studies with PicoPrep have been performed in pregnant rats (230, 750 and
2000 mg/kg BID) and rabbits (230, 460 and 900 mg/kg BID) at doses up to 1.2 times
and 1.1 times the recommended human dose, respectively, based on the body surface
area. In rats, it did not show any evidence of impaired fertility or harm to the fetus. In
rabbits, there were treatment-related mortalities at all doses, and thus, the study was
not considered adequate. A pre and postnatal development (Segment III) study in rats,
PicoPrep (230, 750 and 2000 mg/kg BID doses) showed no evidence of any adverse
effect on pre and postnatal development at oral doses up to 2000 mg/kg BID (about 1.2
times the recommended human dose based on the body surface area).
Overall, nonclinical safety of PicoPrep has been adequately tested in several toxicology
studies. When PicoPrep, the drug product, was tested in rats and dogs, the NOAELs
were 2000 mg/kg BID (about 8 times the recommended clinical dose of 16.1 g BID or
533 mg/kg BID based on a 60-kg body weight) and 1000 mg/kg BID (about 4 times the
recommended clinical dose of 16.1 g BID or 533 mg/kg BID based on a 60-kg body
weight), respectively. Overall, nonclinical studies conducted with PicoPrep provide
adequate assurance of safety and support its proposed use at the intended therapeutic
dosage and in accordance with the proposed product labeling.

1.3

Recommendations

1.3.1 Approvability
From a nonclinical standpoint, this NDA is recommended for approval.
1.3.2 Additional Non Clinical Recommendations
None
1.3.3 Labeling
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Applicant’s Version:
“8.3

Nursing Mothers

It is not known whether this drug is excreted in human milk. Because many drugs are
excreted in human milk, caution should be exercised when PICOPREP is administered
to a nursing woman.”
Evaluation: The text is in accordance with 21CFR 201.57(f)(8)(iii).
Recommended Version: None

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Applicant’s Version:
“13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
(b) (4)

Evaluation: The format is in accordance with 21CFR 201.57(f)(5). However, the text
should be modified to state that genotoxicity studies were conducted with sodium
(b) (4)
picosulfate
Recommended Version:
“13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate
mutagenic potential have not been performed with PicoPrep. However, sodium
picosulfate was not mutagenic in the Ames test, the mouse lymphoma assay and the
mouse bone marrow micronucleus test.
In a fertility study in rats, PicoPrep did not cause any significant adverse effect on male
or female fertility parameters at oral doses up to 2000 mg/kg BID (about 1.2 times the
recommended human dose based on the body surface area).”
(b) (4)
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Applicant’s Version:
(b) (4)

Evaluation: This section is not needed and should be deleted.

________________________ _________
Tamal K. Chakraborti, Ph.D.
Date
Pharmacologist

Comment:
________________________
Sushanta K. Chakder, Ph.D.
Supervisory Pharmacologist
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Executive Summary

1.1

Introduction

Tamal K. Chakraborti, Ph.D.

PicoPrep™ (sodium picosulfate, magnesium oxide and citric acid) powder for oral
solution is indicated for cleansing of the colon as a preparation for colonoscopy in
adults. It is a stimulant cathartic. Sodium picosulfate is converted to the
pharmacologically active metabolite, bis(p-hydroxyphenyl)-2-pyridylmethane (BHPM),
by gut microbes through bacterial hydrolase. It is to be mentioned here that Bisacodyl is
also hydrolyzed by colonic bacteria to form the same active metabolite, BHPM. Sodium
picosulfate itself is pharmacologically inactive and undergoes very low absorption.
(b) (4)
Apart from the primary active component sodium picosulfate, which constitutes
of the 16.1 g PicoPrep drug product, the product also contains magnesium oxide (22%)
and citric acid (74%), which form magnesium citrate in water solution. The laxative
effect of sodium picosulfate is attributable to an inhibition of water absorption in the
colon, caused by the diphenol metabolite, BHPM. When the product is dissolved in
water, the magnesium oxide and citric acid interact to form magnesium citrate, which is
an osmotic laxative. Citric acid and magnesium oxide are extensively used in food
products or OTC pharmaceutical products in the United States. Sodium picosulfate is
marketed in several countries outside the United States as a stimulant laxative.

1.2

Brief Discussion of Nonclinical Findings

The applicant has conducted several nonclinical studies with sodium picosulfate which
include 14-day oral toxicology studies in rats and dogs and genotoxicity studies (Ames
test, mouse lymphoma assay and in vivo mouse micronucleus test). In addition, the
applicant also conducted toxicology studies with PicoPrep, the drug product, which
include 28-day oral toxicology studies in rats and dogs, and reproductive toxicology
studies, i.e., fertility and early embryonic development to implantation study (Segment I)
in rats, embryofetal development studies (Segment II) in rats and rabbits and pre and
postnatal development study (Segment III) in rats.
The principal active component of PicoPrep, sodium picosulfate, was administered
orally (gavage) for up to 14 days at doses (30, 300 and 1000 mg/kg BID) up to
1000 mg/kg BID in rats and at doses (15, 150 and 600 mg/kg BID) up to 600 mg/kg BID
in dogs (approximately 6000 and 3600 times the recommended human dose of 10 mg
of sodium picosulfate in 16.13 g of drug product/pouch or 0.166 mg/kg of sodium
picosulfate based on a 60 kg body weight), respectively. Treatment-related clinical signs
included soft stools, diarrhea, and fecal staining, the expected pharmacological
responses. Treatment-related clinical chemistry findings in rats include decrease in
electrolytes (sodium, potassium and chloride) following administration of PicoPrep. In
rats, sodium picosulfate caused increase in thickness of the intestine (elongated
glandular crypts lined by immature, basophilic, epithelial cells) at all tested doses,
minimal to mild mucosal hyperplasia of the small and large intestine (duodenum,
4
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jejunum, ileum, cecum, colon, and rectum) at all doses and mucosal hyperplasia
associated with lymphocytic infiltration in the small intestine at ≥ 300 mg/kg BID doses
(about 1800 times the recommended human dose of sodium picosulfate).
Sodium picosulfate was not mutagenic in the Ames test, mouse lymphoma assay and
did not induce micronuclei in in vivo mouse bone marrow micronucleus test.
The applicant did not conduct reproductive toxicology studies with sodium picosulfate.
However, the applicant provided literature references (Nishimura M, A Kast, and Y
Tsunenari, 1977, Iyakuhin Kenkyu, 8:366-396) for the reproductive toxicology studies
with sodium picosulfate. In oral fertility studies in rats, there was no significant
treatment-related adverse effect of sodium picosulfate at dosage levels up to 100
mg/kg/day on mating performance and fertility. Sodium picosulfate was not teratogenic
in rats up to 10,000 mg/kg/day and in rabbits up to 1000 mg/kg/day, PO. In a peri and
postnatal development study in rats, animals were treated at 1, 10, and 100 mg/kg/day
of sodium picosulfate. There were an increased number of dead pups at birth at 100
mg/kg/day. Postweaning growth, development, behavior and reproductive functions
were unaffected by treatment with sodium picosulfate.
PicoPrep was administered orally (gavage) for up to 28 days at doses (230, 750 and
2000 mg/kg BID) up to 2000 mg/kg BID in rats and at doses (230, 500 and 1000 mg/kg
BID) up to 1000 mg/kg BID in dogs (about 8 and 4 times the recommended human
dose, respectively). In a male and female oral fertility study (Segment I) in rats,
PicoPrep did not cause any significant adverse effect on male or female fertility
parameters up to a maximum dose of 2000 mg/kg BID (about 1.2 times the
recommended human dose based on the body surface area). Embryofetal development
(Segment II) studies with PicoPrep have been performed in pregnant rats (230, 750 and
2000 mg/kg BID) and rabbits (230, 460 and 900 mg/kg BID) at doses up to 1.2 times
and 1.1 times the recommended human dose, respectively, based on the body surface
area and have revealed no evidence of impaired fertility or harm to the fetus due to
PicoPrep. A pre and postnatal development (Segment III) study in rats, PicoPrep (230,
750 and 2000 mg/kg BID doses) showed no evidence of any adverse effect on pre and
postnatal development at oral doses up to 2000 mg/kg BID (about 1.2 times the
recommended human dose based on the body surface area).
Overall, nonclinical safety of PicoPrep has been adequately tested in several toxicology
studies. When PicoPrep, the drug product, was tested in rats and dogs, the noobserved-adverse-effect-levels (NOAELs) were 2000 mg/kg BID (about 8 times the
recommended clinical dose of 16.1 g BID or 533 mg/kg BID based on a 60-kg body
weight) and 1000 mg/kg BID (about 4 times the recommended clinical dose of 16.1 g
BID or 533 mg/kg BID based on a 60-kg body weight), respectively. Overall, nonclinical
studies conducted with PicoPrep provide adequate assurance of safety and support its
proposed use at the intended therapeutic dosage and in accordance with the proposed
product labeling.
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adequate and well-controlled studies in pregnant women. Because animal reproduction
studies are not always predictive of human response, PicoPrep should be used during
pregnancy only if clearly needed.”

8.3. Nursing Mothers
Applicant’s Version:
“8.3

Nursing Mothers

It is not known whether this drug is excreted in human milk. Because many drugs are
excreted in human milk, caution should be exercised when PICOPREP is administered
to a nursing woman.”
Evaluation: The text is in accordance with 21CFR 201.57(f)(8)(iii).
Recommended Version: None

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Applicant’s Version:
“13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
(b) (4)

Evaluation: The format is in accordance with 21CFR 201.57(f)(5). However, the text
should be modified to state that genotoxicity studies were conducted with sodium
(b) (4)
picosulfate
Recommended Version:
“13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Long-term studies in animals to evaluate carcinogenic potential or studies to evaluate
mutagenic potential have not been performed with PicoPrep. However, sodium picosulfate
was not mutagenic in the Ames test, the mouse lymphoma assay and the mouse bone
marrow micronucleus test.
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In a fertility study in rats, PicoPrep did not cause any significant adverse effect on male
or female fertility parameters at oral doses up to 2000 mg/kg BID (about 1.2 times the
recommended human dose based on the body surface area).”
(b) (4)

Applicant’s Version:
(b) (4)

Evaluation: This section is not needed and should be deleted.

2

Drug Information

2.1

Drug

CAS Registry Number:
Sodium Picosulfate: 10040-45-6 (anhydrous)
Magnesium Oxide: 1309-48-4
Citric Acid: 77-92-9
Generic Name: Sodium picosulfate, Magnesium oxide, Citric acid
Code Name: N/A
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Chemical Name:
Sodium Picosulfate: 4,4’-[(pyridin-2-yl)methylene]diphenyl bis(sodium
sulphate) monohydrate
Magnesium Oxide: Magnesium oxide
Citric Acid: 1,2,3-propanetricaboxylic acid, 2-hydroxy
Molecular Formula/Molecular Weight:
Sodium picosulfate: C18H13NNa2O8S2/499.4
Magnesium Oxide: MgO/40.31
Citric acid: C6H8O7/192.14
Structure:
Sodium picosulfate:

Magnesium oxide: Mg=O
Citric acid:
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(b) (4)

The acceptance criterion for unknown impurities (≤ 0.2%) has been set in accordance
with ICH Q3B (R2) Impurities in New Drug Products. The acceptance criterion for sum
of all impurities (≤ 2.0%) was based on a worst case scenario calculation on exposure
of impurities at a maximum daily dose of PicoPrep. The maximum daily dose of
PicoPrep contains 20 mg sodium picosulfate hence the maximum daily exposure of
(b) (4)
impurities is not more than
in the worst case scenario. The acceptance
criteria for the unknown impurities and the total impurities are acceptable from the
nonclinical standpoint.

2.6

Proposed Clinical Population and Dosing Regimen

PicoPrep is indicated for cleansing of the colon as a preparation for colonoscopy in
adults. PicoPrep is provided as a powder in two pouches, the contents of each to be
dissolved in 5 ounces (150 mL) of cold water and consumed. Each pouch contains

12
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(b

16.1 ) g of powder, which has three active ingredients: sodium picosulfate 10 mg;
(4)
magnesium
oxide 3.5 g and citric acid 12 g, which together form magnesium citrate in
solution. Each pouch should be used as follows:
•
•

2.7

Split-Dose regimen: The first PicoPrep pouch is taken the night before the
colonoscopy, and the second is taken the next day, in the morning prior to the
colonoscopy.
Day-Before regimen: The first PicoPrep pouch is taken in the afternoon or early
evening and the second is taken approximately 6 hours later, the night before the
colonoscopy.

Regulatory Background

The following are the major milestones.
1. IND 101738 was submitted on February 22, 2010
2. Type B meeting was held on April 16, 2009 to obtain comments from the
FDA on the adequacy of preclinical and chemistry, manufacturing control
(CMC) data for PicoPrep
3. The pre-NDA Type B meeting was held on March 21, 2011 under IND
101738

3

Studies Submitted

3.1

Studies Reviewed

STUDY TITLE
PHARMACOLOGY
PHARMACOKINETICS
TOXICOLOGY
Subacute/Subchronic/Chronic
Rat
A Rising Dose with a Maximum Tolerated Dose Phase Study of
Sodium Picosulfate Administered by Oral Gavage to Rats (NonGLP)
A 14-Day Toxicity Study of Sodium Picosulfate Administered by
Oral Gavage to Rats
A 14-Day Toxicity Study with 1, 5, and 14 Days of Dose
Administration of Sodium Picosulfate Administered by Oral
Gavage to Rats with a 14-Day Recovery Period
A Rising-Dose and Multiple-Dose Tolerance Study of PicoPrep
Administered by Oral Gavage to Rats
(non-GLP)
A 28-Day Toxicity Study of PicoPrep Administered by Oral
Gavage to Rats with a 14-Day Recovery Period
Dog
A Rising Dose with a Maximum Tolerated Dose Phase Study of
Sodium Picosulfate Administered by Oral Gavage to Dogs (NonGLP)
A 14-Day Toxicity Study of Sodium Picosulfate Administered by
Oral Gavage to Dogs
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15
16
17
17

XHM00036

19

XHM00037

19

XHM00042

29

XHM00050

51

XHM00052

50

XHM00038

45

XHM00039

45
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A Rising-Dose and Multiple-Dose Tolerance Study of PicoPrep
Administered by Oral Gavage to Dogs
(non-GLP)
A 28-Day Toxicity Study of PicoPrep Administered by Oral
Gavage to Dogs with a 14-Day Recovery Period
GENOTOXICITY
In Vitro
Ames test, sodium picosulfate
Mouse lymphoma assay, sodium picosulfate
In Vivo
Mouse micronucleus test, sodium picosulfate
REPRODUCTIVE TOXICITY
Rat
Segment I, PicoPrep
Segment II, Dose Range, PicoPrep
Segment II, Oral, PicoPrep
Segment III, Oral, PicoPrep
Rabbit
Segment II, Dose Range, PicoPrep
Segment II, Oral, PicoPrep
SPECIAL TOXICOLOGY

3.2

XHM00051

58

XHM00053

58
67

783137
783142

67
71

783158

75
77

XHM00048
XHM00044
XHM00045
XHM00049

79
80
84
98

XHM00046
XHM00047

92
91
109

Studies Not Reviewed

The following method validation studies were not reviewed.
1. Validation of an LC-MS/MS method for the determination of Picosulfate and its
active metabolite Bis-(p-Hydroxypheny1)-Pyridyl-2-methane (BHPM) in rat K2EDTA plasma (Report No. UA396)
2. Validation of an LC-MS/MS method for the determination of Picosulfate and its
active metabolite Bis-(p-Hydroxypheny1)-Pyridyl-2-methane (BHPM) in dog K2EDTA plasma (Report No. UA397)
3. Validation of an LC-MS/MS method for the determination of Picosulfate in dog
K2-EDTA plasma (Report No. N-A-BIO-11-130)
4. Analytical Method Validation and Verification of Stability for Citric Acid in
Formulations of PicoPrep in Reverse Osmosis Deionized Water
5. Method Validation and Stability Determination to Support Analysis of Sodium
Picosulfate in RODI water Dose Formulations by HPLC-UV for Ferring
Pharmaceuticals
6. Analytical Method Validation and Verification of Stability for Sodium Picosulfate in
Formulations of PicoPrep in Reverse Osmosis Deionized Water
7. Analytical Method Validation and Verification of Stability for Citric Acid in
Formulations of PicoPrep in Reverse Osmosis Deionized Water (Report No.
20000997)
8. Method Validation and Stability Determination to Support Analysis of Sodium
Picosulfate in RODI water Dose Formulations by HPLC-UV for Ferring
Pharmaceuticals (Report No. XHM00031DX)
9. Analytical Method Validation and Verification of Stability for Sodium Picosulfate in
Formulations of PicoPrep in Reverse Osmosis Deionized Water (Report No.
XHM00054DX).
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Previous Reviews Referenced

Pharmacology review of IND 101738 dated March 23, 2010 was cited and incorporated
in appropriate sections of this review.

4

Pharmacology

The applicant did not conduct any pharmacology studies with PicoPrep. However, the
applicant cited literature references for the pharmacology of sodium picosulfate. Primary
pharmacology and safety pharmacology of sodium picosulfate has been reviewed under
the original IND 101738. The reviews are incorporated below from the pharmacology
review of IND 101738 dated March 23, 2010.

4.1

Primary Pharmacology

Sodium picosulfate is a bisphenol derivative and is metabolized by fecal bacteria in the
colon to form the active compound, BHPM. Un-metabolized sodium picosulfate is
inactive (Forth, W, G Nell, W Rummel, and H Andres, 1972, Naunyn-Schmiederberg's
Arch Pharmacol, 274:46-53). Only bacterial and non-mucosal hydrolases could activate
the parent compound (Hillestad, B, RB Sund, and M Buajordet, 1982, Acta Pharmacol
Toxicol, 51:388-394; Anonymous, 1976, Laxoberal-sodium picosulfate, Drug Ther Bull,
14:104). This has been confirmed in both germ-free rats, and rats pretreated with the
antibiotic neomycin (Jauch, R, R Hankwitz, K Beschke, and H Pelzer, 1975, Arzneim
Forsch Drug Res, 25:1796-1800) where no laxative effects were seen after treatment
with sodium picosulfate. In both cases, the feces contained only sodium picosulfate with
none of the active diphenol metabolite, and also in both cases there was no laxative
effect. The laxative effects of sodium picosulfate have been demonstrated in rats and
mice.

4.2

Secondary Pharmacology

None
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4.3

Safety Pharmacology

5

Pharmacokinetics/ADME/Toxicokinetics

The following is incorporated below from the pharmacology review of IND 101738 dated
March 23, 2010.
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5.1

PK/ADME

5.2

Toxicokinetics

Tamal K. Chakraborti, Ph.D.

(Included in toxicology studies)

6

General Toxicology

6.1

Single-Dose Toxicity

None

6.2

Repeat-Dose Toxicity

14-Day Oral (gavage) Toxicology Study with Sodium Picosulfate in Rats (XHM00037)
The review of this study report is incorporated below from the pharmacology review of
the original IND 101738 dated March 23, 2010.
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14-Day Oral (gavage) Toxicology Study with 1, 5, and 14 days of Sodium
Picosulfate in Rats with a 14-Day Recovery Period (XHM00042)
The review of this study report is incorporated below from the pharmacology review of
IND 101738 dated March 23, 2010.
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14-Day Oral (gavage) Toxicology Study with Sodium Picosulfate in Dogs
(XHM00039)
The review of this study report is incorporated below from the pharmacology review of
IND 101738 dated March 23, 2010.
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Methods:
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Study design:

230, 750, 2000 mg/kg BID*
BID (approximately 8 hours apart)
Oral (Gavage)
10 mL/kg
Deionized Water
Sprague Dawley (SD) Rats
10
8 weeks
Males: 199-228 g; Females: 157 to 190 g
Yes (9/sex/dose)
The study design is shown in the table (from
page 12 of the report) below.
Deviation from study protocol: Protocol deviations did not affect the integrity or
validity of the study from a scientific or GLP
perspective.

*: Basis of dose selection: The dose levels were selected based on the results of a 14day oral gavage dose ranging study in rats (n=3/sex/dose) with PicoPrep (Study No.
XHM00050) at 242, 484, 806 and 1075/2000 mg/kg BID (8 hours apart, the high dose
was increased to 2000 mg/kg BID two days after dosing at the 1075 mg/kg BID, 10
mL/kg). All animals survived until scheduled euthanasia on Day 15. Clinical signs
included soft stools and diarrhea. There were no significant treatment-related changes
in hematology, or urinalysis during the study. Clinical chemistry changes included
reductions in sodium values for males and females at 1075/2000 mg/kg BID. Test
article-related necropsy observations were limited to abnormal content of the
gastrointestinal tract at the high dose.
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Observations and Results:
Mortality: Mortality was checked twice daily. There was no mortality.
Clinical Signs: Clinical observations were performed on Days -4, 1, 8, 15, 22, 28, 29
(scheduled euthanasia animals only), 35, 42, and 43 (recovery animals, prior to the
initial dose on dosing days). Treatment-related clinical signs included soft stools,
diarrhea, and fecal staining that were observed in a dose-related manner at 750 and
2000 mg/kg BID. These signs were not seen after cessation of treatment. In addition,
hair loss was seen in females at 2000 mg/kg BID.
Body Weights: Body weights were recorded weekly. The mean Day 1 and Day 28
body weights of the control males were 249 and 402 g, respectively. The mean Day 1
and Day 28 body weights of the control females were 191 and 258 g, respectively. In
males at Day 28, body weights were 102%, 102%, 96% of control at low, mid and high
dose, respectively. In females at Day 28, body weights were 98%, 93%, 93% of control
at low, mid and high dose, respectively.
Food Consumption: Food consumption was recorded on a weekly basis. The mean
initial (Day 1-8) and final (Day 22-28) food consumption of the control males were 30
and 32 g/animal/day, respectively. The mean initial (Day 1-8) and final (Day 22-28) food
consumption of the control females were 23 and 24 g/animal/day, respectively. In
males, final food consumptions were 100%, 94%, and 88% of control at low, mid and
high dose, respectively. In females, final food consumptions were 96%, 87%, 78% of
control at low, mid and high dose, respectively.
Ophthalmoscopy: Ophthalmological examinations were performed once prior to in-life
initiation (Day -4) and during the last week of dosing (Day 25/26). There were no
significant treatment-related changes.
Hematology: Samples for clinical pathology and urinalysis were collected as per the
following schedule (from page 21 of the report).

There were no meaningful and significant treatment-related changes.
Clinical Chemistry: Test article-related clinical chemistry findings were limited to
decreases in electrolytes in Group 4 males (sodium, potassium, and chloride) and
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females (sodium and chloride). These changes were considered to be related to the
expected pharmacological effects of the test article (electrolyte loss due to diarrhea).
There were no apparent test article-related changes in mean clinical chemistry values at
termination following the 14-day recovery period, indicating recovery. Statistically
significant differences in mean clinical chemistry parameters are presented in the
following table (from page 35 of the report):

Urinalysis: Urine pH were increased at Day 29 in the high dose males (pH: 7.1, 6.9 and
8.0 at low, mid and high dose, respectively, control = 6.9) and females (pH: 6.8, 6.9 and
8.5 at low, mid and high dose, respectively, control = 6.8). Specific gravity was also
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increased at Day 29 in high dose males (1.016, 1.024 and 1.031 at low, mid and high
dose, respectively, control = 1.019) and high dose females (1.022, 1.017 and 1.044 at
low, mid and high dose, respectively, control = 1.018).
Gross Pathology: Gross pathology was conducted at necropsy. On Day 29, test
article-related findings were limited to abnormal contents in the gastrointestinal tract
(cecum, colon, and rectum) at 750 and 2000 mg/kg BID in both sexes.
Organ Weights: The following (from page 23 of the report) organs were weighed.

There were no significant treatment-related changes.
Histopathology: The following (from page 24 of the report) tissues were collected for
histopathology.
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Adequate Battery: Yes.
Peer Review: Yes
Histological Findings: There were no significant treatment-related changes in the main
and in the recovery animals.
Toxicokinetics: Blood samples were collected on Days 1 and 28 at 0, 0.5, 2, 6, 12 and
24 hours time points from toxicokinetic (TK) animals.
Sodium picosulfate exposure was not dose proportional and tended to be higher in
males than in females. The Cmax of sodium picosulfate was reached by 2 hours post
first dose administration. Accumulation of sodium picosulfate (≤ 3.82-fold) was observed
in females after repeated administration of PicoPrep. Plasma concentrations of BHPM
peaked as early as 0.5 hours post first dose administration. BHPM exposure was not
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dose proportional on Day 28. There were no apparent gender differences in systemic
exposure to BHPM and generally no drug accumulations were observed after repeated
administration of PicoPrep for 28 days. Metabolite to parent compound exposure ratios
increased with increasing dose level on Day 1 but not on Day 28. BHPM exposure was
approximately between 7.5 and 98.7% of sodium picosulfate. The following table (from
page 5 of the amended report no. 2) shows the TK parameters for sodium picosulfate.

The following table (from page 6 of the amended report no. 2) shows the TK parameters
for BHPM.

56
Reference ID: 3130340

NDA # 202535

Tamal K. Chakraborti, Ph.D.

Dosing Formulation Analysis: Samples were analyzed for sodium picosulfate and
citric acid concentrations. Overall, samples were within acceptable limits of ±15% error.
Homogeneity analysis results of Day 1 samples were within the acceptable range of
≤5% for sodium picosulfate and citric acid.
Sodium picosulfate: Stability of formulations ranging from 20 to 200 mg/mL
concentration of PicoPrep (0.012- 0.12 mg/mL of sodium picosulfate) and storage
conditions (room temperature, light protection) was confirmed for 15 days.
Citric acid: Stability of formulations ranging from 20 to 200 mg/mL concentration of
PicoPrep (14.8 -148.8 mg/mL of citric acid, protected from light) and storage conditions
(room temperature, protected from light) was confirmed for 15 days.
Summary: In a 28-day oral gavage study with PicoPrep in rats, animals were
administered 230, 750 and 2000 mg/kg BID doses. The target organ could not be
identified in the absence of any significant histopathology findings. The NOAEL was
considered as 2000 mg/kg BID.
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of the gastrointestinal tract. Based on the results of this study, the high dose was
selected as 1000 mg/kg BID for the current 28-day study in dogs.

Observations and Results:
Mortality: Mortality was checked twice daily. There was no mortality.
Clinical Signs: Clinical observations were performed once prior to treatment (Day -1)
and weekly during the treatment and recovery periods (Days 1, 8, 15, 22, 28, 35, and
42). Treatment-related clinical signs included soft stools and diarrhea that were
observed in a dose-related manner. These signs subsided after cessation of the dose
administration.
Body Weights: Body weights were recorded on a weekly basis. The mean initial (Day
1) and final (Day 28) body weights of the control males were 7.11 and 8.21 kg,
respectively. The mean initial (Day 1) and final (Day 28) body weights of the control
females were 6.41 and 7.27 kg, respectively. There were no significant treatmentrelated effects.
Food Consumption: Food consumption was recorded on daily basis. The mean initial
(Week 1) and final (Week 5) food consumption of the control males were 330 and 335
g/animal/day, respectively. The mean initial (Day 1-8) and final (Day 22-28) food
consumption of the control females were 310 and 324 g/animal/day, respectively.
There were no significant treatment-related effects.
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Ophthalmoscopy: Ophthalmological examinations were performed prior to in-life
initiation (Day -4) and during the last week of the treatment period (Day 27). There
were no significant treatment-related effects.
Electrocardiography (ECG): Electrocardiographic measurements were obtained from
all animals using leads I, II, III, aVR, aVL, and aVF. The ECG measurements were
obtained once prior to in-life initiation (Day -2) and during the last week of dosing (Day
27). A single atrial premature depolarization was noted in two dogs (one in Group 1 and
one in Group 4) on Study Day -2 and in six dogs (one in Group 1, one in Group 2, two in
Group 3, and two in Group 4) on Study Day 27. This rhythm change was stated to occur
occasionally in normal dogs and was not related to test article dosing as it was also
seen in control dogs and there was no clear dose-response. No ventricular premature
depolarizations were noted throughout the study. A left axis deviation was noted
occasionally in some dogs. This axis deviation was stated to occur occasionally in
normal dogs and was not related to test article dosing. There were no statistically
significant changes in heart rate (HR), RR interval, PR interval, QRS duration, QT
interval, or QTc throughout the study. There were no other significant treatment-related
changes.
Hematology: Samples were collected for clinical pathology (hematology, clinical
chemistry, and urinalysis) as per the following table (from page 22 of the report).

There were no meaningful significant treatment-related changes.
Clinical Chemistry: There were no meaningful significant treatment-related changes.
Urinalysis: There were no meaningful significant treatment-related changes.
Gross Pathology: Gross pathology was conducted at scheduled necropsy. On Day 29,
test article-related findings were limited to abnormal contents in the gastrointestinal tract
(cecum, and colon as shown in the following table (from page 34 of the report).
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Organ Weights: The following (from page 25 of the report) organs were weighed.
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There were no meaningful significant treatment-related changes.
Histopathology: The following table (from page 26 of the report) shows the list of
tissues for histopathology.
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Adequate Battery: Yes.
Peer Review: Yes
Histological Findings: There were no significant treatment-related microscopic changes
in the main and in the recovery animals.
Toxicokinetics: Blood samples were collected for TK analysis on Days 1 and 28 as
shown in the following table (from page 23 of the report).
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Sodium Picosulfate: The maximum plasma concentration (Cmax) of sodium picosulfate
was generally reached by 12 or 24 hours post first dose. The daily exposure, as defined
by Cmax and AUC0-t, increased with increasing dose level in a dose proportional
manner on Days 1 and 28. The mean exposure increased between 3 to 5-fold after 28
days of dosing, indicating accumulation after repeated administration of PicoPrep.
Exposure to sodium picosulfate was similar among males and females. TK parameters
(sex combined) are presented in the following table (from page 43 of the TK report).
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BHPM: Plasma concentrations of BHPM peaked as early as 0.5 hours post first dose
and the Cmax was generally maintained for up to 12 hours. BHPM exposure appeared
to be proportional to the dose levels of sodium picosulfate and was similar among
females and males. In females, accumulation of BHPM was observed after repeated
administration of PicoPrep, where the AUC0-t on Day 28 was up to 2.6-fold higher than
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that of Day 1. BHPM exposure was less than 2% of sodium picosulfate exposure. The
following table shows the mean TK parameters for BHPM (from page 10 of the TK
report).

Dosing Formulation Analysis: Samples were analyzed for sodium picosulfate and
citric acid concentrations. Overall, samples were within acceptable limits of ±15% error
on Day 1 and Day 22. Homogeneity analysis results of Day 1 samples were within the
acceptable range of ≤5% for sodium picosulfate and citric acid.
Sodium picosulfate: Stability of formulations ranging from 20 to 200 mg/mL
concentration of PicoPrep (0.012- 0.12 mg/mL of sodium picosulfate) and storage
conditions (room temperature, protected from light) was confirmed for 15 days.
Citric acid: Stability of formulations ranging from 20 to 200 mg/mL concentration of
PicoPrep (14.8 -148.8 mg/mL of citric acid, protected from light) and storage conditions
(room temperature, protected from light) was confirmed for 15 days.
Summary: In a 28-day oral gavage study with PicoPrep in dogs, animals were
administered at 230, 500 and 1000 mg/kg BID doses. The target organ could not be
identified in the absence of any significant histopathology findings. The NOAEL was
considered as 1000 mg/kg BID.
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In Vitro Assays in Mammalian Cells

The review of this study report is incorporated below from the pharmacology review of
original IND 101738 dated March 23, 2010.
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Other Genetic Toxicity Studies

None

8

Carcinogenicity

None

9

Reproductive and Developmental Toxicology

The applicant did not conduct reproductive toxicology studies with sodium picosulfate.
However, the applicant provided literature references regarding the reproductive toxicity
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of sodium picosulfate, which was reviewed under IND 10738. The following is
incorporated from the pharmacology review of IND 101738 dated March 20, 2010.

9.1

Fertility and Early Embryonic Development
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Study title: Oral (Gavage) Fertility and General Reproduction Toxicity
Study of PicoPrep in Rats
Study no.: XHM00048
Study report location: 4.2.3.5.1
Conducting laboratory and location:
Date of study initiation: June 29, 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: PicoPrep, 010901T-2, 100%

Key Study Findings:

79
Reference ID: 3130340

(b) (4)

NDA # 202535
•
•
•

Tamal K. Chakraborti, Ph.D.

In an oral fertility and early embryonic development to implantation study in rats,
animals were treated with PicoPrep at 230, 750 and 2000 mg/kg BID.
PicoPrep did not cause any significant adverse effect on fertility and early
embryonic development in male and female rats.
The NOAEL for effects on fertility and reproductive performance was considered
as 2000 mg/kg BID.

Methods: PioPrep or water (control) were administered via oral gavage twice
daily (BID) to male rats beginning 28 days before cohabitation (maximum 16
days) and continuing through the day before euthanasia. Female rats were
administered the test article and/or the control article twice daily (BID, 8 hours
apart) beginning 15 days before cohabitation (maximum 16 days) and continuing
through gestation day 7 (DG 7). The test and control articles were administered
at dosage levels of 0 (Control Article), 230, 750 and 2000 mg/kg BID (PicoPrep)
at a dosage volume of 10 mL/kg. Male rats were euthanized after the completion
of the cohabitation period; reproductive organs were weighed and retained and
sperm evaluations were conducted. Female rats were euthanized on DG 13,
Caesarean-sectioned and examined for gross lesions. The number and
distribution of corpora lutea, implantation sites, viable and nonviable embryos
were recorded.
Doses: 230, 750 and 2000 mg/kg BID*
Frequency of dosing: BID (8 hours apart)
Dose volume: 10 mL/kg
Route of administration: Oral (Gavage)
Formulation/Vehicle: Deionized water
Species/Strain: SD Rats
Number/Sex/Group: 25/sex/group
Satellite groups: None
Study design: The study design is shown below (from page 24
of the study report)
Deviation from study protocol: There were no deviations that affected the
outcome or interpretation of this study. All
deviations that occurred in this study were
incidental in nature as they were documentation
or recording errors, were minimal excursions
from specific data collection endpoints (e.g., test
article administration) or minor procedural errors
that deviated from the original intent of the
experimental design. These types of deviations
from the protocol did not seem to have any
significant impact on the study outcome or
interpretation of the data.
*: Basis of dose selection: The doses were selected based on the results of a dose
ranging developmental toxicity study (XHM00044) in rats.
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In this study, mated female rats were administered 0 (Control), 230, 750, 1500 and
2000 mg/kg PicoPrep twice daily (BID), 8 hours apart, on DGs 7 through 17 at a dosage
volume of 10 mL/kg. All female rats survived to scheduled euthanasia. Clinical signs
included ungroomed coat and soft or liquid feces at 750, 1500 and 2000 mg/kg BID, and
mucoid feces at 2000 mg/kg BID. Body weight losses or reductions in body weight gain,
as well as reductions in food consumption values, were observed at 750, 1500 and
2000 mg/kg BID at various intervals within the dosage period. Mean body weight gains
were 105%, 95%, 84% and 65% of the control group value in the 230, 750, 1500 and
2000 mg/kg BID groups, respectively. During the entire dosage period (DGs 7 through
18) absolute (g/day) food consumption values were 105%, 94%, 92% and 87% of the
control group value and relative (g/kg/day) food consumption values were 104%, 96%,
95% and 90% of the control group value at 230, 750, 1500 and 2000 mg/kg BID,
respectively. No Caesarean-sectioning or litter parameters on DG 21 were affected by
the treatment with PicoPrep. There were no significant treatment-related fetal gross
external alterations. Based on the results of this study, dosage levels of 0 (Control
Article), 230, 750 and 2000 mg/kg BID PicoPrep were selected for the current study
(XHM00048). The lowest dosage level of PicoPrep, 230 mg/kg BID, approximates the
clinical dose (a single administration of PicoPrep in a 70 kg human patient is 16.13 g,
which includes 10 mg sodium picosulfate, resulting in a dose of 0.14 mg/kg sodium
picosulfate). The mid-dose, 750 mg/kg BID, represents a >3-fold exposure margin. The
high dose, 2000 mg/kg BID, represents >8-fold exposure margin, relative to the lowest
dosage level, and was selected to demonstrate maternal toxicity, as evidenced by the
body weight changes and reductions in food consumption observed in the dose ranging
study (Protocol XHM00044).

Observations and Results:
Mortality: Mortality was observed twice daily. Two female rats (8284 and 8299) at 2000
mg/kg BID were found dead during GD 2 and 1, respectively. Based on the necropsy
observations in these female rats, these mortalities were attributed to intubation and
handling errors, respectively. One female rat (8292) at 2000 mg/kg BID was found dead
on DG 8. A definitive cause of death could not be determined for this female rat. Clinical
signs in this female rat were limited to soft stool. Necropsy examination revealed an
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extra lung lobe, but no findings indicative of a cause of death. All other F0 generation
female rats survived until scheduled euthanasia.
Clinical Signs: Clinical signs were observed twice daily. In males, treatment-related
clinical signs included abnormal feces (soft or liquid feces, mucoid feces, discolored
feces/light brown) at all doses. These signs were increased at higher doses. In females,
clinical signs at 750 and 2000 mg/kg BID included abnormal feces, ungroomed coat,
and urine-stained abnormal fur.
Body Weight: Body weights were recorded on a weekly basis. The mean initial (Day 1)
and final (Day 49) body weights of control males were 363.3 and 514.3 g, respectively.
The mean initial (Day1) and final (Day 14) body weight (premating) of control females
were 250.6 and 261.2 g, respectively. The mean initial gestational (Day 0) and final
(Day 10) body weight of control females were 265.1 and 311.7 g, respectively. In males,
mean body weight gain was decreased at low (95% of control, control = 151 g), mid
(85% of control) and high (85% of control) doses from Day 1-49. In females, the mean
initial (Day 0) and final (Day 13) body weights were 265 and 329 g, respectively. In
females, mean body weight gain was decreased at low (78% of control,), mid (15% of
control) and high (88% of control) doses from Days 1-15 compared to control (control
weight gain = 12.1 g). Overall, there was a reduction in body weight gain when
compared to control.
Food Consumption: Food consumption was recorded on a weekly basis. The mean
initial (Days 1-8) and final (Days 43-50) food consumption for control males were 70.7
and 58.7 g/kg/day, respectively. The mean initial (Days 1-8) and final (Days 8-15) food
consumption (pre-mating period) for control females were 76.0 and 74.4 g/animal/day,
respectively. The mean initial (Days 0-7) and final (Days 8-13) food consumption
(gestational period) for control females were 80.1 and 85.3 g/animal/day, respectively.
Treatment-related reductions in food consumption were observed during the
precohabitation period in both sexes at 750 and 2000 mg/kg BID doses. In females, the
food consumption was not significantly altered during the gestation period.
Toxicokinetics: Not conducted
Dosing Formulation Analysis: In each of the three assays (i.e., sodium picosulfate,
citrate/citric acid and magnesium), samples from the first, mid-point, and last days of
formulation preparation met acceptance criteria for concentration (i.e., the difference
between the actual mean value and the targeted concentration was ≤ 15%) and
homogeneity (i.e., the relative standard deviation [RSD] for the formulation, calculated
as the RSD for the grand mean of the average values for top, middle and bottom
locations, was ≤ 5%).
Necropsy: After completion of the cohabitation period, all male rats were euthanized,
and a gross necropsy of the thoracic, abdominal and pelvic viscera was performed.
Reproductive organs were weighed and retained for possible histopathological
evaluation and sperm evaluations (concentration and motility) were conducted. The
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following organs were individually weighed: right testis, left testis, left epididymis (whole
and cauda), right epididymis, seminal vesicles (with and without fluid) and prostate.
There were no necropsy observations in the male rats attributed to treatment with the
test article. It is to be mentioned here that one male rat (8136) at 230 mg/kg BID had a
mass on the left cauda epididymis; the cut surface revealed a tan, firm material. Another
male rat (8144) at 230 mg/kg BID had flaccid testes and a small left testis, epididymis,
and cauda epididymis. Slight dilation in the left kidney, a calculus in the right kidney,
dilated ureters, calculi in the urinary bladder and thickened bladder walls were observed
in one male rat (8172) in the 750 mg/kg BID group. These were not considered as
treatment-related in the absence of these findings at higher doses. In females, there
were no significant treatment-related necropsy findings.
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss,
etc.): All surviving female rats were euthanized on DG 13, Caesarean-sectioned and a
gross necropsy of the thoracic, abdominal and pelvic viscera was performed. Uteri
were dissected and examined for implantation sites, number and distribution of corpora
lutea and viable and nonviable embryos. Placentae were examined for size, color and
shape.
In males, there were no significant treatment-related effects on mating and fertility index
and sperm parameters. In females, the number of estrous stages per 14 days was
comparable among the four dosage groups before the start of dosage administration
and during the precohabitation period and did not significantly differ. All mating and
fertility parameters (numbers of days in cohabitation, rats that mated, the fertility index)
were unaffected by the treatment. No Caesarean-sectioning parameters were affected
by the treatment with PicoPrep. The litter averages for corpora lutea, implantations,
preimplantation loss, viable and nonviable embryos and postimplantation loss were
comparable among the four dosage groups and did not significantly differ. No dam had
a litter consisting of only nonviable embryos. All placentae appeared normal. The
following table (from page 127 of the report) shows the Caesarean-sectioning data.
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Summary: In an oral fertility and early embryonic development to implantation study
(Segment I) in rats, animals were treated with PicoPrep at 230, 750 and 2000 mg/kg
BID. There were no significant treatment-related effects on fertility and reproductive
performance in both sexes. The NOAEL for effects on fertility and reproductive
performance was considered as 2000 mg/kg BID.

9.2

Embryonic Fetal Development

Study title: Oral (Gavage) Embryo-Fetal Developmental Study with
PicoPrep in Rats
Study no.: XHM00045
Study report location: EDR 4.2.3.5.2.1
Conducting laboratory and location:
Date of study initiation: May 2, 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: PicoPrep, Lot 010901T-2, 100%

(b) (4)

Key Study Findings:
•

In a Segment II oral embryofetal development study in rats, pregnant female SD
rats were treated with PicoPrep at 230, 750 and 2000 mg/kg BID doses.
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There were treatment-related reductions in body weight gain and food
consumption at mid and high doses.
Treatment-related clinical signs included soft feces and dehydration and
ungroomed coat at mid and high doses.
There were no significant treatment-related effects on any intrauterine or Csection parameters.
There no significant treatment-related gross fetal external, visceral or skeletal
changes.
PicoPrep was not teratogenic in this study.

Methods: In this study, pregnant female rats were randomly assigned to four
dosage groups (n = 25/group). PicoPrep or the control article (water) was
administered via oral gavage (10 mL/kg) twice daily (8 hours apart) on days 7
through 17 of gestation (DGs 7 through 17) at dosage levels of 0 (water), 230,
750 and 2000 mg/kg BID. Rats were euthanized on DG 21, Caesarean-sectioned
and examined for gross lesions. The number and distribution of corpora lutea,
implantation sites, and live and dead fetuses were recorded.
Doses: 0, 230, 750 and 2000 mg/kg BID*
Frequency of dosing: Daily
Dose volume: 10 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: Deionized water
Species/Strain: SD rats
Number/Sex/Group: 25/group
Satellite groups: None
Study design: The study design is shown below (from page 21
of the report)
Deviation from study protocol: The protocol deviations did not seem to have
any significant impact on the study outcome or
interpretation of the data.
*: Rationale for Dose selection: Doses were selected based on the results of a dosagerange developmental study (XHM00044) in rats, which was discussed before.
The study design is shown below.
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Observations and Results:
Mortality: Rats were observed for viability at least twice each day. There were no
mortalities.
Clinical Signs: Rats were observed for clinical signs twice each day. Treatment-related
clinical signs at 750 and 2000 mg/kg BID included abnormal feces, mild dehydration,
and ungroomed coat.
Body Weight: Body weights were recorded twice during the acclimation period, on DG
0 and daily during the dosage and post-treatment periods. The mean initial (Day 0) and
final (Day 20) body weights of control animals were 226.8 and 376.9 g, respectively. At
Day 20, maternal body weights were 99.2%, 95.5% and 95.7% of control at low, mid
and high doses, respectively. During GD 7-21, mean body weight gain was reduced at
low (94% of control gain), mid (87% of control gain) and high (88% of control gain)
doses when compared to control weight gain (132.7 g). Overall, maternal body weight
and body weight gain were reduced by treatment.
Food Consumption: Food consumption values were recorded on DGs 0, 7, 10, 12, 15,
18 and 21. The mean initial (Days 0-7) and final (Days 18-21) food consumptions in
control animals were 20.3 and 22.5 g/animal/day, respectively. Mean food
consumptions during Days 7-21 were 97%, 88% and 88% of control at low, mid and
high dose, respectively.
Toxicokinetics: Not conducted
Dosing Formulation Analysis: In each of the three assays (i.e., sodium picosulfate,
citrate/citric acid and magnesium), samples from the first and last days of formulation
preparation met acceptance criteria for concentration (i.e., the difference between the
actual mean value and the targeted concentration was ≤ 15%) and homogeneity (i.e.,
the relative standard deviation [RSD] for the formulation, calculated as the RSD for the
grand mean of the average values for top, middle and bottom locations, was ≤ 5%).
Necropsy: There were no significant treatment-related effects.
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):
Caesarean-sectioning or litter parameters were not affected by the treatment. The litter
averages for corpora lutea, implantations, litter sizes, live fetuses, early and late
resorptions, fetal body weights and percent resorbed conceptuses were comparable
among the four dosage groups and did not significantly differ. No dam had a litter
consisting of only resorbed conceptuses, and there were no dead fetuses. All placentae
appeared normal. The following tables (from pages 46 and 47 of the report) show the
Cesarean section data.
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Offspring (Malformations, Variations, etc.): There were no significant treatmentrelated gross fetal external, skeletal or visceral malformations . A cervical rib at the 7th
cervical vertebra, was seen in 0, 1, 3 and 6 fetuses at 0, 230, 750 and 2000 mg/kg BID,
respectively. The fetal incidences for this alteration were significantly increased at 750
and 2000 mg/kg BID groups, in comparison with the fetal incidence in the control article
group. The litter incidences for this variation were 0, 1, 2 and 5 at 0, 230, 750 and 2000
mg/kg BID, respectively. Although there was no statistical significance for the litter
incidence, however, the litter incidences appeared to be dose-related. Both the fetal and
litter incidences were higher than the respective historical control ranges (litter
incidence: 0.0-12.0%; fetal incidence: 0.0-1.7%). These alterations were considered a
common variation in this strain of rat (Khera KS, 1981, Common Fetal Aberrations and
their Teratologic Significance: a review, Fund Appl Toxicol,1:13-8). All fetal alterations
that were seen were considered unrelated to treatment for the following reasons: 1) The
litter incidence did not reflect a dosage-related pattern of effect; 2) the litter incidence
and the fetal incidence were within the range of historical control data for the testing
facility; 3) the fetal alteration occurred in a non-dosage-related manner; 4) the fetal
alteration was considered a common variation in this strain of rat; and/or 5) the fetal
alteration was considered a reversible delay in ossification. The following Table 10 (from
page 49 of the report) shows the fetal gross external alterations.
BEST AVAILABLE COPY

The following Table 11 (from page 50 of the report) shows fetal visceral alterations.
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These alterations were considered a common variation in this strain of rat. PicoPrep
was not teratogenic in this study.

Study title: Oral (Gavage) Embryo-Fetal Developmental Study of
PicoPrep in Rabbits
Study no.: XHM00047
Study report location: EDR 4.2.3.5.2.1
Conducting laboratory and location:
Date of study initiation: June 4, 2010
GLP compliance: Yes
QA statement: Yes
Drug, lot #, and % purity: PicoPrep, Lot 010901T-2, 100%

(b) (4)

Key Study Findings:
•
•
•

•
•

•

•

•

In a Segment II oral embryofetal development study in New Zealand white
rabbits, pregnant female rabbits were treated with PicoPrep at 230, 460 and 900
mg/kg BID doses.
Treatment-related mortality occurred at 230 (2 of 20), 460 (3 of 20) and 900 (11
of 20) mg/kg BID PicoPrep doses. Early euthanasia occurred due to poor clinical
conditions in 1 and 3 rabbits at 460 and 900 mg/kg BID doses, respectively.
Treatment-related clinical signs included soft or liquid feces, mucoid feces, and
light brown or green colored feces at mid and high doses. In addition, red
substance in the cage pan and perivaginal swelling were observed in a
significantly increased number at the 900 mg/kg BID dose, in comparison with
the control.
Test article-related reductions in body weight gain and food consumption were
observed at mid and high doses.
Abortions were observed at all doses. The incidences of abortion were 0, 1, 2
and 8 in the 0, 230, 460 and 900 mg/kg BID groups, respectively. Treatmentrelated abortions were probably attributed to the poor clinical condition, low food
consumption, reduced body weight, dehydration, and diarrhea.
Mean litter size and the mean number of live fetuses per litter was significantly
reduced at the high dose while the mean number of resorptions (early, late and
total) and pre- and post-implantation loss (mean %) were significantly increased
at the high dose, when compared to the respective control.
There were gross fetal external (one acephalic fetus at the high dose), visceral
(intermediate lung lobe absent at mid and high dose including control and gall
bladder absent at low and mid dose) and skeletal changes (incomplete
ossifications or absence of ossifications of several bones; lumbar vertebrae:
centrum fused, small arch; forelimb: metacarpal absent, digit absent, phalanx
absent, etc. at the high dose).
PicoPrep was not teratogenic in this study up to 460 mg/kg BID.
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Methods: In this study, pregnant female rabbits were randomly assigned to four
dosage groups (20/group). PicoPrep or the control article (water) was
administered via oral gavage (10 mL/kg) twice daily (8 hours apart) on days 7
through 19 of gestation (DGs 7 through 19) at dosage levels of 0 (Control), 230,
460 and 900 mg/kg BID. Rabbits were euthanized on DG 29, Caesareansectioned and examined for gross lesions. The number and distribution of
corpora lutea, implantation sites, and live and dead fetuses were recorded. The
following parameters were evaluated: viability, clinical observations, body
weights and body weight gains, food consumption, necropsy observations,
Caesarean-sectioning and litter observations, including fetal sex and body
weights, fetal gross external, soft tissue and skeletal alterations and ossification
site averages.
Doses: 0, 230, 460 and 900 mg/kg BID*
Frequency of dosing: Daily
Dose volume: 10 mL/kg
Route of administration: Oral gavage
Formulation/Vehicle: Deionized Water
Species/Strain: New Zealand White rabbits
Number/Sex/Group: 20/group
Satellite groups: None
Study design: The study design is shown below (from page 24
of the report)
Deviation from study protocol: There were no protocol deviations that affected
the outcome or interpretation of this study.
*: Rationale for Dose selection:
Dosage levels were selected on the basis of a dosage-range embryo-fetal
developmental toxicity study of PicoPrep in rabbits (Protocol XHM00046).
In the dose ranging study, twenty-five timed-mated rabbits were randomly assigned to
five dosage groups (Groups I through V, n = 5/group). PicoPrep or control article were
administered orally via gavage twice daily approximately 8 hours apart from DGs 7
through 19 at 0 (Control Article), 250, 450, 750, and 900 mg/kg BID (10 mL/kg).
Treatment-related clinical signs included soft or liquid feces, scant feces, mucoid feces,
no feces in cage pan and ungroomed coat. There were reductions in body weight gains
and/or body weight losses and reduction in food consumption at 750 and 900 mg/kg
BID doses. Postimplantation loss was increased in the 900 mg/kg BID group when
compared to control. Mean percentage of postimplantation loss, mean resorptions
(early and total) and mean percentage of dead or resorbed conceptuses per litter were
increased and mean litter size and mean number of live fetuses were reduced in the
900 mg/kg BID group, in comparison with the respective control group values. One
Doe at 900 mg/kg BID group had a litter consisting of only resorbed conceptuses. Mean
fetal body weights (male, female and combined) were also reduced in the 900 mg/kg
BID group, in comparison with the respective control group values. There were no fetal
gross external alterations in any of the fetuses.
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Based on the results of the dosage-range study, dosages of 230, 460 and 900 mg/kg
BID of PicoPrep were selected for the definitive embryo-fetal developmental study
(Protocol XHM00047). The lowest dosage level of PicoPrep, 230 mg/kg BID, is the
clinical dose of PicoPrep (230 mg/kg, a single administration of PicoPrep in a 70 kg
human patient is 16.13 g, which includes 10 mg sodium picosulfate, resulting in a dose
of 0.14 mg/kg sodium picosulfate). The highest dosage level, 900 mg/kg BID,
represented a >3-fold exposure (AUC) margin and was selected to demonstrate some
evidence of maternal toxicity. The middle dosage level, 460 mg/kg BID, represented a
2-fold exposure (AUC) margin and was selected to demonstrate any dose-related
responses.
The study design is shown below from page 24 of the study report).

Observations and Results:
Mortality: Mortality was observed for viability twice daily. Treatment-related mortality
occurred at 230 (2 of 20), 460 (3 of 20) and 900 (11 of 20) mg/kg BID PicoPrep. Due to
adverse clinical condition resulting from reduced food consumption and body weight
loss, early euthanasia occurred in 1 and 3 rabbits at 460 and 900 mg/kg BID dose,
respectively. Treatment and dose-related abortions were observed at all doses i.e.,
abortions occurred in 1, 2 and 8 rabbits in 230, 460 and 900 mg/kg BID groups,
respectively. There were no abortions in control animals. The high rate of abortions at
the high dose were attributed to severe maternal toxicity i.e., reductions in food
consumption, body weight loss, dehydration, etc. The applicant stated that the
increased toxicity of rabbits compared to rats was due to the sensitivity of rabbits to
alterations in the balance in intestinal microflora, which was associated with repeated
treatment with PicoPrep. As per the applicant, such sensitivity is species specific and
was reported to occur following repeated administration of antibiotics (e.g., norfloxacin).
Clinical Signs: Clinical signs were observed twice daily. Treatment-related clinical
signs included soft or liquid feces, mucoid feces, and light brown or green colored feces.
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Red substance in cage pan and perivaginal swelling were observed in a significantly
increased number at 900 mg/kg BID dose, in comparison with the control. Many of the
rabbits showing these clinical signs aborted after prolonged periods of body weight loss
and severely reduced food consumption resulting from the treatment. The following
clinical signs were observed in rabbits at 460 and 900 mg/kg BID groups that were
either euthanized due to adverse clinical condition or aborted following prolonged
periods of body weight loss and severely reduced food consumption resulting from
treatment with PicoPrep: decreased motor activity, lost righting reflex, clear or yellow
perinasal substance, ptosis, head kept low to the ground, ataxia, bradypnea, moribund
condition and pinnae cold to touch. Yellow perinasal substance was seen in one rabbit
at 230 mg/kg BID on a single occasion during the post-treatment period, and was
considered treatment related. Orange urine and hunched posture were observed in
rabbits at 900 mg/kg BID prior to scheduled termination, and were considered indicative
of poor clinical condition resulting from treatment with the test article.
Body Weight: Body weights were recorded on DG 0 and daily during the dosage and
postdosage periods. The mean initial (Day 0) and final (Day 28) body weights of control
animals were 3.55 and 3.90 kg respectively. At Day 28, maternal body weights were
95%, 99.5% and 91% of control at low, mid and high doses, respectively. During GD 2029, mean body weight gain was 100%, 164% and 100% of control weight gain (0.14 kg)
low, mid and high doses, respectively.
Food Consumption: Food consumption values were recorded on a daily basis. The
mean initial (Days 7-10) and final (Days 24-29) food consumptions in control animals
were 156.8 and 89.7 g/animal/day, respectively. Mean food consumptions during Days
7-29 were 97%, 94% and 69% of control (121.8 g/animal/day) at low, mid and high
doses, respectively.
Toxicokinetics: Not conducted
Dosing Formulation Analysis: In each of the three assays (i.e., sodium picosulfate,
citrate/citric acid and magnesium), samples from the first and last days of formulation
preparation met acceptance criteria for concentration (i.e., the difference between the
actual mean value and the targeted concentration was ≤ 15%) and homogeneity (the
relative standard deviation [RSD] for the formulation, calculated as the RSD for the
grand mean of the average values for top, middle and bottom locations, was ≤ 5%).
Necropsy: At 900 mg/kg BID, there were increased numbers of rabbits with large
gallbladders and/or gallbladders that contained green or white areas, in comparison with
the control group. These gross lesions were attributed to the treatment with PicoPrep.
The cecum was edematous in one rabbit and contained numerous red areas in two
rabbits at 900 mg/kg BID. These gross lesions were also attributed to the treatment.
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):
No Caesarean-sectioning or litter parameters were affected by treatment with PicoPrep
at 460 mg/kg BID dose. In the surviving rabbits, at 900 mg/kg BID, the mean
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At 460 mg/kg BID, there were no significant treatment-related gross fetal external,
skeletal or visceral changes (malformations or variations). One acephalic (only the
tongue, ears and a portion of the brain stem were present) fetus (8870-1) was observed
at fetal gross external evaluation at 900 mg/kg BID group, with a variety of associated
skeletal alterations (nasal, frontal, maxilla, premaxilla, zygomatic, squamosal, parietal
and interparietal not ossified; supraoccipitals incompletely ossified; metacarpals absent,
digit absent and phalanx absent). The pollex was absent on each forepaw in this fetus.
This fetus had additional skeletal alterations that included incompletely ossified, fused
and asymmetric sternal centra; incompletely ossified hyoid alae; wavy alae in the
scapulae; unilateral ossification of the centra of lumbar and sacral vertebrae; and
incompletely ossified pubes. There were no other fetuses with similar cephalic
malformations, and the fetus was observed in the litter of one rabbit that was
administered a maternally toxic dosage. Several laboratories (Cozens, DD, 1965,
Abnormalities of the External Form and of the Skeleton in the New Zealand White
Rabbit, Food Cosmet Toxicol, 3:695-700. Palmer AK, 1968, Spontaneous
Malformations of the New Zealand White rabbit: The Background to Safety Evaluation
Tests, Lab Anim, 2:195-206. Stadler, J, M-J Kessedjian, J Perraud, 1983, Use of the
New Zealand White Rabbit in Teratology: Incidence of Spontaneous and Drug-Induced
Malformations. Food Chem Toxicol, 21:631-636) have noted this rare anomaly to occur
spontaneously in this strain of laboratory rabbit (fetal incidence of 1 in 1114, 1 in 8500
and 1 in 219). This was considered to be a spontaneous occurrence and unrelated to
PicoPrep.
Fetal Visceral Alterations: Visceral alterations included intermediate lung lobe absent
(at mid and high doses including control) and gall bladder absent at low and mid
dosed.
Fetal Skeletal Alterations: Skeletal alterations at 900 mg/kg BID dose included
incomplete ossifications or reduction in ossifications, or absence of ossification of
several bones. The skeletal aberrations were generally associated with reductions in
ossification. Similar changes have been induced following restricted food
consumption (Cappon, GD, TL Fleeman, RE Chapin, and ME Hurtt, 2005, Effects of
Feed Restriction During Organogenesis on Embryo-Fetal Development in Rabbit, Birth
Defects Res (Part B), 74:424-30). The following table shows fetal external, skeletal
and visceral alterations (fetal incidences).
Parameter

0 mg/kg BID

230 mg/kg BID

460 mg/kg BID

900 mg/kg BID

Fetuses/Litters Examined

176/20

144/15

154/17

57/7

Head: Acephaly

0 (0%)

0 (0%)

0 (0%)

1 (1.8%)

Forelimbs: Digits absent

0 (0%)

0 (0%)

0 (0%)

1 (1.8%)

3 (1.7%)

0 (0%)

2 (1.3%)

3 (5.4%)

Fetal External Alterations

Fetal Visceral Alterations
Lungs: Intermediate lobe
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absent
Gall Bladder: Absent

0 (0%)

1 (0.7%)

1 (0.6%)

0 (0%)

3 (1.7%)

3 (2.1%)

1 (0.6%)

3 (5.4%)

-Irregularly shaped

1 (0.6%)

0 (0%)

1 (0.6%)

0 (0%)

-Centrum, Bifid

0 (0%)

0 (0%)

2 (1.3%)

0 (0%)

-Centrum, Unilateral
ossification

0 (0%)

0 (0%)

2 (1.3%)

0 (0%)

-Centrum, Fused

0 (0%)

0 (0%)

2 (1.3%)

0 (0%)

-Arch, Small

0 (0%)

0 (0%)

1 (0.6%)

0 (0%)

-Centrum, Fused

0 (0%)

0 (0%)

0 (0%)

1 (1.8%)

-Arch, Small

0 (0%)

0 (0%)

0 (0%)

1 (1.8%)

-Arch, Irregularly shaped

0 (0%)

0 (0%)

0 (0%)

1 (1.8%)

0 (0%)

1 (0.7%)

1 (0.6%)

0 (0%)

-Metacarpal, Absent

0 (0%)

1 (0.7%)

0 (0%)

1 (1.8%)

-Digit, Absent

0 (0%)

1 (0.7%)

0 (0%)

1 (1.8%)

-Phalanx, Absent

0 (0%)

1 (0.7%)

0 (0%)

1 (1.8%)

Fetal Skeletal Alterations
Skull: Irregular ossification
Thoracic Vertebrae

Lumbar Vertebrae

Caudal Vertebrae
-Misaligned
Forelimb

Summary: In a Segment II oral (gavage) embryofetal development study in rabbits,
pregnant female New Zealand white rabbits were treated with PicoPrep at 230, 460 and
900 mg/kg BID doses. Maternal toxicity was seen at all doses (230, 460 and 900 mg/kg
BID) characterized primarily by reduction in food consumption, body weight loss,
dehydration, abortion and/or death. The incidence and severity of the poor clinical
condition was dose-related. Similarly, the incidence of abortion was 0, 1, 2 and 8 in the
0, 230, 460 and 900 mg/kg BID groups, respectively. Treatment-related abortions were
attributed to the poor maternal clinical conditions e.g., low food consumption, reduced
body weight, dehydration, and diarrhea. The rabbit appeared to be more sensitive to the
toxicity of PicoPrep than rats in the Segment II studies. The applicant stated that the
toxicity was considered to be due to the sensitivity of rabbits to alterations in the
balance in the intestinal microflora. Such species specific sensitivity was reported (Clark
RL, RT Robertson, CP Peter, JA Bland, TE Nolan, L Oppenheimer, DL Bokelman,
1986, Association between Adverse Maternal and Embryo-Fetal Effects in NorfloxacinTreated and Food Deprived Rabbits. Fund Appl Toxicol, 7:1-15) to occur following
repeated administration of antibiotics (e.g., Norfloxacin). A maternal NOAEL could not
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There were no significant treatment-related effects on the F1 generation growth
and development and neurobehavioral tests (learning and memory as evaluated
in passive avoidance and water maze tests).
There were no significant treatment-related effects on F2 generation fetal gross
external evaluations.

Methods: One hundred female rats were randomly assigned to four dosage
groups (25/group). PicoPrep or the control article (deionized water) was
administered at 230, 750 and 2000 mg/kg via oral gavage (10 mL/kg) twice daily
(BID, 8 hours apart) from day 7 of presumed gestation (DG 7) through day 20 of
lactation (DL 20) or DG 24 (rats that did not deliver a litter). During cohabitation,
female rats were paired with breeder male rats, one male rat per female rat. The
cohabitation period consisted of a maximum of five days. After completion of the
21-day postpartum period (DL 21), female rats were euthanized, and a gross
necropsy of the thoracic, abdominal and pelvic viscera was performed. The F1
generation rats selected for continued observation were weaned on DL 21. The
F1 generation rats not selected for continued observation were euthanized on DL
21, and a gross necropsy of the thoracic, abdominal and pelvic viscera was
performed (including a cross-section of the head to evaluate the brain). F1
generation rats were mated and F2 generation rats were evaluated for the
following parameters: mortality, body weight, male/female ratio and external
alterations.
Doses:
Frequency of dosing:
Dose volume:
Route of administration:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Satellite groups:
Study design:

230, 750 and 2000 mg/kg* BID
BID, 8 hours apart
10 mL/kg
Oral gavage
Deionized Water
SD rats
25/group
None
Study design is shown below (from page 30 of
the report)
Deviation from study protocol: There were no deviations that affected the
outcome or interpretation of this study.
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*Rationale for Dosage Selection: Dosages were selected on the basis of a dosagerange developmental toxicity study (Protocol XHM00044), which was discussed before.
Observations and Results:
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F0 Dams:

Survival: Rats were observed daily for mortality. One rat at
2000 mg/kg BID was found dead on Day 24 and
one rat at 750 mg/kg BID was sacrificed on Day 24
of presumed gestation. The cause of death was not
mentioned. However, the applicant stated that there
was no treatment-related death.
Clinical signs: Clinical signs were recorded on a daily basis.
Treatment-related clinical signs included soft or
liquid feces and mucoid feces at mid and high
doses. Other clinical signs included ungroomed
coat, dehydration, red perineal area, scant feces
and urine-stained abnormal fur at mid- and high
doses. Theses clinical signs were seen in a
transient manner at the low dose.
Body weight: Body weight was recorded on a weekly basis. The
mean initial (Day 0) and final (Day 20) body weights
were 233.8 and 391.4 g, respectively. At Day 20,
mean body weights were 99.5%, 93% and 94% of
control at low, mid and high doses, respectively. At
Day 20, mean body weight gains were 99%, 85%
and 85% of control (157.7 g) at low, mid and high
doses, respectively.
Food consumption: Food consumption values were recorded on DGs 0,
7, 10, 12, 15, 18, 20 and 25 (if necessary) and DLs
1, 4, 7, 10 and 14. The mean initial (Day 0-7) and
final (Day 18-20) food consumptions were 22.6 and
23.2 g/animal/day, respectively. Mean food
consumption values during Days 0-20 were 100%,
87% and 88% of control (23.7 g/animal/day) at low,
mid and high doses, respectively.
Uterine content: After completion of the 21-day postpartum period,
female rats were euthanized and a gross necropsy
of the thoracic, abdominal and pelvic viscera was
performed. Pregnancy occurred in 24 to 25 rats in
each dosage group. There were 24, 25, 24 and 23
dams that delivered litters in the 0, 230, 750 and
2000 mg/kg BID groups, respectively. No dams had
all pups died before scheduled euthanasia on DL
21. The number of pups found dead increased with
increase in dose, and consequently, the viability
index was reduced at 2000 mg/kg BID, in
comparison with the control article group values.
Mean pup weights per litter were reduced by as
much as 15% at 2000 mg/kg BID during the
preweaning period, in comparison with the
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respective control group values. Values for the
numbers of dams delivering litters, the durations of
gestation, averages for implantation sites per
delivered litter, dams with stillborn pups, gestation
indices, dams with all pups dying, pups delivered,
liveborn and stillborn pups, lactation indices,
surviving pups per litter, percent male pups per
number of pups sexed and live litter sizes at
weighing were generally comparable among the
four dosage groups and did not significantly differ.
Data are show in Tables A11 and A12 (from page
75-76 of the report) below.

Necropsy observation:
Toxicokinetics:
Dosing Formulation
Analysis:

There were no significant treatment-related findings
Not conducted
In each of the three assays (i.e., sodium picosulfate,
citrate/citric acid and magnesium), samples from the
first and last days of formulation preparation met
acceptance criteria for concentration (i.e., the
difference between the actual mean value and the
targeted concentration was ≤ 15%) and
homogeneity (i.e., the relative standard deviation
[RSD] for the formulation, calculated as the RSD for
the grand mean of the average values for top,
middle and bottom locations, was ≤ 5%).
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Survival: Mortality was checked twice daily. There were no
mortalities. One F1 generation male rat (#5794) at
2000 mg/kg BID was euthanized due to adverse
clinical condition on PND 94. This male rat was
observed with a broken snout and was humanely
euthanized. One F1 generation female rat (#5900) at
2000 mg/kg BID was euthanized due to adverse
clinical condition on PND 31 due to a fractured tibia.
One F1 generation female rat (#5867) at 750 mg/kg
BID was euthanized due to adverse clinical condition
on PND 94. This female rat was humanely
euthanized due to a broken palate.

Clinical signs: Clinical signs were observed once daily. There were
no significant treatment-related clinical signs.
Body weight: Body weights were recorded on a weekly basis. The
mean initial (Day 22) and final (Day 120) body weight
of control males were 44.9 g and 581.6 g,
respectively. The mean initial (Day 22) and final (Day
92) body weights were 44.5 and 273.4 g,
respectively. There were no significant treatmentrelated effects.
Food consumption: Food consumption was recorded on a weekly basis.
The mean initial (Day 22-29) and final (Day 85-92)
absolute food consumption of control males were
13.7 and 26.3 g/animal/day, respectively. The mean
initial (Day 22-29) and final (Day 85-92) absolute
food consumption of control females were 13.1 and
21.3 g/animal/day, respectively. There were no
significant treatment-related effects.
Physical development: Female rats were evaluated for the age of vaginal
patency, beginning on PND 28. Male rats were
evaluated for the age of preputial separation,
beginning on PND 39. There were no significant
treatment-related effects including sexual maturation
(preputial separation and vaginal patency).
Neurological assessment: Beginning at PND 24, one male rat and one female
rat from each litter were evaluated in a passive
avoidance test for learning, short-term retention and
long-term retention. Beginning at approximately PND
70, one male rat and one female rat from each litter
were evaluated in a water-filled M-maze for overt
coordination, swimming ability, learning and memory.
There were no significant treatment-related effects
on passive avoidance and water maze performance.
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Reproduction: At approximately 90 days of age, the F1 generation
rats within each dosage group were assigned to
cohabitation period consisted of a maximum of 21
days. Female rats with spermatozoa observed in a
smear of the vaginal contents and/or a copulatory
plug observed in situ were considered to be at DG 0.
There were no significant treatment-related effects
on mating and fertility. The litter averages for corpora
lutea, implantations, percentage of preimplantation
loss, litter sizes, live fetuses, early and late
resorptions, percentage of postimplantation loss,
percentage of live male fetuses per litter, fetal body
weights and the percentage of resorbed conceptuses
were comparable among the four maternal dosage
groups and did not significantly differ. No dam had a
litter consisting of only resorbed conceptuses. The
following Table B23 (from page 199 of the report)
shows the F1 Caesarean –sectioning data.

106
Reference ID: 3130340

NDA # 202535

Tamal K. Chakraborti, Ph.D.
BEST AVAILABLE COPY

Summary: In a pre and postnatal development (Segment III) study in rats, animals
were administered PicoPrep by oral gavage at 230, 750 and 2000 mg/kg BID doses.
There were no treatment-related mortalities of the F0 rats. Clinical signs at the mid and
high doses in the F0 rats included ungroomed coat, dehydration and soft feces, which
were attributed to the pharmacological effect of PicoPrep. There were reductions in
body weight and food consumptions at the mid and high dose. The number of dead
pups was increased with the dose and the viability index was reduced at the high dose
when compared to that of the control. There were no significant treatment-related
effects on the F1 generation growth and development and neurobehavioral tests
(learning and memory as evaluated in passive avoidance and water maze tests),
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Oral, intraperitoneal (IP) and subcutaneous (SC) LD50 values for sodium picosulfate in
rats were reported to be 5000, 3000 and 6980 mg/kg, respectively.
In the 14-day oral (gavage) toxicology study (XHM00037) in rats, animals were treated
with sodium picosulfate at 30, 300 and 1000 mg/kg BID doses. The target organs
appeared to be the small and large intestines (mucosal hyperplasia at all doses and
lymphocytic infiltration at ≥ 300 mg/kg BID).
In another 1-, 5- and 14-day oral (gavage) study (XHM00042) in rats, sodium
picosulfate was administered orally at 1.5, 15, 30, and 300 mg/kg BID. Sodium
picosulfate produced soft or mucoid stools and diarrhea. Target organs appeared to be
the intestine (mucosal hyperplasia, submucosal edema, and lymphoplasmacytic
infiltration). The incidences and severity of these histopathology findings were greater in
females than males. Following the 14-day recovery periods, all histopathology findings
were recovered except for females in the cecum.
In a 14-day oral toxicology study (XHM00039) in dogs, animals were treated with
sodium picosulfate at 15, 150 and 600 mg/kg BID doses. Clinical signs included soft
stool and diarrhea at mid- and high-dose. The target organ could not be identified in the
absence of any significant treatment-related histopathology findings.
Sodium picosulfate was not mutagenic in Ames test, mouse lymphoma assay and did
not induce micronuclei in mouse bone marrow micronucleus test. No carcinogenicity
studies have been performed with PicoPrep since it is intended for short-term use.
The applicant did not conduct any reproductive toxicology study with sodium
picosulfate. However, the applicant provided literature references, which is discussed
here. In oral fertility studies in rats and rabbits, sodium picosulfate did not show any
significant adverse effect on mating performance and fertility at dosage levels up to 100
mg/kg/day. Sodium picosulfate was not teratogenic in rats up to 10,000 mg/kg/day and
in rabbits at doses up to 1000 mg/kg/day, PO. In a peri and postnatal development
study in rats, animals were treated with sodium picosulfate at 1, 10, and 100 mg/kg/day.
There were an increased number of dead pups at birth at 100 mg/kg/day. Postweaning
growth, development, behavior and reproductive functions were unaffected by the
treatment with sodium picosulfate.

PicoPrep
In a 28-day oral gavage study (XHM00052) with PicoPrep in rats, animals were
administered 230, 750 and 2000 mg/kg BID doses. The target organ could not be
identified in the absence of any significant histopathology findings. The NOAEL was
considered to be 2000 mg/kg BID.
In a 28-day oral gavage study (XHM00053) with PicoPrep in dogs, animals were
administered 230, 500 and 1000 mg/kg BID doses. The target organ could not be
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identified in the absence of any significant histopathology findings. The NOAEL was
considered to be 1000 mg/kg BID.
In an oral fertility and early embryonic development to implantation study (XHM00048)
in rats, animals were treated with PicoPrep at 230, 750 and 2000 mg/kg BID. There
were no significant treatment-related effects on fertility and reproductive performances
in both sexes. In an embryofetal development study (XHM00045) with PicoPrep in rats
at 230, 750 and 2000 mg/kg BID, PicoPrep was not teratogenic. In an embryofetal
development study (XHM00047) study in rabbits, pregnant female New Zealand white
rabbits were treated with PicoPrep at 230, 460 and 900 mg/kg BID doses.
Administration of the test article was associated with maternal toxicity at all dosage
groups (230, 460 and 900 mg/kg BID) characterized primarily by reduction in food
consumption, body weight loss, dehydration, abortion and/or death. The incidence and
severity of the poor clinical condition was dose-related. Similarly, the incidence of
abortion was 0, 1, 2 and 8 in the 0, 230, 460 and 900 mg/kg BID groups, respectively.
Treatment-related abortions were attributed to the poor clinical conditions e.g., low food
consumption, reduced body weight, dehydration, diarrhea, etc. A maternal NOAEL
could not be established as treatment-related adverse effects were seen at all doses.
Fetal external, visceral and skeletal alterations were seen at the high dose, which
caused significant maternal toxicity. Overall, PicoPrep was not teratogenic in rabbits up
to 460 mg/kg BID dose. In an oral (gavage) pre and postnatal development study
(XHM00049) with PicoPrep at 230, 750 and 2000 mg/kg BID doses, the number of dead
pups was increased with the dose and the viability index was reduced at the high dose
when compared to that of the control. There were no significant treatment-related
effects on the F1 generation growth and development and neurobehavioral tests
(learning and memory as evaluated in passive avoidance and water maze tests). There
were no significant treatment-related effects on F2 generation gross external
evaluations. Overall, PicoPrep did not have significant adverse effect on pre and
postnatal development in rats.
The NOAEL of 2000 mg/kg BID of PicoPrep in the rat resulted in approximately 3 times
and 30 times the systemic exposure of sodium picosulfate and BHPM, respectively,
than that in humans (at 230 mg/kg BID). The comparison between the systemic
exposure at 1000 mg/kg BID in the dog to the exposure in humans at the clinical dose
of PicoPrep (230 mg/kg BID, as given in study FE00017) shows that the NOAEL of this
study provides approximately 135-600 times and 12-21 times the systemic exposure of
sodium picosulfate and BHPM, respectively, as compared to humans. Summaries of
exposure data is shown below (from page 17 of Section 2.4 of the submission).
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Overall, nonclinical safety of PicoPrep has been adequately tested in several toxicology
studies with sodium picosulfate and PicoPrep. When PicoPrep, the drug product, was
tested in rats and dogs, the NOAELs were 2000 mg/kg BID (about 8 times the
recommended clinical dose of 16.1 g BID or 533 mg/kg based on a 60-kg body weight)
and 1000 mg/kg BID (about 4 times the recommended clinical dose of 16.1 g BID or
533 mg/kg based on a 60-kg body weight), respectively. Sodium picosulfate was not
genotoxic in genotoxicity studies. Sodium picosulfate or PicoPrep was not teratogenic
in rats and rabbits and did not have any adverse effect on fertility and early embryonic
development in rats. In addition, sodium picosulfate was not genotoxic. Overall,
nonclinical studies conducted with PicoPrep provide adequate assurance of safety and
support its proposed use at the intended therapeutic dosage and in accordance with the
proposed product labeling.
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Appendix/Attachments

None
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Stamp Date: 9/16/11

Drug Name: PicoPrep

NDA Type: New NDA
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On initial overview of the NDA/BLA application for filing:

Content Parameter
1 Is the pharmacology/toxicology section
organized in accord with current regulations
and guidelines for format and content in a
manner to allow substantive review to
begin?
2 Is the pharmacology/toxicology section
indexed and paginated in a manner allowing
substantive review to begin?
3 Is the pharmacology/toxicology section
legible so that substantive review can
begin?
4 Are all required (*) and requested IND
studies (in accord with 505 b1 and b2
including referenced literature) completed
and submitted (carcinogenicity,
mutagenicity, teratogenicity, effects on
fertility, juvenile studies, acute and repeat
dose adult animal studies, animal ADME
studies, safety pharmacology, etc)?
5 If the formulation to be marketed is
different from the formulation used in the
toxicology studies, have studies by the
appropriate route been conducted with
appropriate formulations? (For other than
the oral route, some studies may be by
routes different from the clinical route
intentionally and by desire of the FDA).
6 Does the route of administration used in the
animal studies appear to be the same as the
intended human exposure route? If not, has
the applicant submitted a rationale to justify
the alternative route?

7

Has the applicant submitted a
statement(s) that all of the pivotal
pharm/tox studies have been performed
in accordance with the GLP regulations
(21 CFR 58) or an explanation for any
significant deviations?

Yes No

Comment

√

√
√

√

√

√

√

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR
NDA/BLA or Supplement
Content Parameter
8 Has the applicant submitted all special
studies/data requested by the Division
during pre-submission discussions?
9 Are the proposed labeling sections relative
to pharmacology/toxicology appropriate
(including human dose multiples expressed
in either mg/m2 or comparative
serum/plasma levels) and in accordance
with 201.57?
10 Have any impurity – etc. issues been
addressed? (New toxicity studies may not
be needed.)
11 Has the applicant addressed any abuse
potential issues in the submission?
12 If this NDA/BLA is to support a Rx to OTC
switch, have all relevant studies been
submitted?

Yes No

Comment

√

√

The proposed labeling sections relevant
to nonclinical studies will be revised
during the labeling review.

N/A

N/A

N/A

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION
FILEABLE? ________YES.

If the NDA is not fileable from the pharmacology/toxicology perspective, state the reasons and
provide comments to be sent to the Applicant. _____N/A
Please identify and list any potential review issues to be forwarded to the Applicant for the 74day letter._____None

Tamal K. Chakrabortit, Ph.D.
Reviewing Pharmacologist

November 1, 2011
Date

Sushanta K. Chakder, Ph.D.
Supervisor

November 1, 2011
Date
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