
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

203284Orig1s000 
 
 

PHARMACOLOGY REVIEW(S) 



Comments on N203284 Ravicti glycerol phenyl butyrate 

 From A. Jacobs, AD 

 Date: Dec  10, 2012 

 

 

1. I concur that there are no pharm/tox approval issues and that the pregnancy category 
should be C.  I concur with the Team leader that the nonstatistically significant tail effects 
in rat fetuses could be eliminated from the labeling 

2. I have conveyed other comments to the Team leader and they will be addressed as 
appropriate 

Reference ID: 3228387



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

ABIGAIL C JACOBS
12/10/2012

Reference ID: 3228387



ADDENDUM TO PHARMACOLOGY TEAM LEADER MEMORANDUM FOR 
NDA 203,284 DATED DECEMBER 10, 2012 

 
In the Pharmacology/Toxicology review by Dr. Ke Zhang (dated November 28, 2012), 
the following recommendation appears in the evaluation of the proposed labeling: 
 
13.2 Animal Toxicology and/or Pharmacology 
 
Evaluation: The sponsor omitted this section from the proposed labeling. However, in 
the label for Buphenyl (sodium phenylbutyrate), the following paragraph is included 
under “PRECAUTIONS”: 
 
“Neurotoxicity of Phenylacetate in Animals” 
“When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused 
decreased proliferation and increased loss of neurons, and it reduced CNS myelin. 
Cerebral synapse maturation was retarded, and the number of functioning nerve 
terminals in the cerebrum was reduced, which resulted in impaired brain growth. 
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the 
cortical pyramidal cells; dendritic spines were longer and thinner than normal and 
reduced in number.” 
 
Since phenylacetate is a major metabolite of glycerol phenylbutyrate, the same 
information should be included in the label for Ravicti. 
 
Recommended Version: 
 
13.2 Animal Toxicology and/or Pharmacology 
 
Neurotoxicity of Phenylacetate in Animals 
 
When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused 
decreased proliferation and increased loss of neurons, and it reduced CNS myelin. 
Cerebral synapse maturation was retarded, and the number of functioning nerve 
terminals in the cerebrum was reduced, which resulted in impaired brain growth. 
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the 
cortical pyramidal cells; dendritic spines were longer and thinner than normal and 
reduced in number. 
 
 
Comments: 
 
Dr. Zhang provided a reasonable argument for including this animal data in the Ravicti 
label, and I concurred with all of Dr. Zhang’s labeling recommendations in my Team 
Leader memorandum.  However, I have reconsidered my view on this issue.  First, it 
should be noted that the animal data summary, which originates from the Buphenyl® 
label, was based on data from an unidentified publication (see Pharmacology/ 
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Toxicology review of NDA 20,572 and 20,573 dated April 23, 1996).  The study methods 
were not described in this review.  However, the data summary in the Buphenyl® label 
does indicate that the active metabolite, phenylacetate (PAA), which is known to be 
neurotoxic, was injected subcutaneously in rat pups and presumably in pregnant rats for 
the prenatal exposure evaluation.   
 
The subcutaneous dosing of PAA in this study may have produced plasma levels higher 
than that achievable through oral administration of glycerol phenylbutyrate at an 
equivalent dose.  Therefore, the relevance of the study results to the risk of 
neurotoxicity with orally administered glycerol phenylbutyrate is unknown.  Furthermore, 
given that no detailed information about the study methods is available, the suitability of 
this data for inclusion in the Ravicti label is uncertain.  Based on these considerations, it 
is appropriate to omit this nonclinical information in the Ravicti label.  
 
 
Recommendations: 
 
The nonclinical information from the Buphenyl® label, as shown above, should not be 
included in the Ravicti label.  
 
 
 
 
                                            __________________________________   ____________ 
                                       David B. Joseph, Ph.D.                                   Date 
                                          Pharmacology Team Leader 
 Division of Gastroenterology and Inborn Errors Products 
 
 
 
 
 
 
cc: 
NDA 203,284 
DGIEP 
DGIEP/PM 
DGIEP/Dr. Joseph 
DGIEP/Dr. Zhang 
DGIEP/Dr. Blank 
DGIEP/Dr. Griebel 
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES 
 PUBLIC HEALTH SERVICE 
 FOOD AND DRUG ADMINISTRATION 
    CENTER FOR DRUG EVALUATION AND RESEARCH 
  
 
FROM:  David B. Joseph  
 Pharmacology Team Leader 
 
DATE: December 10, 2012 
 
SUBJECT: NDA 203,284 (SD # 1 dated December 23, 2011) 
 
Sponsor: Hyperion Therapeutics Inc. 
 
Drug Product: Ravicti™ (glycerol phenylbutyrate) 
 
Comments: 
 
1. Ravicti™ (glycerol phenylbutyrate) is a ) 

for oral administration, and is indicated for adjunctive therapy for chronic 
management of adult and pediatric patients with UCDs (urea cycle disorders). 
Glycerol phenylbutyrate is a triglyceride containing three molecules of 4-phenyl-
butyric acid (PBA) linked to a glycerol backbone.  The drug is metabolized to PBA 
and then PAA (phenylacetic acid), which is conjugated with glutamine to form PAGN 
(phenylacetylglutamine).  PAGN is excreted in urine, thereby acting as a substitute 
for urea by mediating nitrogen excretion.  Glycerol phenylbutyrate and sodium 
phenylbutyrate (Buphenyl®) are metabolized to the same active metabolite (PAA), 
therefore both drugs share the same mechanism of action.  Buphenyl® is approved 
for adjunctive therapy in the chronic management of adult and pediatric patients with 
UCDs. 

 
2. In the 2-year rat carcinogenicity study, glycerol phenylbutyrate produced an 

increased incidence of pancreatic acinar cell adenoma, carcinoma and combined 
adenoma or carcinoma, and Zymbal’s gland carcinoma in both male and female 
rats, and thyroid follicular cell adenoma, carcinoma and combined adenoma or 
carcinoma, adrenal cortical combined adenoma or carcinoma, uterine endometrial 
stromal polyp and combined polyp or sarcoma in female rats.   

 
3. Glycerol phenylbutyrate and its major metabolites are not genotoxic.  Therefore, the 

drug-induced tumors in rats appear to be mediated by a non-genotoxic 
mechanism(s).  A common mechanism for induction of thyroid follicular cell tumors 
in rodents is through hepatic microsomal enzyme induction (Capen, Toxicologic 
Pathology, 25(1), pg. 39-48, 1997).  The metabolites PBA and PAA were shown to 
be P450 enzyme inducers in cultured human hepatocytes, and hepatocellular 
hypertrophy (indicative of enzyme induction) was observed in mice and monkeys in 
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repeat-dose toxicity studies with glycerol phenylbutyrate.  Although thyroid tumors 
occurred in rats in the 2-year carcinogenicity study, the available data from all rat 
studies does not clearly indicate whether glycerol phenylbutyrate or its metabolites 
produce enzyme induction.  The Sponsor did not provide any study that evaluated 
enzyme induction in rats.  However, a dose-dependent increase in liver weight 
occurred in the 3-month oral toxicity study in rats (up to 31% in females), but this 
effect was not associated with histological findings.  Although hepatocellular 
hypertrophy was not observed in rats, the increased liver weight is consistent with 
enzyme induction.  Therefore, the weight of evidence from rats and other species 
suggests that the thyroid tumors in rats were secondary to hepatic enzyme 
induction, a mechanism that does not appear to be relevant to the risk of thyroid 
tumor development in humans (Capen, Toxicologic Pathology, 25(1), pg. 39-48, 
1997).  However, in the absence of additional studies (e.g. hepatic enzyme induction 
in rats, effects on TSH levels in rats), a final conclusion cannot be made regarding 
the mechanism of the thyroid follicular cell tumors produced by glycerol 
phenylbutyrate.  

 
 
Recommendations: 
 
There are no nonclinical issues which preclude the approval of Ravicti™.  I concur with 
Dr. Zhang’s recommendation for approval, and his recommendations for labeling 
revisions. 
 
 
 
 
 
                                            __________________________________   ____________ 
                                       David B. Joseph, Ph.D.                                   Date 
                                          Pharmacology Team Leader 
 Division of Gastroenterology and Inborn Errors Products 
 
 
 
 
 
 
cc: 
NDA 203,284 
DGIEP 
DGIEP/PM 
DGIEP/Dr. Joseph 
DGIEP/Dr. Zhang 
DGIEP/Dr. Blank 
OND IO/Dr. Jacobs  
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 203,284 are owned by Hyperion Therapeutics or are 
data for which Hyperion Therapeutics has obtained a written right of reference. Any 
information or data necessary for approval of NDA 203,384 that Hyperion Therapeutics 
does not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of NDA 
203,284. 
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1. Executive Summary 

1.1 Introduction 
 
Glycerol phenylbutyrate is a triglyceride containing three molecules of 4-phenylbutyric 
acid (PBA) linked to a glycerol backbone.  Glycerol phenylbutyrate is hydrolyzed by 
lipases in the GI tract to glycerol and PBA following oral administration.  PBA is then 
absorbed and metabolized to phenylacetic acid (PAA), which is subsequently 
conjugated with glutamine in the liver and kidneys to form phenylacetylglutamine 
(PAGN).  PAGN is excreted in urine, thereby eliminating two moles of nitrogen on molar 
basis.  Thus, PAGN is utilized as an alternate means for metabolic disposal of nitrogen 
waste in patients with genetic defects in their urea cycle.  Buphenyl (sodium 
phenylbutyrate) is approved for treatment of urea cycle disorders.  The current sponsor 
seeks market approval for glycerol phenylbutyrate as adjunctive therapy for chronic 
management of adult and pediatric patients ≥ 6 years of age with urea cycle disorders. 

    

1.2 Brief Discussion of Nonclinical Findings 
 

Ravicti™ (glycerol phenylbutyrate) is a ) 
for oral administration.  Glycerol phenylbutyrate was tested as a neat liquid in the 
nonclinical studies.  The results of the repeated-dose oral toxicity studies revealed that 
the central nervous system was the target organ of toxicity based on clinical signs 
including hypoactivity, impaired equilibrium, ptosis, and shallow or labored respiration in 
mice, hypoactivity, impaired equilibrium, and rigid muscle tone in rats, and hypoactivity, 
impaired equilibrium, hunched posture, recumbency, labored respiration, and tremor in 
monkeys.  Histopathologic examination revealed hepatocellular hypertrophy in 13-week 
oral toxicity studies in mice and monkeys and in the 52-week oral toxicity study in 
monkeys.  Minimal to mild periductal mixed cellular infiltrates in liver were observed in a 
neonatal rat toxicity study after 7 weeks of treatment.  
 

Glycerol phenylbutyrate was not genotoxic in the Ames test, the in vitro 
chromosomal aberration test, or the in vivo rat micronucleus test.  The metabolites PBA, 
PAA, PAGN, and phenylacetylglycine (PAG) were not genotoxic in the Ames test or the 
in vitro chromosomal aberration test. 
 

Glycerol phenylbutyrate was not tumorigenic in the 26-week carcinogenicity 
study in Tg.rasH2 mice at oral doses of 600 and 1000 mg/kg/day.  In the 2-year 
carcinogenicity study in rats, glycerol phenylbutyrate increased the incidence of 
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pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma, and 
Zymbal’s gland carcinoma in both male and female rats, and thyroid follicular cell adenoma, 
carcinoma and combined adenoma or carcinoma, adrenal cortical combined adenoma or 
carcinoma, uterine endometrial stromal polyp and combined polyp or sarcoma in female 
rats.  The exposure multiples which produced tumors were 4.7 in male rats and 8.4 in 
female rats relative to adult patients, and 3 in male rats and 5.5 in female rats relative to 
pediatric patients. 
 

Glycerol phenylbutyrate did not have adverse effects on fertility or reproductive 
function in rats at oral doses up to 0.9 g/kg/day, but did produce an increase in the 
number of non-viable embryos at 1.2 g/kg/day in the fertility and general reproduction 
toxicity study in rats.   
 
 Glycerol phenylbutyrate had no adverse effects on embryo-fetal development in 
the oral developmental Segment II toxicity study in rabbits.  In the oral developmental 
Segment II toxicity study in rats, the most common fetal effect was the presence of a 
cervical rib at the 7th cervical vertebra in the drug-treated rats.  This effect was dose-
dependent.  Increased resorptions and reduced litter size were observed in the neonatal 
rat toxicity study.   
 
 

1.3 Recommendations 

1.3.1 Approvability 
From a nonclinical standpoint, the NDA application is approvable for the proposed 
indication. 
 
 
1.3.2 Additional Non Clinical Recommendations 
 
None 
 
1.3.3 Labeling 
 
Sponsor’s Version: 

8.1. Pregnancy 

Pregnancy Category C 
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Evaluation:  The animal to human exposure ratios should be calculated using the 
combined AUCs for PBA and PAA, given that the human AUCs for these metabolites 
are similar.  The incidence of cervical ribs at the 7th cervical vertebra in rat fetuses 
should be stated since this effect was dose-dependent and statistically significant.  The 
description of  should be 
deleted, since these findings were not statistically significant and occurred with low 
incidence.  Adverse embryo-fetal effects (i.e. increased resorptions and reduced litter 
size) that were observed only in the reproduction phase of the neonatal rat toxicity study 
should also be stated.   
 
Recommended Version: 

8.1. Pregnancy 
 
Pregnancy Category C 
 
The potential for glycerol phenylbutyrate to cause teratogenic effects was studied in rats 
and rabbits.  Oral administration of glycerol phenylbutyrate up to 350 mg/kg/day in 
rabbits produced maternal toxicity, but no effects on embryo-fetal development.  In rats, 
oral doses of 650 mg/kg/day and higher produced maternal toxicity and adverse effects 
on embryo-fetal development including reduced fetal weights, and cervical ribs at the 7th 
cervical vertebra.  The dose of 650 mg/kg/day in rats is approximately 5.7 times the 
dose of 6.87 ml/m2/day in adult patients, based on combined AUCs for PBA and PAA.  
No adverse effects were observed in rat fetuses at 300 mg/kg/day (1.9 times the dose 
of 6.87 ml/m2/day in adult patients, based on combined AUCs for PBA and PAA).  In a 
neonatal rat study with daily dosing performed on post partum day 2 through mating and 
pregnancy after maturation, embryotoxicity (increased resorptions) occurred at 650 
mg/kg/day and litter size was reduced at 900 mg/kg/day.  There are no adequate and 
well-controlled studies in pregnant women.  Ravicti should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 
 
 
Sponsor’s Version: 
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Evaluation:  The description of tumor incidences in rats should be changed to conform 
to the conclusions of the FDA review of the rat carcinogenicity study.  The animal to 
human exposure ratios should be calculated using the combined AUCs for PBA and 
PAA, given that the human AUCs for these metabolites are similar.  The exposure ratios 
for both adult and pediactric patients should be stated.   
 
 
Recommended Version: 
 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
 
Carcinogenesis  
In a 26-week study in transgenic (Tg.rasH2) mice, glycerol phenylbutyrate was not 
tumorigenic at doses up to 1000 mg/kg/day.  In a two-year study in Sprague-Dawley 
rats, glycerol phenylbutyrate caused a statistically significant increase in the incidence 
of pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma at 
650 mg/kg/day in males (4.7 times the dose of 6.87 ml/m2/day in adult patients, based 
on combined AUCs for PBA and PAA) and 900 mg/kg/day in females (8.4 times the 
dose of 6.87 ml/m2/day in adult patients, based on combined AUCs for PBA and PAA).  
The incidence of the following tumors was also increased in female rats at 900 
mg/kg/day: thyroid follicular cell adenoma, carcinoma and combined adenoma or 
carcinoma, adrenal cortical combined adenoma or carcinoma, uterine endometrial 
stromal polyp and combined polyp or sarcoma.  The dose of 650 mg/kg/day in male rats 
is 3 times the dose of 7.45 ml/m2/day in pediatric patients, based on combined AUCs for 
PBA and PAA.  The dose of 900 mg/kg/day in female rats is 5.5 times the dose of 7.45 
ml/m2/day in pediatric patients, based on combined AUCs for PBA and PAA.  
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Mutagenesis 
Glycerol phenylbutyrate was not genotoxic in the Ames test, the in vitro chromosomal 
aberration test in human peripheral blood lymphocytes, or the in vivo rat micronucleus 
test.  The metabolites PBA, PAA, PAGN, and phenylacetylglycine were not genotoxic in 
the Ames test or in vitro chromosome aberration test in Chinese hamster ovary cells.   
Impairment of Fertility 
Glycerol phenylbutyrate had no effect on fertility or reproductive function in male and 
female rats at oral doses up to 900 mg/kg/day.  However, the number of non-viable 
embryos was increased at 1200 mg/kg/day (approximately 7 times the dose of 6.87 
ml/m2/day in adult patients, based on combined AUCs for PBA and PAA).  
 
13.2 Animal Toxicology and/or Pharmacology 
 
Evaluation: The sponsor omitted this section from the proposed labeling.  However, in 
the label for Buphenyl (sodium phenylbutyrate), the following paragraph is included 
under “PRECAUTIONS”:   
 
“Neurotoxicity of Phenylacetate in Animals”  
“When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused 
decreased proliferation and increased loss of neurons, and it reduced CNS myelin. 
Cerebral synapse maturation was retarded, and the number of functioning nerve 
terminals in the cerebrum was reduced, which resulted in impaired brain growth. 
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the 
cortical pyramidal cells; dendritic spines were longer and thinner than normal and 
reduced in number.” 
 
Since phenylacetate is a major metabolite of glycerol phenylbutyrate, the same 
information should be included in the label for Ravicti. 
 
Recommended Version: 
 
13.2 Animal Toxicology and/or Pharmacology 
 
Neurotoxicity of Phenylacetate in Animals 
  
When given subcutaneously to rat pups, 190–474 mg/kg phenylacetate caused 
decreased proliferation and increased loss of neurons, and it reduced CNS myelin. 
Cerebral synapse maturation was retarded, and the number of functioning nerve 
terminals in the cerebrum was reduced, which resulted in impaired brain growth. 
Prenatal exposure of rat pups to phenylacetate produced lesions in layer 5 of the 
cortical pyramidal cells; dendritic spines were longer and thinner than normal and 
reduced in number. 
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2 Drug Information 

2.1 Drug 
 
Trade Name:  Ravicti™ 
 
Code Name: HPN-100 
 
Chemical Name:  Glycerol phenylbutyrate (GPB)  / Glyceryl Tri-(4-phenylbutyrate) 
(GT4P)  
 
Note:  The code name, HPN-100, and abbreviations for the drug name, GPB and GT4P, 
are used in this review interchangeably.  
 
 
Molecular Formula/Molecular Weight: 
 

 
 
Structure or Biochemical Description: 
 

 
 
 
Pharmacologic Class:  Nitrogen scavenging agent for hyperammonemia 
 

2.2 Relevant INDs, NDAs, and DMFs:  IND 73,480 
 

2.3 Drug Formulation 
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RavictiTM is a "M" for oral administration. It is

colorless to pale yellow, and odorless. There are “m

2.4 Comments on Novel Excipients: None

2.5 Comments on Impurities/Degradants of Concern: None

2.6 Proposed Clinical Population and Dosing Regimen

The proposed indication for Ravicti is adjunctive therapy for chronic management of

adult and pediatric patients 2 6 years of age with urea cycle disorders involving

deficiencies of the following enzymes: carbamyl phosphate synthetase (CPS), ornithine

transcarbamylase (OTC), argininosuccinate synthetase (ASS), argininosuccinate lyase

(ASL) or arginase (ARG) as well as the mitochondrial transporter ornithine translocase

(hyperornithinemia—hyperammonemia—homocitrullinuria [HHH] syndrome, also referred

to as ornithine translocase deficiency).

The recommended starting dose for an adult is m“) divided into 3
doses. The recommended starting dose for pediatric patients is summarized in a table

below taken from the sponsor's label.

Table 1: Recommended Starting Dose for Pediatric Patient (6-17 years of age)

BSA Recommended Startlng Dose
0!) (4)

The recommended dosing range for both adults and patients 6-17 years of age is 4.5 to

11.2 mUm2/day (5.0 to 12.4 glm2/day). Total daily dose is not to exceed 17.5 mL (19.3
9)-

Regulatory Background

Glycerol phenylbutyrate (RavictiTM) was developed under IND 73,480. In the pre-NDA

meeting on December 7, 2010, the sponsor agreed to submit final study reports of all

required nonclinical studies, including the statistical analysis of the tumor datasets from

the rat and mouse carcinogenicity studies, in the NDA submission. All needed study

reports are submitted to this NDA (see below).
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3 Studies Submitted

3.1 Studies Reviewed

Pharmacology

Safety pharmacology

  
 

 

  

 

 

Overview Test Article: Phenylacetlc Add (FAA),

Lphenylbutrylc acid (PEA), Glycerol Pheuylbutyrate (GPB)1

  
 

Type of Study Test System Method of Testing Facility Location
Administration Vol. Page  

Safety Phlrmncology 

 Cardiovascular _ _ (b) (4) b) . ~ 1.. ‘ . ) _

hERG assay HEK-93 Translcctcd Lclls In rm 0 501-09 1
Cardiovascular: ‘ ' M . . 7 b
Myocardial clamp Ra bbtt my mytcs In m1 0 001094
 

Cardiovascular.

.‘kn'hythmogenic potential Rabbitd Oral 283-08011"via the Carlsson Model     ‘ . - . . . ,ll L'CY
Cmdlox aswlar Cynomolgus Monkey Oral 0049053 0641‘

Central Nervous System ‘ v.1 L'CY
& Rcspimtion CY“°“‘°15“5 Mm“) 0“” 003052669“ 
11ERG= human ether-a-go-go related gene. HEKfi-93=humm1emb1me kidney cells. line 293
' Test mmle=phenylacenc acid [,PAAD
1' Study report commits a GLP Compliante statement
‘ Test artxc19:4-plleuy1buuylc acid (PBA)
‘Teet mmle=glycerol phenylbutyrate (GPB). formerly referred to as glycet'yl III-(4 phenylbmyare) :‘GT4PW,

Pharmacokinetics

1 0
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Table 2.4-2: Phal'macokinetic and Metabolism Studies Conducted with GPB

Study

Abso tion Monkey 0 6 91: of GPB (reat) U: i‘1’ - ' ~‘ g ‘ 0025043564

0-6 gkg of “C-GPB

——m 0‘6 g PBA equivalents-kg CFU0007
——m- 06 g'kg of ‘C-GPB UCY0008

_ a . Rat mouse dog rabbit l1000 11gmLJCPBA
Protem bmdmg incl1k“; lnunan ' In virro 5-1000 ugmL C-PAA or CFU0003

,- 1—250 pgmL “CPAGN

Ra“ “1°“Se' d°g' rabb‘“ In vitro 1 pM—io mM of ”C-PBA PAJ 005
monkey. human

Pancreatic lipase Recombinant human

actixity against PTL. PLRPZ. colipase. .- .. ,
GPB and CEL p .5ed from In \ItTO 0.5 mL of GPB Lo“ e_009

yeast

0 6 else. of 406912

Metabolism- .- 0.0287—86 mM PBA. or THuman Waves mm mmm m
Metabolism— Human liver nncrosomes In vitro 5 mM GPB or PBA CFUOOOS

inhibition

Table 2.4-2: Pharmacokinetic and Metabolism Studies Conducted with GPB (Continued)

_ ‘ Study

Human plasma

Drug—drug Human liver microsomes
interaction: Human intestinal

in mm enzymatic microsomes

hydrolysis 0f GPB Purified porcme lipase in
simulated intestinal fluid

 
9.4 or 25 uM of GPB

——im 06 kzofI‘CGPB UCY0008

1:11c:nlvsls of €633) Simulated intestinal fluid GPB loo—100000 H34“) A5195

GPB = glycerol phenylbutymte; PBA = phenylbutymte; PAA= phenylacetic acid; 14C: carbon radiolabel;

PTL = pancreatic triglyceride lipase; PLRPZ = pancreatic lipase related protein 2; CEL = carboxyl ester lipase.

 

1 1
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Toxicology

Table 2.4-3: Toxicology Studies Conducted with GPB

_ , GPB Doses Dosing , . _

5mm... I:_— am In- 0051000.
~ ems "051003;“,

0.60. 0.90. 1.20. 1.50.

. 0.65. 0.90. 1.2, 2.0 “Wt—510007Mice
M: 0.60. 0.90. 1.20

F: 0.90. 1.50. 2.00

0.55. 0.90. 1.2 "
Repea‘ed d°5°

671001

Monkeys 0.75. 1.25. 1.75 "40510010
0.7. 1.1. 1.5 ”M67100:

GenotoxmiryGPB: . . _. ‘,
S. aphzmunum 10—5000 11g, plate 7602-100

Chromosomal Human . .. 7 .‘ 7-

W W... 760-
——m- 0.5.1.0. 2.0 May

Carcinogenicity‘ M: 0.07. 0.21 0.65‘ 7 MR)
CD(SD) rats n F: 01‘ 0‘3. 0'9 -4 months 671007

Repmchlction and ,, . a _
femhty 0‘61 0‘9' 1'” MQYUWU

Om] 0.65. 0.9. 1.2. 1.5" GD 7—17 MQY00007
0.3.0.65. 0.9 GD 7-17 MQY00008

Developmental b
0.2. 0.4. 0.6 GD 7-19 MQY00009

0.15. 0,25. 0.35 GD 7—19 MQYOOOIO

——m- 03.06.09 cm—wzo movooou
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Table 2.4-3: Toxicology Studies Conducted with GPB (Continued)

. _ GPB Doses Dosing , . .

PND-’ —15:

and QBL'00006
PND-73—4

PND 3—50:
and PND Z—

065. 0.9. 1.2 127139 (M): QBU00007
or PND Z—GD

20 (F)

GPB—- 31Vcerol phenylbutyrate: GD= gestation day; LD—- lactation daV'; NA: not applicable: PND: postnatal day.

S" ' Male: 28 daVs prior to mating through sacnfrce; Female: 15 day5 prior to mating through gestation day. 7
b Dose range—finding study

Table 2.4-4: Toxicology Studies Conducted VVitli PBA FAA and PAGN

TestpAnkle TVpe of StudV' mm Test Article ('oncentlation Study Xumber1.5.5.0.15 50150 500.

1500. and 5000 pg plate
1.5. 5.0. 15. 50. 150. 500.

S. [\phimmfl-{m In ”no 1500. and 5000 llg plate
and E. coil 15. 5.0. 15. 50. 150. 500.

1500. and 5000 pg plate
1.5. 5.0. 15. 50. 150. 500.

1500. and 5000 pg plate

Neonatal Juvenile 

 
(I!) (4)

Ames assay

Human

peripheral
blood

Chromosomal antmltotheS

aberration Chinese 450 to 1640 pg mL
hamster ovary In Vino 116 to 1360 pg mL

cells 520 to 2643 pg tnL
PAA = phenylacetic acid: FAG = phenylacetylglycine: PAGN = phenylacetylglutanune: PBA = phenylbutyrate

In vitro 210 to 1640 pg mL

3.2 Studies Not Reviewed

None

3.3 Previous Reviews Referenced

The following pharmacology reviews under IND 73,480 and this NDA were referenced.
Full reviews are included in this review verbatim:

1. Pharmacology Review (#001) by Ke Zhang, Ph.D. dated 6/6/2006

2. Pharmacology Review (#000) by Ke Zhang, Ph.D. dated 10/25/2006

3. Pharmacology Review (#004) by Ke Zhang, Ph.D. dated 10/26/2006

4. Pharmacology Review (#005) by Ke Zhang, Ph.D. dated 12/13/2006

5. Pharmacology Reviews (#005 and #006) by Ke Zhang, Ph.D. dated 12/18/2007

6. Pharmacology Reviews (SX #037 and SX#038, #040 and #041) by Ke Zhang, Ph.D.
dated 8/13/2008
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7. Pharmacology Review (#047) by Ke Zhang, Ph.D. dated 02/02/2009 
8. Pharmacology Review (#076) by Ke Zhang, Ph.D. dated 05/13/2010 
9. Pharmacology Review (#021) by Ke Zhang, Ph.D. dated 02/17/2011 
10. Pharmacology Review (#061) by Ke Zhang, Ph.D. dated 09/28/2011 
11. Pharmacology Review (#099) by Ke Zhang, Ph.D. dated 07/31/2012  
12. Executive CAC meeting minutes dated 8/14/2008 and 2/18/2010 under IND 73,480     
      and 7/23/2012 under NDA 203,284 
  
 

4 Pharmacology  

4.1 Primary Pharmacology 
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Mechanism of action:

GT4P consists of three molecules of 4-phenylbutyric

acid (PBA) on a triglyceride backbone. The results of the

pharmacokinetic studies have demonstrated that following

oral dosing of GT4P in rats or primates substantial levels

of PBA were detected in plasma. However, neither GT4P nor

its ”")degradants were detected in
the plasma. The results suggest that PBA is released from

the molecule following absorption of GT4P. There are also

substantial levels of phenylacetic acid (PAA) detected in

the plasma and urine of both rats and monkeys, indicating

that PBA released from GT4P is further converted through 3—
oxidation to PAA. The later is the substrate for metabolic

processes that conjugate glutamine in the liver and kidney

through the enzyme phenylacetyl—COA: L-glutamine—N—

acetyltransferase to form phenylacetylglutamine (PAGN).

The biochemical formation of phenylacetylglutamine is

depicted in the following table.

Biochemical Focmatlon of Phenylacotylglutanino

Mayhem MW

@flifiwou @4300"———<>
W

rm, con.

magnum ids
‘ (cm

.ocil,m>{Qc/:Hooou gm
m; ~- em

PAA may conjugate with glycine instead of glutamine to form

phenylacetylglycine (PAG) instead of PAGN. PAGN and PAG
are eliminated in the urine.

The urea cycle is a major route for metabolism of

waste nitrogen in the body. The urea cycle normally is

very efficient in removal of waste nitrogen in the form of

ammonia and other nitrogenous products. Ammonia is a

15
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normal metabolic product of amino acid catabolism and is

converted to urea by a number of enzymes including enzymes:

carbamyl phosphate synthetase (CPS), ornithine

transcarbamylase (OTC), argininosuccinate synthetase (ASS),

argininosuccinate lyase (ASL), or arginase (ARG) in the

liver. Urea is then eliminated via urinary excretion which

removes 2 moles of waste nitrogen from ammonia per mole of

urea generated. The urea cycle pathway is depicted in the

following figure.

 
CPS = carbamyl phosphate synthetase

OTC = ornithine transcarbamylase

ASS = argininosuccinate synthetase
ASL = argininosuccinate lyase

ARG = arginase

Urea cycle disorders (UCDs) are inborn errors of metabolism

which result from decreased or absent activity of any of

the following enzymes: carbamyl phosphate synthetase (CPS),

ornithine transcarbamylase (OTC), argininosuccinate

synthetase (ASS), argininosuccinate lyase (ASL), or

arginase (ARG). In the patients with UCDs, the waste

nitrogen cannot be converted into urea and toxic levels of
ammonia were accumulated in the blood and brain. The

therapeutic or pharmacological action of PBA in urea cycle

disorders is to bind waste nitrogen in the form of PAGN or
PAG and to eliminate it in the urine.

16
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4.2 Secondary Pharmacology 
 

4.3 Safety Pharmacology 
 
Neurological effects:   The results of a modified Irwn's test indicated that a single oral 
(gavage) dose of GT4P had no effects on neurobehavioral measures or core body 
temperature at 1 g/kg in cynomolgus monkeys (n=4).  However, a higher oral dose of 4 
g/kg reduced locomotor activity, impaired balance and co-ordination, and produced 
abnormal posture in 3 of the 4 monkeys. 
 
Cardiovascular effects:   
 
4-Phenylbutyric acid (PBA) and phenylacetic acid (PAA) are two active metabolites of 
GT4P.  PBA at 894 µg/ml and PAA at 988 µg/ml inhibited hERG current by ~36% or 
54%, respectively, as compared to the vehicle control in the HEK 293 cell transfected 
with hERG channels.  PBA had no effects on the delayed rectifier (IKr) potassium 
current in the isolated rabbit cardiac myocytes at concentrations up to 1591.8 μg/ml.  
 
A single oral dose of GT4P at 1 g/kg or 4 g/kg had no effects on blood pressure and 
heart rate in conscious cynomolgus monkeys.  The results were presented in the 
following tables (taken from the sponsor). 
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Table 8.3-4: Heart Rate Changes in Cynomolgus Monkeys after Oral Dosing of
GT4? (0 - 24 hours after administration)

   

  
 

Menu Change in HR (relative to pre-dose) b/min
V—‘"'_“i

——mm: «mm

l8 — 24 h post-dosing -35

Observation Period

 
   

A single oral dose of GT4P significantly prolonged QTc interval by up to 25 ms at dose

of 4 glkg but not at 1 glkg in the conscious, unrestrained cynomolgus monkeys by

telemetry monitoring. The results were summarized in the following table.

Table 8.3-5: QTc Changes in Male and Female Cynomolgus Monkeys afler Oral
Administration of4 g/kg GT41’

Mean increase in QTc with 4 glkg Prololgation
6'“? relative to the vehicle value (“/o)

+25 ms 10.5%

+23 ms 9.l%

+22 ms 8.8%

+2| ms 8.4%
 

Slightly shortening of the PR interval (8-14 ms) was also observed at 4 glkg of GT4P in

this study. The results were summarized in the following figure (taken from the

sponsor).

Figure 3: PR Intervals in Cynomolgus Monkeys following a Single Oral Dose of
Vehicle or GT41’

Chances in :3qu men PR intervals lollowno Vehicle or GT4?

Best Available Copy

3-11 1248 15-2-3

'p<0.0$. "paw! flu period average (II)
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GT4P at 4 g/kg prolonged QRS interval by 6 ms at 2-4 hours after dosing as compared 
to the vehicle groups.  However, the effect of GT4P on the QRS interval was not 
observed at any other times. Hyppoactivity, hunched posture, unsteady gait, 
piloerection, vomiting and loose feces were also observed at 4 g/kg in this study.   
 
Single oral doses of HPN-100 at 100 or 300 mg/kg/day had no clear treatment effects 
on ECGs including PR, QTc, JTc intervals (JTc = QTc-QRS), and QRS duration in 
anesthetized rabbits.  HPN-100 did not induce any arrhythmia in this study.  However, 
HPN-100 potentiated the pressor effect of methoxamine.  For example, in the treatment 
groups with 100 or 300 mg/kg/day HPN-100, methoxamine increased the mean arterial 
pressure (MAP) by 72% and 104%, respectively, as compared to the baseline values.   
The systolic arterial pressure (SAP) and diastolic arterial pressure (DAP) were 
increased similarly.  However, the pressor effects of methoxamine were not seen in the 
control group.  Slightly decreased heart rates were observed following the pressor 
effects. The clinical significance of these effects is not clear. 
 
Pulmonary effects:    A single oral dose of GT4P at 1 or 4 g/kg did not affect respiratory 
function, blood pH, pO2, pCO2, oxygen saturation, bicarbonate, or actual base excess 
values in conscious adult cynomolgus monkeys. 
 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
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A comparative pharmacokinetic study in monkeys
(UCY—ooz)

Methods: To assess the relative systemic exposure and

excretion of GT4P and PBA, adult male monkeys (n=3) were

given a single oral dose of 0.6 g PBA mole equivalents/kg

(7.2 g/m2) as GT4P 80%, GT4P 95%, GT4P API, and PBA. There

was a washout period of at least 14 days between each dose.

Following each dose, blood samples were collected before

dosing and at 0.25, 0.5, l, 1.5, 2, 4, 8, 12, and 24 hours

after dosing. Urine samples were collected from 0—12 hours

and 12—24 hours after dosing. Concentrations of §$§P and
its degradants < , and

GT4P Phase I (PBA and PAA) and Phase II ((PAG, PAGN, PEG,

and PBGN) metabolites were measured in plasma and urine

using validated LC—MS/MS methods (see table below).

 

Table 8.4-]: 610’ and Degradatm. and Phase I and Phase II GNP Metabolites

Analyzed in Biological Fluids

  

 
 

GT4P Ind «(realm GT4P, 0)“)  

  
 Hm I Mmbolms 4-phenylbutyric acid (4-PBA). phenyllecu'c acid (PAA)

Phenylacetylglycim (FAG). phenylacetylglmminc (PAGN).-pheaylbutyrylglycine (PBG). Phenylbmyrylglmunim (PBGN)   

Results: GT4P (LOQ = 10 ng/mL) was quantifiable (13 ug/ml)

only in one plasma sample from a monkey at 1 h after dosing
the GT4P 80% formulation.
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The plasma concentrations of the GT4P degradants ”"F
. : and the ““%

were below the limits of quantification in all samples

analyzed.

The plasma concentrations of PAG (LOQ == 1 ug/ml) and PEG

(LOQ = 0.998 ug/ml) were also below the limits of

quantification at all time points.

Total exposure (AUC24) and maximum plasma concentrations

(Cmax) of PBA (LOQ = 1 ug/ml) and PAA (LOQ = 0.993 ug/ml)
were lower with either oral administration of the GT4P

formulation or the GT4P API than after oral administration

of PBA. However, AUC24 for PAGN (LOQ = 0.961 ug/ml) was

similar or greater after administration of GT4P (except for

the 95% formulation) as compared with PBA.

The results were summarized in Table 8.4-2 and this table

is attached below.

INMe&4J: PfimwummflmakbhmflsPBA,R&AandRAGNbewMgaSfithhd
Dose ofGT4P or P8 in Qnomolgus Monkeys

—Aucumh/mL)
mm-

27.5 (3.9) I 18 (29)

15.2 (4.5) 55.4 02.4)

10.5 (0.8) 727 (77.5)
l .04

8.94 (2.45) 70.2 (354)
3.78 (I.35 35.6 (I92)

(74) (54)

38-5 (85) (51)

10.6 (3.8) (70)
269

60
7.63

3.67

 
The major metabolite excreted into urine 0—12 hours after

oral dosing of PBA and GT4P (all formulations) was

phenylacetylglutamine (PAGN). The mean cumulative amount
of this metabolite in urine collected over 24 hours after

dosing were: >130,000 ug, >114,000 ug, >69,000 ug, and

54,500 ug from animals dosed with GT4P 80%, PBA, GT4P API,

and GT4P 95%, respectively.
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The metabolic pathway in rats is depicted in the following

figure.
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A pharmacokinetic study was conducted in three male cynomolgus monkeys following a 
single oral dose (600 mg PBA equivalents/kg) of 14C-HPN-100 (14C-GT4P) and an 
intravenous dose (150 mg/kg) of 14C-PBA (Study UCY0008).  The oral bioavailability of 
PBA following oral administration of HPN-100 was 51–80% in monkeys.  The results 
were presented in the sponsor’s tables below. 
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The radioactivity was widely distributed throughout the body with highest concentration 
in the large intestine followed by bile, plasma, kidney, liver, urinary bladder, and whole 
blood at 8 hours after a single oral dose of 14C-HPN-100 in male monkeys.  
 
The majority of the radioactivity was recovered in the urine and feces at 168 hours after 
dosing and the results were summarized in the sponsor’s table below. 
 

 
 
Protein Binding: 
 
Plasma protein binding of 14C-PBA and 14C-PAA was studied using in vitro ultra-filtration 
methods.  The protein binding of PBA was 57-88% in mice, 34-94% in rats, 96-98% in 
rabbits, 75-98% in monkeys, and 81-98% in humans.  The protein binding was 
decreased as PBA concentration increased in mice, rats, monkeys, and humans.  
Plasma protein binding of PAA was 6.6–15% in mice, 11-27% in rats, 27-76% in rabbits, 
18-46% in monkeys, and 37-66% in humans, and was also concentration dependent. 
 
 
Enzyme Induction/Inhibition: 
 
Both PBA and PAA produced moderate in vitro induction of the human hepatic P450 
enzymes CYP1A2 and CYP3A4/5 (up to ~31%, relative potency). 
 
PBA inhibited human hepatic P450 enzymes CYP2C9, CYP2D6, and CYP3A4/5 
activities by > 60% at 5 mM (0.82 mg/mL).  The inhibition constants (Ki) for PBA were 
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1.29 mM or 0.212 mg/mL for CYP2C9, and 1.48 mM or 0.243 mg/mL for CYP2D6. The

PBA IC50 for CYP3A4l5 was calculated and was 1.79—3.26 mM or 0294—0535 mg/mL.

PAA inhibited the human hepatic P450 enzymes CYP1A2, CYP2C8, and CYP2C9 (K; =

15.1 mM or 2.056 mg/mL). PAA also inhibited CYP2019, CYP2D6, and CYP3A4l5 by 2
37% at 20.7 mM.

5.2 Toxicokinetics

TK data were included in the reviews of the toxicity studies.

6 General Toxicology

6.1 Single-Dose Toxicity

Methods: Acute oral dose toxicity studies were conducted

with GT4P in rats ( ””510001) and monkeys . ””510003).
The dosing information was summarized in a table along with
the results in the result section. Animals were observed

for mortality and clinical signs of toxicity daily for 14

days. Body weights and food consumption were recorded.

Necropsy was performed and gross pathological examinations

were conducted. Plasma and urine samples were analyzed for

determination of PBA, PAA, PAGN, PBGN, GT4P, and “m

and W) of GT4P using LC-MS/MS methods.
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Results: The results are summarized in the following
table.

Study Dosage Mortality Clinical Signs of Tox1c1ty

___—
MWSlOOOl Oral gavage 1 2 g/kg: Clinical signs were noted at

Rats , 0.45, male 0.9 g/kg or higher and included

3/sex/group 0.65, 0.9, 1.5 g/kg: hypoactivity, prostration,
1.2, 1.5, 1 male and 1 rigid muscle tone, impaired
2.3, 4.5 in female equilibrium and muscle
corn oil 2.3 g/kg: coordination and/or signs of

males and respiratory distress (gasping
females and labored and shallow

.5 g/kg: respiration)
Males and

Females

“(4)510003 Oral gavage No deaths. Abnormal excreta (mucoid feces,
monkeys 0, 0.45, soft feces or diarrhea) after
1 male 1 0.65, 0.9, each dose.

female 1.2, 1.8,

Dose 2 4, 3.5, Emesis, hypoactivity and
escalating 4 5, and 6.5 sleeping at 6.5 g/kg GT4P.

in corn oil

A single incidence of tremors

in 1 female at 6.5 g/kg. 

GT4P and its mm were not detected in

the plasma from rats and monkeys.

Plasma levels of PBA, PAA, and PAG in rats were summarized

in the following table.

Table 8.5-4: Mean Peak (Cmax) and Tam! (A UC0-1') following a Single Oral Dose of
0.9, 1.2 or 2.3 g/kg GTIP

l

mums»(pg/mu (ush'ml) (us/"IL? (nun/mu _~

mm_—— '79“-1-9327 68875 15300 205600 305.0 3054

_____o-_ “m— no 224
12

~ 295.7 _429.945—1 6842.o 249
I387 17352.0 688.5 9666.9 1352 2298

 
 

E5r 

  
 

.
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Repeat-Dose Toxicity 
 
MOUSE 
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Study title: 14-day oral gavage dose ranging toxicity

study with GT4P in mice

Key study findings: In the 14-day dose ranging toxicity

study in mice, GT4P was given to mice (5/sex/group) by oral

gavage at 0, 0.65, 0.9, 1.2, and 2.0 g/kg/day for 14 days.

High dose was lethal (4 males and 4 females died). The

central nervous system was the target organ of toxicity

based on the clinical signs of toxicity including

hypoactivity, impaired equilibrium, ptosis, and shallow or

labored respiration. No effect dose was not identified.

The dose of 0.65 g/kg/day was tolerated.

Study no.: -510007
Volume #, and page #: 4.8 and 382
Conductin laborator and location:
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The animals in the 2.0 g/kg/day consumed less food during

the first week of the treatment (2.9—3.5 g/animal/day).

Gross pathology: There were no treatment related changes.

28-day oral dose ranging toxicity study in CByBSFl mice

Study No: mm‘

Conducting Laboratory and Location:mm

Date of study initiation: September 16, 2009

Report date: January 6, 2010

GLP compliance: This study was conducted in accordance with

Good Laboratory Practice Regulations of the United States

Food and Drug Administration (21 CFR Part 58).

QA-Report Yes (x) No ().

Animals: CByBGPl mice

Weight: male: 23.9 31.8 g, 8 weeks old

female: 18.3-22.4 9, 8 weeks old

Drug lot#: XA2IOB

Methods: GT4P was given to tnice (lO/sex/group) by oral

gavage at (3 (corn oil), 600, 900, and 1200 ng/kg/day in

males or 900, 1500, and 2000 ng/kg/day in females for 28

days. The test article is undiluted colorless oil (neat).

There were two S-day dose ranging studies in CByB6Fl mice

and the dose of 2000 ngjkg/day or higher was lethal for
both males and females.

 

Animals in the 28-day study were observed for mortality,

clinical signs of toxicity, body weights, food consumption,

hematology, clinical chemistry, organs weights, gross

pathology, and his:opathologyn The following tissues or

organs were examined microscopically in the control and

high-dose males and females, as well as mid-dose females.
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Organ Weights: There were no treatment—related changes.

Gross Pathologx: There were no treatment related changes.

Histopathologx: Minimal vacuolation of epithelial cells i:
glandular portion of the stomach was noted in 5 of the l

terminated high—dose females.

Toxicokinetics: The results indicated that phenylbutyriu

acid (PBA), phenylacetic acid (PAA), and N—phenylacetyl

glycine (PAG) were detected in plasma, suggesting that GT4:

was rapidly degraded to PBA. The plasma levels of PBA

PAA, and PAG were increased with the dose in females. Thu

data from males suggest that saturation of absorptio:

occurred at 900 mg/kg/day. The results were presented 0:

Text Tables 1, 2, 3, 4, 5, and 6 on pages 270, 271, am
272. These tables are attached below.

Text Table 1: Average Cu. and AUCL‘... for PBA in Male MICE on Study Day 2 7

 
Text Table 2; Average Cm, and AUG”. for PBA in Female Mice on Study Day 27

 
Best Available Copy

Text Table 1: Average Cmam and AUC1“ for FAA in Male Mice on Study Day 27

 
Text Table 4: Average Cm and AUCM for PM in Female Mice on Study Day 27

‘ (ml. ht”. leLv 1&5

_—-
—Z_

  

 

  

 

1923.07

2727.27
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Text Table 5: Average Ca... and AUG.“ for FAQ in Male Mme on Study Day 27

 
In summary, GT4P was given by oral gavage to CByB6Fl

mice at 0, 600, 900, and 1200 ng/kg/day in males or 900,

1500, and 2000 mg/kg/day in females for 28 days. Decreased

motor activity was observed in high dose males (1200

mg/kg/day) and high dose females (2000 mg/kg/day). In

addition, prostration and labored breathing were observed

in high dose females. Based on the results of the dose

ranging studies, which included two 5-day studies and the

28—day study, the dose of 2000 mg/kg/day was lethal in both

males and females. Therefore, the maximum tolerated dose

is estimated to be 1000 mg/kg/day, since it is half of the

lethal dose of 2000 mg/kg/day.
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13—week oral toxicity study in mice

“("510008)

 

Study No: “(9510009

Conducting Laboratory and Locaagon:

Date of study initiation: September 1, 2005

Report date: September 22, 2006

GLP compliance: This study was conducted in accordance with Good

Laboratory Practice Regulations of the United States Food and

Drug Administration (21 CFR Part 58).

QA-Report Yes (X) No ().

Animals: Crl:CD®(ICR) mice

weight: male: 27.5—35.4 g, 8 week old

female: 21.4—25.4 g, 8 weeks old

Drug lot#: 6561C

Observations and times:

- Clinical signs: Clinical signs of toxicity were observed

daily.

- Body weights: Body weights were determined weekly.

- Food consumption: Food consumption was determined weekly.

- Hematology: During week 13.

- Clinical chemistry: at termination.

- Ophthalmologic Examination: Before treatment and during
week 11.

- Functional observational battery: The functional

observation battery test was conducted before dosing and

during weeks 0, 3, and 12. Following parameters were
tested:
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Study title: 14-day oral gavage toxicity study with GT4P
in rats

Key study findings: GT4P was administered by oral gavage

for 14 days to rats (lo/sex/group) at 0, 0.65, 0.9 and 1.2

g/kg/day. There were no deaths. The central nervous

system was the target organ of toxicity based on the

clinical signs of toxicity. No effect dose was not

identified. The dose of 0.65 g/kg/day was tolerated.

Study no.: ”“’-510002
Volume #, and page #: 4.7 and 001

Conducting laboratory and location:

Date of study initiation: June 7, 2004

GLP compliance: Yes

QA report: yes (x ) no ( )

Drug, lot #, and % purity: MPR—UXW-M0003.00.01

Species/strain: Crl:CD(SD)IGS BR rat

Males: 7 weeks old, 213-268 g

Females: 7 week old, 156-203 g

Methods: To determine the toxic effects of GT4P, GT4P was

given by oral gavage to Crl:CDC3(SD)IGS BR rats

(10/sex/group) for 14 days at 0, 0.65, 0.9 and 1.2

g/kg/day. Following parameters were monitored: mortality,

clinical signs of toxicity, body weight, food consumption,

ophthalmic examinations, clinical pathology, and gross and

hisLopaLhology. For Loxicokinetic sLudy, raLs

(9/sex/group) were also treated with GT4P for 14 days.

Blood samples were collected on Days 1 and 14 prior to

dosing and at 1, 2, 4, 8, 12, and 24 hours postdose for
toxicokinetic evaluations. The results of toxicokinetics

were not provided in this report.

Results:

Mortality: There were no deaths.
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Following information was provide in the final report of this study submitted in 
Amendments #021 on December 3, 2007. 
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The plasma levels of GT4P were not quantifiable in most of the samples (<5 11g/ml). The main

plasma metabolites detected were 4-phenylbuty1'ic acid, phenylacetic acid,

phenylacetylglutamine, and N-phenylacetylglycine following oral administration of GT4P.

13—week oral toxicity study in rats

""“’510009)

Study No: (b)(4)_510009

Conducting Laboratory and Locabtéon:

Date of study initiation: July 26, 2005

Report date: April 24, 2006 (draft report date)
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Toxicokinetics: The results were presented in Table 7 in this

report. This table is attached below.

Table 'I: Pharmacokinetic Parameters: PBA

s‘udy Day a Dose ‘11:}:- I.” C1881 Aucm — AUCD/DObs max/elm11.; hr _. k- ' ‘ -_lmL hr' -mL hr'kF . . 663

F 0.9 . ‘ 0.

 
Table 7 (cont).: Pharmacokinetic Parameters: PAA

 

amahhhfiwbofiw

12 11616

meD Tlast Cl“! AUC 1... AUCQID obs Cmam'Clast

k1. u: m1- bl". hr'k'u mU '.
”232$ .

9.0 4631.6 47]
0.4 559
8.8 660
0.3 54$
0.3 848
0.3 ' 1107
10.1 395
38.2 495

4.9 . 1044

zzzmmwzzzmmm NQbAamtn—NNN—
 
 

The results indicated that phenylbutyric acid (PBA) ,

phenylacetic acid (PAA), and N—phenylacetyl—glycine (PAG) were
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6-Month Oral Toxicity Study in Rats

Study No: ””671001

Conducting Laboratory and Locatéap:

Date of study initiation: February 20, 2008

Report date: March 25, 2009

GLP compliance: This study was conducted in accordance with

Good Laboratory Practice Regulations of the United States

Food and Drug Administration (21 CFR Part 58).

QA-Report Yes (x) No ()

Animals: Cr1:CD(SD) rats

Weight: male: 233—319 g, 8 weeks old

female: 176—228 g, 8 weeks old

Drug lot#: XA171

Methods: GT4P was given. to rats (lS/sex/group) by' oral

gavage at 0 (corn oil), 650, 900, and 1200 mg/kg/day for 6
months. The test article is an. undiluted colorless oil

(neat). The dose selection was based on the results of the

90-day toxicity study in rats. Animals were observed for
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Text Table 3: Alterations in Serum Chemistry Values Considered Secondary Test Article
Effects at Stud Weeks 12 and 26

Males

0 0.65 0.90

 

  

 

  

Females

0.65 0.90
 

 
Dosage:
HPN- 100

 
 
 

 
 

 

 
 

1.20
    

Calcium (mg/dL)
Week 12 Mean 1 1.0 10.6“" 10.7* 10.5“ 11.2 10.9 11.(l 11.0

% Difference -3.6 -2.7 -4.5 -2.7 -1.8 -1 .8

Week 26 Mean 10.9 10.4“ 10.5M 10.3“ 11.5 10.9M 10.8” 10.8M

% Difference -4.6 -3.7 -5.5 -5.2 -6.1 -6.1

Potassium (mEq/dL)
Week 12 Mean 4.75 4.60 4.63 4.55 4.33 4.36 3.95* 3.95“

% Difference —3.2 -2.5 -4.2 0.7 -8.8 -8.8

Week 26 Mean 4.60 4.63 4.76 4.63 3.97 3.96 3.84 3.71

% Difference 0.7 3.5 0.7 -0.3 -3.3 -6.5

Sodium (mEq/L)
Week 12 Mean I44 145 144 144 144 144 143 143

% Difference 0.7 0.0 0.0 0.0 -().7 -0.7

Week 26 Mean I45 145 144 144 143 142**

  % Difference 0.0 07 -0.7 - l .4   

Significantly different from the control group at 0.05 using Dunnefl's test

Significantly different from the control group at 0.01 using Dunnell's lest
IlUlI

Urinalxsis: Lower pH was noted in the treatment groups
(5.9, 5.6, and 5.6 for low—, middle-, and high—dose males,

respectively) during week 12 as compared to the control

males (6.3). Higher total urine volume during week 12 was

noted in the treatment groups (13.7, 10.7, and 14.7 ml for

low-, middle-, and high-males, respectively) as compared to
the control males (5.7 m1) .

Organ Weights: Minor changes in some organ weights were
noted.

Gross Pathologx: There were no treatment—related changes.

Histopathologx: Positive staining for hemosiderin (brown
pigment) in Kupffer cells (high—dose group) and in the

spleen (all treatment groups) was observed. The incidence

and severity of these changes were summarized in the

following sponsor's table.
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Text Table 5. Incidence and Grade Of Non-Adverse Hepatocellular Cytoplasmic

Staining Alterations Associated with Test Article Administration.

Histologic Evaluation at the Scheduled Necropsy (Study Week 26)

 
Males Females

0.65 0.90 1.20 0.65 0.90 1.20

Livera 13 15 15 l4 14 15 15 15

Alteration, cytoplasmic O 11 12 I3 0 8 12 14
Minimal 0 9 5 3 0 8 l 1 9

Mild 0 2 7 - 10 0 0 1 5

a = Number of tissues examined from each group. Animals excluded were 2 rats
found dead (control group male no. 1203; and 1.2 g/kg/day group male no. 1 137)

and 2 rats euthanized in extremis (control group male no. I 125; and control group

female no. 1316).

Text Table 6. Incidence and Grade Ol' Hemosiderin (Brown Pigment) in the Spleen

Associated with Test Article Administration of glyceryl tri-(4-phenylbutyrate) by

Histologic Evaluation at the Scheduled Necropsy (Study Week 26)

Males

0.65 0.90

 

 

 

  

 

 

 

 

Females

0.65 0.90
Dosage:
HPN-100 ( lk

 
 
 

  

1.20 1.20

Spleen“ 13 15 15 14 14 15 15 15

Brown Pigment 1 3 9 I3 I 6 7 10
Minimal 1 2 4 4 1 5

Mild 1 1 4 0

Moderate O 1 0

a = Number of tissues examined from each group. Animals excluded were 2 rats

found dead (control group male no. 1203; and 1.2 g/kg/day group male no. 1 137)

and 2 rats euthanized in extremis (control group male no. 1125; and control group

female no. 1316).

Minimal to mild lymphoid depletion in the spleen (middle-

and high-dose groups) was also noted.

Toxicokinetics: GT4P is quickly hydrolyzed to glycerol and

phenylbutyric acid (PEA) following oral administration and

has not been detected in rat plasma. Therefore, the

sponsor did not measure the plasma level of GT4P in this

study. The results indicated that phenylbutyric acid

(PBA), phenylacetic acid (PAA), and N—phenylacetyl—glycine

(PAG) were detected in plasma. The results are summarized

in the following table (taken from the study report).
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Study no.: 7602—105

Volume #, and page #: 4.4 and 195

Conducting laboratory anfinlocation:

Date of study initiation: February 3, 2005

GLP compliance: Yes

QA report: yes (x ) no ( )

Drug, lot #, and % purity: UXW—MOOOl-SD—5-13—27

Species/strain: Cynomolgus monkeys (Macaca fascicularis)

Males: 2.5 — 5 years old, 2.8-4.3 kg

Females: 2.5 — 5 years old, 2.6-3.1 kg

Methods: There were two phases in this study (phase 1 and

phase 2). In phase 1 (dose ranging), male and female

cynomolgus monkeys (3/sex/group) were given GT4P neat at O,

1, 5, and 10 g/kg/day via nasogastric intubation. One mid

dose male and one high dose female were sacrificed after

the first dose due to clinical signs of toxicity including

hunched posture, hypoactivity, recumbancy, labored

respiration, vomitus containing food and red discharge,

discharge of bright yellow fluid from the anus, and cold to

the touch. On Day 2, the high and mid doses were decreased

to 5 g/kg/day and 2.5 g/kg/day, respectively. The two

remaining high dose females were sacrifice due to the

clinical signs of toxicity. The dosing was discontinued on

Day 3. This concluded Phase 1 of the study. Surviving

animals were reevaluated and assigned to Phase 2.

In Phase 2 (main study), to evaluate the toxicity of GT4P,

animals were administered GT4P at doses of 0, 1, 2.5, and

3.5 g/kg/day for 14 consecutive days. The doses of 1, 2.5,

and 3.5 g/kg/day were selected based on the results of

phase 1 in this study. The dosing in the mid and high dose

groups (2.5 and 3.5 g/kg/day) was terminated on day 9 due

to clinical signs of toxicity observed in these groups (see

below). The doses for the control and low dose group (1

g/kg/day) were continued for 14 days.

Following parameters were monitored: mortality, clinical

observations, body weight, electrocardiographic and

ophthalmic examinations, clinical pathology, and gross and

histopathology. Blood samples were collected on Days 1

(Phases 1 and 2) and 14 (Phase 2) prior to dosing and at

0.5, 1, 2, 4, 8, 12, and 24 hours postdose for
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Following information was provide in the final report of this study submitted in 
Amendments #005 and #006 on December 1, 2006 and March 9, 2007, respectively. 
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13—week oral toxicity study in monkeys
c‘”""510010)

Study No: “(4)510010

Conducting Laboratorv and Lo%fifiion:

Date of study initiation: August 25, 2005

Report date: April 24, 2006 (draft report date)

GLP compliance: This study was conducted in accordance with Good

Laboratory’ Practice Regulations of the United States Food and

Drug Administration (21 CFR Part 58).

QA-Report Yes () No (x). This is draft report.

Animals: Cynomolgus monkeys, 2—2.5 years old

weight: male: 1.9-2.2 kg

female: 1.8-2.1 kg

Drug lot#: 6561C

Observations and times:

- Clinical signs: Clinical signs of toxicity were observed

daily.
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Following information was provide in the final report of this study submitted in 
Amendments #005 and #006 on December 1, 2006 and March 9, 2007, respectively. 
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A 12-month oral toxicity study in Monkeys 
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Study title:  A 12-month oral toxicity study in Monkeys 
Study no.: 671002 

Study report location: N/A 
Conducting laboratory and location:

Date of study initiation: February 27, 2008 
GLP compliance: YES 

QA statement: YES 
Drug, lot #, and % purity: Glyceryl Tri (4-Phenylbutyrate), Lot no. 

XA171  / 98.8-101.2% 
 
Key Study Findings 
 
Methods 

Doses: 0.7, 1.1, and 1.5 g/kg/day (corn oil administered 
to control group) 

Frequency of dosing: daily 
Route of administration: Oral via nasogastric intubation 

Dose volume: 0.64, 1.0, and 1.36 mL/kg for low, middle, and high 
dose groups 

Formulation/Vehicle: Neat liquid 
Species/Strain: Cynomolgus monkeys 

Number/Sex/Group: 8/sex/group 
4/sex/group were necripsied at 26 weeks 

Age: 2-4 years old at initiation 
Weight: 1974 g to 3468 g for the males and 1912 g to 

2705 g for the females at initiation 
Satellite groups: None 

Unique study design: None 
Deviation from study protocol: There were no deviations that affected the 

outcome of this study. 
 
 
Hypoactivity, hunched posture, thinness, impaired equilibrium, increased respiration 
rate, pallor, and cool to touch were observed in the high dose group.  Bodyweight at 
study termination was decreased in males in all drug-treated groups, compared to the 
control value.  Reductions (~5-10%) in red blood cell count, hemoglobin, and hematocrit 
occurred in the middle and high dose groups. Liver weight (absolute and relative) was 
increased in all treatment groups at weeks 26 and 52, and this change was associated 
with hepatocellular hypertrophy.  At the 26-week and 52-week sacrifice, most of the 
drug-treated animals exhibited hepatocellular hypertrophy, with dose-dependent 
severity.   
 
Observations and Results 

79 

Reference ID: 3222607

(b) (4)

(b) (4)



NDA 203,284   Ke Zhang 
 

Mortality:  All animal survived to termination. 

Clinical Signs: 
Hypoactivity, hunched posture, thinness and body pale and/or cool to touch, impaired 
equilibrium, and increased respiration rate were observed in several animals in the high 
dose group. 
 
Body Weights:   The initial body weights were 2591, 2657, 2551, and 2542 g in males 
and 2220, 2223, 2181, and 2201 g in females in the control, low, middle, and high dose 
groups, respectively.  .  The mean body weight of the control males and females at 
study termination was 3861 g and 2885 g, respectively.   
 
At termination, the mean body weights were ~14%, 8% and 22% lower than the control 
group values for the low, mid, and high dose groups in males, respectively, and 10% 
lower than the control group values for the high dose females. 
 
Feed Consumption:  Not determined. 
 
Ophthalmoscopy:   There were no treatment related changes. 
 
ECG:  There were no treatment related changes. 
 
Hematology:   
Decreased  red blood cell counts, hemoglobin, and hematocrit and increased 
reticulocyte counts were noted mainly in the middle and high dose groups at study 
weeks 12 and 25. The results were summarized in the sponsor’s table below. 
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Text Table 2: Test Article-Related Alterations in Red Blood Cell Hematologic Parameters

Dosage Males Females

HPN-100_: _/da\‘ 0 0.70 1.1 1.5 0 0.70 1.1 1.5

Red Blood Cells (mil/nL)
Week -2 Mean 5.37 5.58 5.66 5.49 5.38 5.69 5.29 5.45

% Difference 3.9 5.4 2.2 5.8 -1.7 1.3

Week 12 Mean 5.69 5.81 5.56 5.13M 5.77 5.73 5.28 5.33
% Difference 2.1 —2.3 -9.8 -0.7 —8.5 -7.6

Week 25 Mean 5.47 5.60 5.36 5.05* 5.60 5.61 5.20 5.36

9.4) Difference 2.4 -2.0 -7.7 0.2 -7.1 -4.3

Week 51 Mean 5.43 5.55 5.57 5.23 5.37 5.79 5.22 4.87

% Difference 2.2 2.6 -3.7 7.8 —2.8 —9.3

Hemoglobin (g/dL)
Week -2 Mean 13.0 13.2 13.4 13.3 12.9 13.3 12.7 13.2

% Difference 1.5 3.1 2.3 3.1 -1.6 2.3

Week 12 Mean 13.6 13.6 13.2 12.6* 13.6 13.3 12.6 12.9

% Difference 0.0 -2.9 -7.4 -2.2 -7.4 -5.1

Week 25 Mean 13.5 13.6 13.1 12.6* 13.4 13.3 12.8 13.2
% Difference 0.7 —3.0 -6.7 —0.7 -4.5 -1.5

Week 51 Mean 13.7 13.2 14.1 13.6 13.4 14.1 12.9 12.5
‘33 Difference -3.6 2.9 -O.7 5.2 -3.7 -6.7

Hematocrit (%)
Week -2 Mean 40.7 41.3 42.5 42.1 40.0 41.6 40.1 41.8

96 Difference 1.5 4.4 3.4 4.0 0.3 4.5

Week 12 Mean 41.8 41.3 40.7 38.6 42.0 41.2 38.8 39.7

% Difference -l .2 -2.6 -7.7 -1.9 -7.6 -5.5

Week 25 Mean 41.5 41.3 40.5 39.3 41.9 41.8 39.8 41.5

93 Difference -0.5 -2.4 -5.3 -0.2 -5.0 -1.0

Week 51 Mean 42.1 40.3 43.1 42.9 41.1 44.5 39.8 38.5

% Difference -4.3 2.4 1.9 8.3 -3.2 -6.3

Reticuloeyte (thous/uL)
Week 3 Mean 58.7 57.5 63.6 62.9 71.7 59.1 62.1 65.1

% Difference —2.0 8.3 7.2 -17.6 —13.4 -9.2

Week 12 Mean 50.0 45.8 45.9 77.8 62.1 63.9 43.3 53.5

‘33 Difference -8.4 -8.2 55.6 2.9 -30.3 -13.8

Week 25 Mean 45.7 48.0 61.9 68.4“" 55.1 65.7 54.6 68.3

% Difference 5.0 35.4 49.7 19.2 -0.9 24.0

Week 51 Mean 44.1 50.5 67.2" 66.2‘ 62.1 82.7 44.9 70.0

% Difference 14.5 52.4 50.1 33.2 -27.7 12.7

“ = Significantly different from the control group at 0.05 using Dum1en’s test

“ = Significantly different from the control group at 0.01 using Dunnett’s test

Clinical Chemistry: Marginal alterations were observed, but these were not treatment
related.
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Urinalysis:   Slightly lowered pH and higher ketone level were noted in all treatment 
groups as compared to the control group. 

Gross Pathology:   There were no treatment related changes. 

Organ Weights:   Increased liver and kidney weights were noted in the treatment 
groups. The results were summarized in the sponsor’s table below. 
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Text Table 3: Body and Organ Weight Changes Associated with Test Article Administration

Dosage Males Females
HPN-100 fk /dav 0 0.7 1.1 1.5 0 0 7 1.1 l 5

Final Body
Weight (Kg)
Week 26 3576 3292 2919 2708 2708 2655 2523 2438

% Difference —7.9 -18.4 -24.3 —2 0 -6.8 -10.0

Week 5 2 3861 3328 3535 3019 2885 2813 2586 2586
% Difference -l 3.8 -8.4 -21.8 -2 5 -10.4 -10.4

Liver “'eight (g)
Week 26

Absolute weight 62.8 76.0 73.8 79.6 53.6 63.6 64.1 77.2“
% Difference 21.0 17.4 26.6 18.8 19.6 44.2

Relative to Body 1.76 2.32M 2.54 ** 2.96“ 1.99 2.39 2.54 3.21”M
% Difference 31.9 44.6 68.8 20.2 27.7 61.3

Relative to Brain 86.89 113.42 107.63 128.5“ 83.09 105.68 109.61 139.8"

% Difference 30.5 23.9 47.9 27.2 31.9 68.3

Week 52

Absolute weight 67.95 70.82 91.96 90.39 54.65 65.25 71.31 73.64
‘16 Difference 4.2 35.3 33.0 19.4 30.5 34.7

Relative to Body 174 2.13 2.60M 2.98” 1.886 2.324* 2.750M 2.866"
°/o Difference 22.0 49.3 71.2 23.2 45.8 52.0

Relative to Brain 95.5 5 101.87 143.93“ 146.06” 85.64 102.45 120.56“ 130.67"
% Difference 6.6 50.6 52.9 19.6 40.8 52.6

Kidney “"eight (g)
Week 26

Absolute weight 13.67 16.05 13.84 14.79 11.20 11.91 12.77 12.07
91o Difference 17.4 1.2 8.2 6.3 14.0 7.3

Relative to Body 0.384 0.492* 0.476 0.551" 0.422 0.449 0.506 0.503
91: Difference 28.1 24.0 43 .5 6.4 19.9 19.2

Relative to Brain 18.95 24.02 20.22 23.86 17.32 19.79 21.86“ 21.86‘

91. Difference 26.7 6.7 25.9 14.3 26.2 26.2

Week 52

Absolute weight 15.60 15.04 17.48 16.61 11.15 12.32 13.43 14.15
To Difference -3.6 12.1 6.5 10.5 20.4 26.9

Relative to Body 0.403 0.455 0.498 0.552‘ 0.388 0.441 0.516 0.557
°«'o Difference 12.9 23.6 3 7.0 13.7 33.0 43.5

Relative to Brain 21.88 21.63 27.48 26.99 17.53 19.41 22.63 25.04’

% Difference -1.1 25.6 23.3 10.7 29.1 42.8

 
‘ = Significantly different from the control group at 0.05 using Dunnett's test
" = Significantly different from the control group at 0.01 using Dunnett's test

Histopathology: The tissues listed in the table below from the study report were
examined in all animals.
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Liver hypertrophy was noted in all treatment groups.  The hypertrophy was 
characterized by enlarged hepatocytes with stippled to granular eosinophilic cytoplasm 
that compressed and constricted sinusoidal spaces without evidence of passive 
congestion or ischemia.  The incidence and severity of the liver hypertrophy are 
summarized in the following sponsor’s table. 
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Toxicokinetics:  Plasma levels of the metabolites PBA, PAA, and PAGN were 
measured.  The results are shown in the tables below (taken from the study report). 
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7 Genetic Toxicology

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Ames test

Study report No: 7602-100

Testing Laboratory: mmmm

Date of study initiation: December 3, 2004

Date of study report: November 29, 2005

GLP Compliance: This study‘ was conducted in accordance

with Good Laboratory Practice Regulations of the FDA and
OECD.

QA—report: Yes (x) No ()

Drug lot No.: MPR—UXW—M0003.00 01
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Table 3 : Mungenieity Assay Results - Summary

Test Mick- ID: G‘I'AI’

Assay No.: 26443-04090” Tn'nl No.2 Bl

Dale Hated: 05-Jan-05 Vehicle: DMSO

Dame Counted: lo-Jan-OS Plamg Aliquot: 50 “L
 

 

 

Mean Rm Per flue will.WDeviatio- Bad:-

pond
Down": Tm moo TAISJS TAISS? WPZuwA kw'

Mal 8.0 Mon SD. M:- SD. Mean SD. Mean SD.
“mount an Liver

Velufle Como! I! 2 I29 22 II 2 9 2 I7 6 N

Tell Anicle I00 u; 28 6 III I6 I 2 6 I II 6 N
33,) p; 21 S In a ll 6 4 2 I6 2 N

I00 II; II 2 II3 6 I2 6 6 2 IS 4 N

m u: l9 0 m 2 I2 4 6 3 l3 4 NINP ‘
I000 u; 23 6 IJS II II 3 5 3 9 I NINP' '
5000 I. IS 6 |S6 9 I4 5 l 2 l7 4 NI”

roam Comm? 429 5: mo I37 I50 24 25: 71 546 56 N

Mme: None

Vehicle Cal-0| I4 6 II! 3 IS I l I I7 2 N

Ten Nude I00 a. II I 01 II I7 2 3 2 I9 7 N
”J u. ll 3 "IS I! 9 I 5 2 I5 I "P

I00 u. l2 5 IOS I3 I2 3 S I I4 2 N!“
333 u. l2 5 I00 0 I I 3 4 3 I5 6 NF

IMO u; II 2 I20 9 I2 5 2 2 I0 2 NF
SWO u; 9 3 HS l3 I3 I 4 I I9 2 NP

Mm Control' 397 3| I236 99 943 33 576 88 200 4| N

' MM lava Evaluate» Codes:
N=nonnal l=oedued 0-06.:qu A-M POW

’TAOI MOW 2.5 mm. ‘ rm 2am magma.
moo mm 2.5W 'I‘Moo nan-lead: 2.0mm
TAISJS 2mm 2.5 W ‘I‘AIS35 lulu-lint 10%
TM”? 2mm 25w 'mm mm» 2.0mm
WA 2W 25.09.!“ 90th Wine-NM LOW

‘Ibe bunny Blue ”evaluation hWTMJAIflZ-CWA.
Macadam-yumhwmhmktm‘l‘AIW-I‘TAIS”.

‘mfimmkhmmmmthm.
Thence-deny n he MWMWMTAIOOJAISJSJAISJZand mum

'newmmpumaummmmm
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Table 5 : Mlugelicity Assay Results - Summary

Test Anicle ID: GT4?

Assay No.2 26443-040906CD

Dale Plated: 20-Jan-05

Date Counted: 26-Jan-05. 27-Jan-05

Trial No.: CI

Vehicle: DMSO

Plating Aliquot so pt.
 

 

 

Mun Item Pa Flue will SIM Deviance But-

pound
W TA” TAI00 TAISJS TAISI'I WA w‘

Mean SD. Mean SD. Mean SD. Mean SD. Mean SD.
Miauancs: In! Live

Vducle Control 2| 5 III I4 IS 2 lo I II 6 N

Tell Nude I00 pg l7 7 III II I8 2 9 I I] 2 N
313 ll: 20 8 I20 26 I3 3 II 6 I7 2 N

I00 pg I9 I0 I20 I9 II 3 II 2 I2 2 N
)1) pg I9 1 l2! II II) 5 I. I ll 4 N!”

I000 [4; l8 6 ISO 8 l2 6 7 I I3 ‘ NI”
5000 u; I9 4 I06 8 I6 2 fl 3 II 2 NI"

PositiveComol' 395 22 97] 20 I16 43 I50 52 558 IN N

Mmmu: Non:

le'cle Conuol 20 4 74 I0 II 3 4 2 I6 2 N

Tell Mid: I00 u; I? I 70 9 II I 1 2 I6 4 N
3).) n u I 79 I I2 5 a I n 3 N

too In; l9 6 SJ 1 II I 9 I I) 4 NI”

3!) It: I8 I 13 IO Id 0 I 2 I7 2 NI"
I000 u; I0 5 84 9 16 4 8 3 I7 4 NP'
5000 u; 7 J 8) I? II I 5 3 I3 I NI”

Beehive cm‘ 133 25 I445 I95 I016 90 883 37 ‘31 53 N

' Bum-d lawn Ewbm Coda:
N-nonlll a-m (PM A-auat lump“

'1»: mam 2.5W ‘ Tm 24m II) was:
nloo 2mm: 2.5W TAIW sodium aide 2.0 WI.
TMSSS 24mm 2.3 Wm TAIS3$ sodium tide 2.0 IIWIIK
TM”? 2% ZS Ins/plan TM 537 [CR-[9| 2 0 “WI:
WPZnM 2% 25.0 Wan WA JWIe-N‘ox’adc Lo um.

‘ ‘lhc lat Intel: pacific» did not inlaftn withm

Conc lusi on: The result 3 suggest that: GT4P Via a not

mutagenic in tnis test system.
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In Vitro Assays in Mammalian Cells

Study title: In Vitro chromosomal aberration test in Human

peripheral blood lymphocytes

Study No: 7602—101

Testing Laboratory: mm

Date of study initiation: December 14, 2004

Date of study report: July 25, 2005
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mu 0: CM”Auntie-s In III-II HWY.” -
With Mental: Amati-n - 3—Hoer Trunk-I. ~22-Ilut Harvest

Amy No.. 26443-0449OECD Trill No.2 BI Date: IZIISIM Lab Na: CY I 2l404 Test Article: GT4?
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Table 6: WAbandon In III-u ”when“ -
Without Mambo“: Mdnflon - 42-Hour Tun-Ian. 42-Hour Hewett

Amy No.: 26443-04490ECD Trial No.. Cl Dale: OIIZOIOS lab No.: CY0! I705 Test Aniclc: GT4?
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Table 8: Chromosomal Aberration: in Human Lymphocytes -
Whit Metabolic Activation - J—flour Treatment. 42-Hour Haves:

Assay No.. 26443-0—449OECD Trial No.. C I Date: 0 “20/05 Lab No.. CY0] I705 Test Article: GT4?

  
IlCeIIs

I C“ 95 Mun: Sound Mp-
Saoud In Mu to: I of" I o! at am
Mun-cu Rattan-1' ;- an a Celt bl. '

Nam n4 Pan-n” oi Cells
shy-m Sunnl Chum-Ion: Abcrmiws  
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B we IN 0 0 } l ) 3 '
m. ,0. ,. , 2 . , 5 Best AvaIlable

Ann 5t — l. u I, u 0,! LS 1.! copyVehicle. DMSO mo IUIIIL A I00 I“) o 0 I o I
I I00 III) 0 0 I 0 I

Yonl III. II I 0 3
AW '6 I 0.. 0‘ I. u L.

Mid". CP ”Ono". A I” I” 0 IO N I 25 II
9 I00 III I 2 to I 1| 2:

foul ”I ”I I2 44 2 46 57
Man: II — 0.5 u ' 6.. 2L. 1.. 2).. n5 9

Tu! MICIC )W I“. A I00 I” 0 0 I I I 2l IOO I.) 0 0 I I I 1
Tel-II no I” Z 2 1 ‘

Aw 90 - M 0.0 I) M I) 2.0
350 will A III) I!) o o I I I

B I“ I!) 0 0 I I I 2
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415 “W'- A Im II) I I 0 0
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‘sag-Iaauly menu in “mom-axMum-Im In yam: control, pS am.
‘1- lot Sedan;wwwmc +3- I u %ofc¢lls «Iridium-bum“ to: Shots-Ii wilt w:
‘Sipihfly [new in 1 lull: vfiwl: conml, 9 $0M "Ml mo I 6*: Ind-n DMSO = dMyIsthxIde C? - Qch'hosphmide

Conclusion: The results indicated in: GT4? was not

clastogenic in this test system.
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In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

Study title: In vivo rat micronucleus test

Study report No: 7602—102

Testing Laboratory:
mm.

Date of study initiation: January 4, 2005

Date of study report: December 2, 2005

GLP Compliance: The study report was conducted in

accordance with GLP Regulations of the UK and OECD.

QA-report: Yes (X) No ()

Drug Batch No.: MPR-UXW—M0003000.01

Study Endpoint: Frequency of cells with micronucleated

reticulocytes.

Methods: To examine the potential mutagenic effects of

GT4P, micronucleus test was conducted using rat bone marrow

cells. A single dose of GT4P was given to rats by oral

gavage at 500, 1000, and 2000 mg/kg. In the current study,
bone marrow was collected at termination. Vehicle and

positive controls (cyclophosphamide) were also tested. The

frequency of micronucleated reticulocyte was determined.
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Table 5: Micron-dens Assay - Summary Table

Assay No.: 26443-0—454OECD

Test Article: GT4P: glyceryl tri(4-phcnyl butyratc)
Initiation of Dosin : 2] Dec 2004

'/o Micronuclated PCEs

Mean of 2000 per
Harvest Anilml :l: 8.5.

Mules
Controls

Vehicle Com Oil l0 mng 24 it 0.07 t 0.02
48 II 0.02 : 0.0l

Ponitive croom; 24r- uuojl °

Tut Article 500 m; 24 it 0.03 , 0.01

now rug/kg 14 hr 0.03 s 0.01

2000 mg 24 II 0.03 , 0.03

48 l! 0.06 t 0.02

 
‘ Sigufimtlymmmhomwmvdfidemuupsom.
" Simificantly lea: tlm the computing vdiiclc control. p S 0.05.
CP - Cyclophowtunidc
PCE = Polychrocnuic erytlwocyte
NCE - Norrnodvomic erythrocyte

In conclusion, GT4P was not mutagenic under this
condition.

7.4 Genetic Toxicity Studies with metabolites

1. Studies with 4-phenylbutyric Acid (PBA)

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Bacterial Reverse Mutation Assay

Study no.2

Study report location: N/A

Conducting laboratory and location:

(It) (4)

lb) (4)

Date of study initiation: 28 June 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: 4-Phenylbutyric Acid,
06315BHV and 99.7%

Key Study Findings
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Ratio PCBzNCE
Mean 1: SE.

Males

0.93 t 0.03

0.7l e 0.03

0.66 1 0.02 "

0.87 t 0.06

0.87 a: 0.06

0.94 a: 0.03

0.13 a: 0.02
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Methods 
Strains: TA98, TA100, TA1535 and TA1537 and  

Escherichia coli WP2 uvrA 
 Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000  

μg per plate 
Basis of concentration selection: the maximum dose of 5000 μg per plate 

was tested. 
Negative control: Dimethyl sulfoxide (DMSO) 
Positive control: See table below 

Formulation/Vehicle:  DMSO 
Incubation & sampling time: Incubated for 48-72 hours using the plate  

incorporation method 
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Concentration

(llg/plate)

TA98 TA1S 35 2-anmloantlnacene

a—udTAl 53 7 Lot No. O3403ED

_A-100 Exp. Date 22-Jan-2012wp—IIt‘rA CAS No. 613-13-8Plu‘i 99.8%

2-nin‘oflnorene

Lot No. 843858

Exp. Date 31-Jan-2014
CAS No. 60157-8

Pluity 97.9%
sodium azide

m4)

Lot No. A23U048

Exp. Date 04-Dec-2012
CAS No. 26628-22-8

Pun'ty 100.0%
9-a111inoac1‘idine

TA100.TA1535

Lot No. 106F06682

Exp. Date 28-Oct-201 1
CAS No. 90-45-9

Pun'ry >97%

methyl methanesulfonate

TA1537

Lot No. 76296KJ

Exp. Date 09-Jun-2012
CAS No. 66-27-3

 
Puri 99.8%

Study Validity

The positive controls significantly increased the colonies compared to the solvent
controls.

Results

The results suggest that test article 4—phenylbutyric Acid was not mutagenic in this test

system. The results were summarized in the sponsor’s tables below.
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Table 4

Conflrmatory Mutagenicity Assay without S9 activation

Study Number: "‘0 Study Code: ”(4’
Experiment: B3 Date Plated: 7/15/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/2 5/2011 to 7/28/2011

Mean Ratio Individual revertant

Strain Article D25: 112:1 revettants 3:22:10: treated / colony counts and
p p Her glate solvent background codes

TA98 :2:°“Flbut§m 5000 pg 19 2 1.2 18". 18". 22"
1500 pg 16 5 1.0 10". 20". 17"
500 pg 22 10 1.4 32". 22". 13"
150 pg 22 6 1.4 17". 22". 28"
50 pg 24 6 1.5 26". 28". 17"

mrso 50 pL 16 7 13". 10". 24"

TA100 :::°“Flb“t-‘m 5000 pg 102 5 1.0 106". 96". 103"
1500 pg 84 9 0.8 93". 84". 75"
500 pg 83 9 0.8 93". 82". 75"
150 pg 86 4 0.9 82". 87". 89"
50 pg 92 7 0.9 97". 84". 96"

DMSO 50 pL 100 24 82". 91". 128"

TA1535 :zgenylbut-“R 5000 pg 11 2 2.2 10“. 13“. 9M
1500 pg 10 3 2.0 8”. 14-“. 8-“
500 pg 10 1 2.0 9“. 11“. 9-“
150 pg 10 4 2.0 15“. 9“. 7“
50 pg 8 1 1.6 7“. 8M. 8M

DMSO so pt. 5 3 5”. 8M. 3M

TA1537 risen-“bum“ 5000 pg 13 2 1.3 12“. 15“. 12“
1500 pg 13 5 1.3 9“. 19“. 12M
500 pg 14 4 1.4 19“. 11“. 12“
150 pg 12 1 1.2 13“. 12“. 11“
50 pg 14 3 1.4 13-“. 11“. 17-“

DMSO 50 pL 10 1 to“. 11“. 9“

Key to Automatic & Manual Count Flags

M: Manual count A: Automatic count
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Table 4 cont.

Confinnatory Mutagenicity Assay without S9 activation

 

Study Number: ““9 Study Code: M“)
Experiment: B3 Date Plated: 7/15/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/25/2011 to 7/28/2011

Mean Ratio Individual revertant

Strain Article Dose 1:: e1 revertants Standard treated / colony counts and
per p a e Ber plate e" 1a 1011 solvent background codes

WP2uvrA 1:?”“mm“ 5000 pg 22 4 1.1 22". 18". 26"
1500 pg 37 12 1.9 51". 31". 29"
500 pg 36 2 1.8 36". 37". 34"
150 pg 34 3 1. 7 27". 32". 42"
50 pg 31 2 1.6 29". 32". 32"

DMSO 50 pL 2o 4 24". 18". 17"

TADS ZNF 1.0 pg 181 8 11.5 187". 172". 184"
TAIOO SA 1.0 pg 515 29 5.2 518". 543". 485"
TA1535 SA 1.0 pg 531 30 106.2 496". 545". 551"
TA1537 9AAD 75 pg 1237 127 123. 7 1353". 1256". 1102"

WPZuvrA MMS 1000 pg 342 32 1 7.1 337". 312". 376"

Key to Positive Controls
ZNF Z-nitrofluorene

SA sodium azide

9AAD 9-A1ninoacn'dine

MMS methyl methanesulfonate

Key to Automatic & Manual Count Flags

M: Manual count "2 Automatic count
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Table 5

Confirmatory Mutagenicity Assay with S9 activation

Study Number: M” Study Code: ”‘9
Experiment: B3 Date Plated: 7/15/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/25/2011 to 7/28/2011

_ Mean Ratio Individual revenant

Strain Article Dc;:e 11:1? revertants 3:223:11] treated / colony counts and
p 13 per plate solvent background codes

TA98 :zgen-V'bm'r“ 5000 pg 21 4 0.8 24". 22". 17"
1500 pg 28 7 1.1 36". 22". 27"
500 pg 32 4 1.2 28". 32". 36"
150 pg 28 4 1.1 31". 29". 23"
50 pg 22 8 0.8 19". 15". 31"

DMSO 50 pL 26 6 28". 31". 19"

TA100 iggenylbut-‘m 5000 pg 105 12 0.9 112". 91". 113"
1500 pg 114 16 1.0 102". 133". 108"
500 pg 110 18 1.0 126". 113". 91"
150 pg 120 3 1.1 117". 120". 122"
50 pg 97 16 0.9 115". 83". 94"

DMSO 50 pL 112 8 108". 106". 121"

TA1535 4'P.M"-"b“m" 5000 pg 7 3 0.8 10". 6". 5"And ‘

1500 pg 15 4 1.7 19". 15". 11"
500 pg 8 3 0.9 9". 11". 5"
150 pg 11 6 1.2 15".14".4"
50 pg 15 3 1.7 14". 13". 18"

DMSO 50 pL 9 2 8". 11". 8"

TA1537 Xflgmylbum‘c 5000 pg 11 3 0.9 13". 11". s"
1500 pg 10 4 0.8 5". 13". 11"
500 pg 15 3 1.3 19". 13". 13"
150 pg 16 4 1.3 19". 11". 18"
50 pg 14 4 1.2 13".18". 10"

DMSO 50 pt. 12 2 11". 10". 14"

Key to Automatic & Manual Count Flags

M: Manual count A: Automatic count

1 06
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C‘onfinnatory Mutagenicity Assay with S9 activation
0)“)

Date Plated: 7/15/2011
Study Number: DNA)
Experiment: 33

Exposure Method: Plate incorporation assay

Table 5 cont.

Study Code:

Ke Zhang

Evaluation Pen’od: 7/25/2011 to 7/28/2011
 

 

Mean Ratio Individual revertant
. . . Dose level Standard

Stram Article per plate revertants Deviation treated / colony counts and
per plate solvent background codes

WPZm'rA iggm’mum" 5000 tlg 21 1 0.6 22“.:0322‘
1500 pg 30 11 0.8 42“. 20A. 28A
500 pg 36 6 1.0 29“. 38A. 40A
150 pg 32 5 0.9 37*. 31". 28A
50 pg :7 3 0. 7 29“. 233. :8A

DMSO 50 111. 37 3 40". 43". 28A

TA98 2AA 1.0 11g 235 45 9.0 278A.23SA.189A
TA100 2AA 2.0115; 717 43 6.4 72830513671A

'I‘A1535 2AA 1.011g 59 s 6.6 66A.Sl"‘.6l"\
TA1537 2AA 1.011g 39 s 3.3 46A.31"“.40A

\VPZm'rA 2AA lSllg 197 16 5.3 212“.181“. 199A 

Key to Positive Controls
2AA

Key to Automatic & Manual Count Flags

Z-aminoanthracene

M: Manual count

In Vitro Assays in Mammalian Cells

Study title: In Vitro Mammalian Chromosome Aberration Test

Study no.2

Study report location:

Conducting laboratory and location:

Date of study initiation:

GLP compliance:
QA statement:

Drug, lot #, and % purity:

Key Study Findings

Methods

A: Automatic count

lb) (4)

N/A
am)

June 16, 201 1
Yes

Yes

4-phenylbutyric Acid,
06315BHV and 99.7%

Cell line: Chinese hamster ovary (CHO) cells

Reference ID: 3222607
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 Concentrations in definitive study: See table below 
Basis of concentration selection: cell growth inhibition 

Negative control:  DMSO 
Positive control: Mitomycin C 0.1-0.2 ug/ml and 

Cyclophosphamide 10-15 ug/ml 
Formulation/Vehicle: DMSO 

Incubation & sampling time: The cells were treated for 4 or 20 hours  
All cells were harvested 20 hours after 
treatment 

 
 

 
Study Validity 
The positive and solvent controls fulfilled the requirements for a valid test. 
 
Results 
 
The results were summarized in the following sponsor’s table. 
 

108 

Reference ID: 3222607



NDA 203,284   Ke Zhang 
 

 
 
 
 
 
 
 
The results indicated that PBA significantly increased the proportion of cells with 
structural aberrations in the presence of S-9 after 4 hours treatment.  In the absence of 
S-9, PBA did not significantly increase the proportion of cells with aberrations.   
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Repeated In Vitro Assays in Mammalian Cells

Study title: In Vitro Mammalian Chromosome Aberration Test

Study no.:

Study report location:

Conducting laboratory and location:

Date of study initiation:

GLP compliance:
QA statement:

Drug, lot #, and % purity:

Key Study Findings

Methods

Cell line:

Concentrations in definitive study:

Basis of concentration selection:

Negative control:
Positive control:

FormulationNehicle:

Incubation & sampling time:

Study Validity

(m4)

MA
(I!) (4)

September 14, 2011
Yes

Yes

4-phenylbutyric Acid,
06315BHV and 99.7%

Human peripheral lymphocytes

210, 419, 840, 1080, 1320 and 1640 pg/mL

in 4-hour treatment groups with and without

S—9, and 85, 165, 327, 419, 512, 650, 840,

1080, 1320 and 1640 pg/mL in 20-hour

treatment group

cell growth inhibition
DMSO

Mitomycin C 0.1-0.2 uglml and

Cyclophosphamide 10-15 uglml
DMSO

The cells were treated for 4 or 20 hours

All cells were harvested 20 hours after

treatment

The positive and solvent controls met the requirements for a valid test.

Results

The results were summarized in the following sponsor’s table.

Reference ID: 3222607
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The results indicated that PBA did not significantly increase the proportion of cells with 
aberrations in the presence or absence of S-9.   
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2. Studies with Phenylacetic Acid (PAA)

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Bacterial Reverse Mutation Assay

Study no.:

Study report location: N/A

Conducting laboratory and location:

(I!) (4)

(I!) (4)

Date of study initiation: July 6, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Phenylacetic Acid
STBBOQGZV and 99.6%

Key Study Findings

Methods

Strains: TA98, TA100, TA1535 and TA1537 and

Escherichia coli WP2 uvrA

Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000

pg per plate

Basis of concentration selection: the maximum dose of 5000 pg per plate
was tested.

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: See table below

FonnulationNehicle: DMSO

Incubation & sampling time: lncubated for 48-72 hours using the plate

incorporation method

1 12
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St P t C t l Conce11t1ation
rain Actn3non osi ive 011 10 (pgplate)

TA98 TAI 53S 2-aminoantlnacene

a—ndTAl 53 7 Lot No. 03403ED

_A100 Exp Date 22-Jan-2012
W132 m'rA CAS 3.10. 613-13-8

Purl 99.8%

2-nitrofluore11e

Lot No. 543858

Exp. Date 31-Jan-2014
CAS No. 607-57-8

P1111 97.9%

sodium azide
(b) 14)

Lot No. A23UO48

Exp. Date 04-Dec-2012
CAS No. 26628-22-8

Purity 100.0%
9-aminoacridine

TAlOO. TA1535

Lot No. 106F06682

Exp. Date 28-Oct-2011
CAS No. 90-45-9

Puri >97%

methyl 111ethanesulfonate m4)

TA1537

Lot No. 76296KJ

 
7 ..

WP" "‘ ’ A Exp. Date 09-Jun-2012
CAS No. 66-27-3

Pm-i 99.8%

Study Validity

The positive controls significantly increased the colonies compared to the solvent
controls.

Results

The results indicated that the test article, phenylacetic acid, did not significantly increase

the colonies as compared to the solvent controls, indicating that phenylacetic acid was

not mutagenic under the assay conditions. The results were summarized in the

sponsor’s tables below.

1 13

Reference ID: 3222607



NDA 203,284 Ke Zhang

Table 4

Confirmatory Mutagenicity Assay without 89 activation

Study Number: ”W Study Code: MH-
Experiment: B3 Date Plated: 7/22/2011

Exposure Method: Plate incomoration assay Evaluation Period: 7/26/2011

Mean Ratio Individual revertant

Strain Anicle Dose lie: e1 revertants 3“]??in treated / colony counts and
per 1) a e get Elate ex 1a on solvent backggound codes

TA98 itfg’lacmc 5000 pg 7 2 0.5 5’". 8M. 9M
1500 pg 10 4 0.7 7"". 10“. 14M
500 pg 11 2 0.8 12-“. 9‘“. 13M
150 pg 16 6 1.1 22‘“. 11M. 16M
50 pg 10 3 0. 7 8M. 14"". 9M

DMSO 50 pL 14 2 12"". 16"". 15M

TA100 gig-“ace“ 5000 pg 97 5 1.1 101". 91". 99"
1500 pg 87 9 1.0 78". 96". 87"
500 pg 93 12 1.0 so". 97". 103"
150 pg 88 11 1.0 77". 99". 89"
50 pg 91 11 1.0 84", 85". 103"

DMSO so pL 91 2 93". 92". 89"

TA1535 :=::"a°°"° 5000 pg 11 3 1.6 10". 9". 14"
1500 pg 11 2 1.6 13".11". 10"
500 pg 10 4 1.4 6". 13". 11"
150 pg 15 2 2.1 13". 15". 17"
50 pg 12 2 1.7 14".10".11"

DMSO 50 pL 7 2 8". 8". 4"

TA1537 Pug-"ace” 5000 pg 2 2 0.4 0". 3". 3"And

1500 pg 5 3 1.0 5". 3". 8"
500 pg 4 1 0.8 5". 5". 3"
150 pg 6 2 1.2 8". 4". 6"
50 pg 7 2 1.4 9". 5". 6"

DMSO 50 pL 5 1 4". 5". 5"

1 14
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Table 4 cont.

Confinnatory Mutagenicity Assay without S9 activation

Study Number: ”(4) Study Code: Mm
Experiment: B3 Date Plated: 7/22/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/26/2011

_ . Dose level Mean Standard Ratio Individual revenant
Stram Article per plate revertants Deviation treated / colony counts and

per plate solvent background codes

WPZuvrA itieg-"acem 5000 pg 9 2 0.3 8". 8". 11"
1500 pg 24 7 0.9 19". 22". 32"
500 pg 31 13 1.2 24". 23". 46"
150 pg 26 7 1.0 20". 33". 24"
50 pg 31 4 1.2 27". 31". 34"

DMSO 50 pL 26 3 27". 22". 28"

TA98 ZNF 1.0 pg 231 10 16.5 240". 232". 221"
TA100 SA 1.0 pg 429 10 4. 7 435". 417". 435"

TA1535 SA 1.0 pg 519 115 74.1 402". 524". 631"
TA1537 9AAD 75 pg 299 1 7 59.8 307". 279". 311"

WPZm-rA MMS 1000 pg 307 19 11.8 328". 292". 301"

Key to Positive Controls
ZNF 2-nitrofluorene

SA sodium azide

9AAD 9-Aminoacn'dine

MMS methyl methanesulfonate

Key to Automatic & Manual Count Flags

M: Manual count "2 Automatic count

1 15
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Table 5

Confimiatory Mutagenicity Assay with $9 activation

Study Number: "(0 Study Code: ”“1
Experiment: BS Date Plated: 7/22/2011

Exposure Method: Plate incorporation assay Evaluation Pen'od: 7/26/2011

Dose level Mean Standard Ratio Individual revertant
Strain Anicle er late revertants Deviation treated / colony counts and

p P Ber Elate solvent backgound codes

TA98 itiegylacem 5000 pg 8 3 0.5 9"". 10“. 5M
1500 pg 9 4 0.6 6“. 13‘“. 7-“
500 pg 16 3 1.1 13'“. 18“. 17M
150 pg 21 3 1.4 24-“. 21"". 19M
50 pg 19 8 1.3 28"". 16M. 13M

DMSO 50 pL 15 4 14'“. 19"". 11M

TA100 :2::ylam" 5000 pg 91 15 0.9 78". 108". 87"
1500 pg 120 7 1.2 126". 113". 120"
500 pg 121 13 1.2 128". 129". 106"
150 pg 125 17 1.2 105".138".131"
50 pg 105 11 1.0 117". 102". 96"

DMSO 50 pL 103 16 96". 91". 121"

TA1535 itfgylacem 5000 pg 10 3 0.8 9". 8". 14"
1500 pg 11 5 0.8 14". 5". 13"
500 pg 11 3 0.8 9". 10". 14"
150 pg 11 2 0.8 13". 10". 9"
50 pg 12 6 0.9 8". 19". 8"

DMSO 50 pL 13 2 11". 15". 14"

TA1537 itfgymflk 5000 pg 2 2 0.3 4". 0". 3"
1500 pg 6 2 0.8 5". 5". 9"
500 pg 5 1 0.6 5". 6". 4"
150 pg 8 5 1.0 5". 6". 14"
50 pg 7 2 0.9 9". 5". 6"

DMSO 50 pL 8 3 10". 5". 8"

1 16
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Table 5 cont.

Confirmatory Mutagenicity Assay with S9 activation

 

Study Number: (m4) Study Code: (m4)
Experiment: B3 Date Plated: 7/22/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/26/2011

. . Dose level Mean Standard Ratio Indrvrdual revertant
Strain Artlcle er late revenants Deviation treated / colony counts and

p p per plate solvent background codes

\VPZuvrA :lc'g'ymem 5000 pg 1 7 6 0.5 14*. 23% 13A
1500 pg 36 6 0. 7 20A. 28A. 31A
500 pg 35 7 0. 7 20A. 23". 33"
150 pg 28 9 0.8 29". 18“. 36"
50 pg 27 12 0. 7 20A. 20A. 41A

DMSO 50 pL 37 10 26A. 41". 45A

TA98 2AA 1.0 pg 262 :5 1 7. 5 240“. 289“. 256"
TA100 2AA 2.0 pg 823 147 8.0 705". 7779:9138A

TA1535 2AA 1.0 pg 58 3 4.5 61“. 55“. 57A
TA1537 2AA 1.0 pg 31 14 3.9 18". 28A. 46A

WPZuvrA 2AA 15 pg 144 8 3.9 149“. 134*. 148A

Key to Positive Controls
2AA 2-aminoantln‘acene

Key to Automatic & Manual Count Flags

M: Manual count ""2 Automatic count

In Vitro Assays in Mammalian Cells

Study title: In Vitro Mammalian Chromosome Aberration Test

Study no.: mo
Study report location: N/A

Conducting laboratory and location: M“)

Date of study initiation: June 24, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Phenylacetic Acid,
STBBOQ62V and 99.6%

Key Study Findings

Methods

1 17
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Cell line: Chinese hamster ovary (CHO) cells

Concentrations in definitive study: 116, 233, 466, 666, 950, and 1360 uglml

Basis of concentration selection: cell growth inhibition

Negative control: DMSO

Positive control: Mitomycin C 0.1-0.2 uglml

Cyclophosphamide 10—1 5 uglml
FormulationNehicle: DMSO

Incubation & sampling time: The cells were treated for 4 or 20 hours
All cells were harvested 20 hours after

treatment

Study Validity

The positive and solvent controls met the requirements for a valid test.

Results

The results indicated that phenylacetic acid did not significantly increase the proportion

of cells with aberrations in the presence or absence of 8-9.

3. Studies with Phenylacetylglutamine (PAGN)

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Bacterial Reverse Mutation Assay with

Study no.:

Study report location: N/A

Conducting laboratory and location:

0’) (4)

(b) (4)

Date of study initiation: July 6, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Phenylacetylglutamine (PAGN)
UXW-M0053-SD2-1-6-41 and 90.98%

Key Study Findings

1 18
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Methods 
Strains: TA98, TA100, TA1535 and TA1537 and  

Escherichia coli WP2 uvrA 
 Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and  

5000 μg per plate 
Basis of concentration selection: the maximum dose of 5000 μg per plate  

was tested. 
Negative control: Water 
Positive control: See table below 

Formulation/Vehicle: Water 
Incubation & sampling time: Incubated for 48-72 hours using the plate  

incorporation method 
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St' - 39 P 't' _ C t' 1 Concentration
1am Activation 031 me on 10 (pg-plate)

TA98. TA] 53 5 2-aminoantln‘acene

and TA1537

Lot No. 03403ED

TAIOO Exp. Date 22-Jan-2012
WP2 [n‘rA CAS No. 613-13-8

Pun 99.8%

2-nitrofluorene

Lot No. 843858

Exp. Date 31-Jan-2014
CAS No. 607-57-8

Pun' ' 97.9%

sodium azide
(m4)

Lot No. A23U048

Exp. Date 04-Dec-2012
CAS No. 26628-22-8

Ptln'ty 100.0%
9-aminoac1idine

TA100.TA1535

Lot No. 106F06682

Exp. Date 28-Oct-2011
CAS No. 90-45-9

Ptui >97%

methyl 111ethanesulfonate

TA1537

M (4)

Lot No. 7629610

Exp. Date 09-Jun-2012
CAS No. 66-27-3

Puri ' 99.8%

WP2 im'A

 
Study Validity

The positive controls significantly increased the colonies compared to the solvent
controls.

Results

The results suggest that test article, phenylacetylglutamine (PAGN), was not mutagenic

under the assay conditions. The results were summarized in the sponsor's tables
below.
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Table 3

Confnmatory Mutagenicity Assay without 89 activation

Study Number: ”(‘0 Study Code: ”‘0
Experiment: B2 Date Plated: 7/22/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/28/2011

Mean Ratio Individual revertant

Strain Article DZ? 11:? revertants 3:323:11! treated / colony counts and
p p per plate solvent backgrmmd codes

TA98 PAGN 5000 pg 14 1.0 18-“. 11M. 13M4

1500 pg 11 2 0.8 9“. 13-“. 12M
4

500 pg 14 1.0 MM. 1011 12:1
150 pg 15 5 1.1 9“. 16M. 19
50 pg 12 4 0.9 16"". 8-“. 13M

Water 100 pL 14 3 11“. 16“. 14M

TA100 PAGN 5000 pg 111 6 1.4 107". 118". 109"
1500 pg 104 13 1.3 118". 103". 92"
500 pg 101 5 1.2 97". 99". 106"
150 pg 89 5 1.1 WDN#. 92". 85"
50 pg 2 16 1.1 85-". 81". 110"

Water 100 pL 81 10 85". 69". 88"

TA1535 PAGN 5000 pg 15 3 1.1 13-".19". 13"
1500 pg 14 1 1.0 15". 13". 13"
500 pg 14 1 1.0 13".15". 13"
150 pg 13 5 0.9 19". 9". 11"
50 pg 9 5 0.6 11". 4". 13"

Water 100 pL 14 3 11". 16". 15"

1111537 PAGN 5000 pg 4 0 0.7 4". 4-". 4-"
1500 pg 8 1 1.3 8". 7". s"
500 pg 6 3 1.0 3". 8-". 8-"
150 pg 8 4 1.3 12-". 7". 4"
50 pg 4 1 0. 7 3". 4". 5"

Water 100 pL 6 1 7". 5". 5"

WPZm-rA PAGN 5000 pg 23 5 0.7 21". 19". 28"
1500 pg 28 4 0.9 32". 25". 28"
500 pg 29 3 0.9 32". 27". 29"
150 pg 26 5 0.8 28". 29". 20"
50 pg 26 4 0.8 29". 28". 21"

Water 100 pL 32 8 37". 36". 23"

Key to Plate Postfix Codes
WD Water damaged plate
N# Not counted
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Table 3 cont.

Confn‘matory Mutagenicity Assay without S9 activation

 

Study Number: M” Study Code: ”‘0
Experiment: BZ Date Plated: 7/22/2011

Exposure Method: Plate incoxporation assay Evaluation Period: 7/28/2011

Mean ‘ Ratio Individual revertant

Strain Article Dose 1:: el revertants Standard treated / colony counts and
per p a e per Blate e\ 1a 1011 solvent backggound codes

TA98 2311' 1.0 pg 314 76 22.4 306“. 243". 394A
TA100 SA 1.0 pg 746 239 9.2 1008“. 690A. 540A

TA1535 SA 1.0 pg 636 522 45.4 33“. 926A. 948A
TA1537 9AAD 75 pg 707 101 11 7.8 633‘. 822A. 666A

\VPZm'rA MMS 1000 pg 192 11 6.0 194'“. 180A. 202A

Key to Positive Controls
2NF 2-nitrofluorene

SA sodium azide
9AAD 9-An1inoacridine

MMS methyl metlianesulfonate

Key to Automatic & Manual Count Flags

”2 Manual count A: Automatic count
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Table 4

Confim1atory Mutagenicity Assay with S9 activation

Study Number: 0N4) Study Code: "(9
Experiment: B2 Date Plated: 7/22/2011

Exposure Method: Plate incorporation assay Evaluation Period: 7/28/2011

Dose level Mean Standard Ratio Individual revertant
Strain Article per plate revertants Deviation treated / colony coxults and

per plate solvent background codes

TA98 PAGN 5000 pg 19 3 0.9 16-“. 19M. 21M
1500 pg 24 3 1.1 28‘“. 22“. 23“
500 pg 19 1 0.9 18-“. 19“. 20-“
150 pg 22 5 1.0 24'“. 26“. 16M
50 pg 24 1 1.1 24“. 25M. 23“I

Water 100 pL 22 3 21-“. 25“. 20“

1.4100 PAC)“ 5000 pg 175 1 1.2 176". 175". 174"
1500 pg 162 31 1.1 126". 175". 184"
500 pg 160 13 1.1 175".151".155"
150 pg 164 12 1.1 159". 156". 178"
50 pg 145 4 1.0 146". 149". 141"

Water 100 pL 151 14 135". 155". 162"

TA1535 PAGN 5000 pg 16 6 0.9 13". 23". 12"
1500 pg 11 6 0.6 16". 4". 12"
500 pg 14 7 0.8 7". 20". 15"
150 pg 14 6 0.8 19". 8". 16"
50 pg 13 5 0.7 16". 16". 7"

Water 100 pL 13 6 24". 17". 13"

TA1537 PAGN 5000 pg 12 6 1.3 7". 19". 11"
1500 pg 8 4 0.9 8". 11". 4"
500 pg 14 1 1.6 13". 15". 15"
150 pg 6 2 0.7 4". 3". 7"
50 pg 12 5 1.3 11". 8". 17"

Water 100 pL 9 2 s". 8". 11"

WPZurrA PAGN 5000 pg 23 3 1.0 25". 24". 19"
1500 pg 26 10 1.1 21". 20". 37"
500 pg 31 9 1.3 31". 23". 40"
150 pg 32 s 1.3 41". 25". 31"
50 pg 23 10 1.0 13". 32". 24"

Water 100 pL 24 4 23". 29". 21"
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Table 4 cont.

Confinnatory lVIutagenicity Assay with S9 activation

 

00(4)

Study Number: on“) Study Code:
Experiment: B2 Date Plated: 7122/2011

Exposure Method: Plate incmporation assay Evaluation Period: 7/28/2011

-\ ' ‘ .‘ t . . .
. . . Dose level .lean Standard Ratio I, Illdl\ldll1lle\ eitant

Strain Amcle er late rex ertants Deviation treated , colony counts and
p p per plate solvent background codes

TA98 2AA 1.0 pg 298 18 13.5 293". 282A. 318A
TAIOO 2AA 2.0 pg 750 77 5.0 814'“. 772-“. 664A
TA1535 2AA 1.0 pg 134 5: 6.9 66“. 167A. 139A
TA1537 2AA 1.0 pg 4: 11 4. 7 33“. 40". 54A

\VPZuvrA 2AA 15 pg 37 18 3.6 70-“. 105A. 85A

Key to Positive Controls
2AA l-aininoantln‘acene

Key to Automatic & Manual Count Flags

M: Manual count A: Automatic count

In Vitro Assays in Mammalian Cells

Study title: In Vitro Mammalian Chromosome Aberration Test

Study no.: “N"
Study report location: N/A

Conducting laboratory and location: W"

Date of study initiation: June 27, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Phenylacetylglutamine (PAGN)
UXW-M0053-SD2-1-6-41 and 90.98%

Key Study Findings

Methods

Cell line: Chinese hamster ovary (CHO) cells

Concentrations in definitive study: 520, 1040, 1480, 2110, and 2643 pg/ml with
and without S-9

Basis of concentration selection: cell growth inhibition

Negative control: Water

Positive control: Mitomycin C 0-1-0.2 uglml

Cyclophosphamide 10-15 pglml

1 24

Reference ID: 3222607



NDA 203,284 Ke Zhang

FormulationNehicIe: Water

Incubation & sampling time: The cells were treated for 4 or 20 hours.
All cells were harvested 20 hours after

treatment

Study Validity

The positive and solvent controls fulfilled the requirements for a valid test.

Results

The results indicated that phenylacetylglutamine (PAGN) did not significantly increase

the proportion of cells with aberrations in the presence or absence of 8-9.

4. Studies with Phenylacetylglycine (PAG)

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Bacterial Reverse Mutation Assay with n—Phenylacetylglycine

(Phenaceturic Acid)

Study no.: “m
Study report location: NlA

Conducting laboratory and location: “M"

Date of study initiation: September 13, 2011

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: n-Phenylacetylglycine (Phenaceturic

Acid) / F0002

Key Study Findings
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Methods 
Strains: TA98, TA100, TA1535 and TA1537 and  

Escherichia coli WP2 uvrA 
 Concentrations in definitive study: 1.5, 5.0, 15, 50, 150, 500, 1500 and 5000  

μg per plate 
Basis of concentration selection: the maximum dose of 5000 μg per plate  

was tested. 
Negative control: Dimethyl sulfoxide (DMSO) 
Positive control: See table below 

Formulation/Vehicle: DMSO 
Incubation & sampling time: Incubated for 48-72 hours using the plate  

incorporation method 
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Concentlation

(Hg/Plate)

TA98 TA1535 2-a1ninoantlnacene

a—ndTA1537 Lot No. O3403ED

_A100 Exp. Date 22-Jan-2012
WPz mrA CAS No. 613-13-8

P1u1ty 99.8%

2-11itrofluorene

Lot No. 843858

Exp. Date 31-Jan-2014
CAS No. 607-57-8

Pun't 97.9%

sodilun azide
m4)

Lot No. A23U048

Exp. Date 04-Dec-2012
CAS No. 26628-22-8

Puu' 100.0%

9-aminoacn'dine

TAIOO. TA1535

Lot No. 07620TD

Exp. Date 31-Nov-2013
CAS No. 52417-22-8

Pm‘it 99.9%

methyl methanesulfonatem4)

Lot No. A0274779

Exp. Date 05-Jan-2013
CAS No. 66-27-3

Pm‘it 99.8%

TA1537 
Study Validity

The positive controls significantly increased the colonies compared to the solvent
controls.

Results

The results suggest that the test article, n-phenylacetylglycine, was not mutagenic

under the assay conditions. The results were summarized in the sponsor’s table below.

1 27

Reference ID: 3222607



NDA 203,284 Ke Zhang

Table 3

Confmnatory Mutagenicity Assay without 89 activation

Study Number: ”9’ Study Code: MW
Experiment: 32 Date Plated: 9/29/2011

Exposure Method: Plate incorporation assay Evaluation Period: 10/3/2011

Dose Mean Standard Ratio Individual revertant
Strain Article level per rever’cants . . treated / colony counts and

Devration .
Blate per glate solvent backgormd codes

1].

TA98 Phenylacetylglycine 5000 pg 15 4 0.8 12". 19". 15"
(Phenaceturic Acid)

1500 pg 15 2 0.8 13". 16". 17"
500 pg 19 10 1.0 29". 9". 19"
150 pg 16 5 0.8 12". 21". 15"
50 pg 14 3 0.7 17". 11". 15"

DMSO 50 pL 20 4 20". 17". 24"

“—

TA100 Phenylacetylglycine 5000 pg 89 16 1.0 105". 89". 74"
(Phenaceturlc Add)

1500 pg 93 10 1.1 94". 82". 102"
500 pg 89 8 1.0 98". 84". 84"
150 pg 88 14 1.0 101". 73". 89"
50 pg 90 19 1.0 109". 72". 90"

DMSO 50 pL 87 7 84". 81". 95"

n-

TA1535 Phenylacetylglycine 5000 pg 11 2 0.8 13". 12". 9"
(Phenacetul'ic Acid)

1500 pg 14 6 1.1 12". 9". 20"
500 pg 10 5 0.8 16". 8". 7"
150 pg 13 4 1.0 15". 15". 8"
50 pg 10 1 0.8 9". 9". 11"

DMSO 50 pL 13 4 9". 13". 16"

u-

TA1537 Phenylacetylglycine 5000 pg 4 1 0.8 4". 4". 5"
(Phenaceturlc Add)

1500 pg 3 3 0.6 o". 5". 3"
500 pg 8 4 1.6 5". 7". 12"
150 pg 7 2 1.4 7". 9". 5"
50 pg 4 3 0.8 7". 3". 1"

DMSO 50 pL 5 1 5". 4". 5"
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Table 3 cont.

Confirmatory Mutagenicity Assay without S9 activation

Study Number: "‘9 Study Code: ”(4)
Experiment: B2 Date Plated: 9/29/2011

Exposure Method: Plate incorporation assay Evaluation Period: 10/3/2011

Dose Mean Standard Ratio Individual revertant
Strain Article level per revertants .- . treated / colony counts andDex 1at1on

plate per glate solvent background codes

I].

\VP2m-rA Phenylacetylglyclne 5000 pg 23 5 0.9 28". 19A. 21A
(Phenacetun‘c Acid)

 

150011g 23 3 0.9 275 215 21A
500 11g 21 2 0.8 245 205 20A
150112: :5 3 1.0 27-5 215 27-5
5011g 18 3 0.7 205 15". 19A

DMSO 50 11L 25 9 345 255 17A

TA98 ZNF 1.0 pg 175 5 8.8 17451705180“
TA100 SA 1.0113 788 43 9.1 76558375763"

TA1535 SA 1.011g 571 13 43.9 55055785534A
TA1537 9AAD 75113 202 43 40.4 232515352215

WPZm'rA RIMS 1000 pg 337 19 13.5 32853255359“ 

Key to Positive Controls
ZNF 2-1ntrofluorene

SA sodium azide

9AAD 9-A1ninoacridine

MMS methyl methanesulfouate

Key to Automatic & Manual Count Flags

M: Manual count A: Automatic count
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Table 4

Confinnatory Mutagenicity Assay with S9 activation

Study Number: ”(4) Study Code: PM"
Expen'ment: B2 Date Plated: 9/29/2011

Exposure Method: Plate incorporation assay Evaluation Period: 10/3/2011

Dose Mean Standard Ratio Individual revenant
Strain Article level per revertants Deviation treated / colony counts and

plate Ber glate solvent backgound codes

[1.

TA98 Phenylacetylglycine 5000 11 g I 7 6 1.0 23“. 17A. 12A
(Phenaceturic Acid)

1500 pg 21 5 1.2 15“. 24“. 24“
500 pg 24 1 1.4 25-“. 24“. 23“
150 pg 19 6 1.1 23-“. 23“. 12-“
50 pg 21 5 1.2 15“. 23“. 24“

DMSO 50 pL 1 7 1 16“. 17“. 17“

u-

TA100 Phenylacetylglycine 5000 pg 129 8 1.0 123“. 138“. 125“
(Phenaceturic Acid)

1500 pg 115 12 0.9 111“. 105“. 129-“
500 pg 125 3 1.0 126-“. 127“. 121“
150 pg 131 20 1.0 117“. 153“. 122“
50 pg 130 7 1.0 137“. 131“.123“

DMSO 50 pL 127 7 131“. 130“. 119“

u-

TA1535 Phenylacetylglycine 5000 pg 11 3 0.8 s“. 13-“. 11“
(Phenaceturic Acid)

1500 pg 14 4 1.1 11“. 12“. 19“
500 pg 8 5 0.6 8“. 13“. 4“
150 pg 11 4 0.8 9“. 15“. s“
50 pg 11 3 0.8 7“. 13“. 12“

DMSO 50 pL 13 7 7-“. 13'“. 20“

u-

TA1537 Phenylacetylglycine 5000 pg 4 3 0.6 1“. 5“. 7“
(Phenaceturic Acid)

1500 pg 9 3 1.3 12“. 7“. 8“
500 pg 7 2 1.0 s“. 4“. 8“
150 pg 10 4 1.4 15“. 9“. 7“
50 pg 8 4 1.1 4“. 9“. 11“

DMSO 50 pL 7 2 5“. s“. s“
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Table 4 cont.

Confiimatory Mutagenicity Assay with S9 activation

Study Number: and)
Experiment: B2

Exposure Method: Plate incmporation assay

Study Code: 0)“)
Date Plated: 9/29/2011

Evaluation Period: 10/3/20] 1

 

Dose Mean Standard Ratio Individual revenant
Strain Article level per revertants Deviation treated / colony counts and

plate per plate solvent background codes

I].

“"PZuvrA Phenylacetylglycine 5000 pg 22 11 0.8 32311524"
(Phenaceturic Acid)

1500 pg 27 10 1.0 36‘“. 29". 17A
500 pg 22 2 0.8 205. 24“. 23A
150 pg 30 6 1.1 27*. 37". 25A
50 pg 27 7 1.0 34“. 27A. 21A

DMSO 50 “L 28 6 33A. 29". 21A

TA98 2AA 1.0ug 295 s 17.4 298A.286"‘.3OZA
TA100 2AA 2.0ug 664 19 5.2 642A. 679A. 671A

TA1535 2AA 1.0ug 56 13 4.3 41A.65A.61A
TA1537 2AA 1.0 pg 50 7 7.1 543423.54"

WPZuvrA 2AA lSug 254 16 9.1 25632683237A

Key to Positive Controls
2AA 2-an1inoanthracene

Key to Automatic & Manual Count Flags

M: Manual count

In Vitro Assays in Mammalian Cells

A: Automatic COIIIlt

Study title: In Vitro Mammalian Chromosome Aberration Test

Study no.2

Study report location:

Conducting laboratory and location:

Date of study initiation:

GLP compliance:
QA statement:

Drug, lot #, and % purity:

Key Study Findings

Reference ID: 3222607

lb) (4)

MIA
lb) (4)

September 9, 2011
Yes

Yes

n-Phenylacetylglycine (phenaceturic Acid)
F0002
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Methods

Cell line: Chinese hamster ovary (CHO) cells

Concentrations in definitive study: 80, 162, 324, 460, 660, 950, 1350, and

1932 ug/ml with and without S-9

Basis of concentration selection: cell growth inhibition

Negative control: DMSO

Positive control: Mitomycin C 0.1-0.2 pg/ml

Cyclophosphamide 10-15 ug/ml
FonnulationNehicle: DMSO

Incubation & sampling time: The cells were treated for 4 or 20 hours.
All cells were harvested 20 hours after

treatment

Study Validity

The positive and solvent controls fulfilled the requirements for a valid test.

Results

The results indicated that n-phenylacetylglycine did not significantly increase the

proportion of cells with aberrations in the presence or absence of 8-9.

7 Carcinogenicity

MOUSE:

Study title: HPN-100 (Glyceryl Tri-(4-Phenylbutyrate) [GT4P]: 26-Week

Repeated Dose Oral Carcinogenicity Study in Tg_rasH2 Mice

Study no.: “M"
Study report location: N/A

Conducting laboratory and location: "M

Date of study initiation: March 15, 2010

(report dated May 03, 2011)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Lot # XA21OB; 99.0%

CAC concurrence: Yes (see meeting minutes from July 17,

2012 in Appendix)

Key Study Findings
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HPN-100 was well tolerated at all dose levels (600 and 1000 mg/kg/day).  The FDA 
statistical review concluded that HPN-100 did not produce any significant increase in 
tumor incidence. 
 
Adequacy of Carcinogenicity Study 
The carcinogenicity study was conducted appropriately. 
 
Appropriateness of Test Models 
The test model was appropriate. 
 
Evaluation of Tumor Findings 
The tumor incidences were within the historical control ranges from the testing 
laboratory.  No statistically significant increase in tumors was observed in groups 
treated with HPN-100.  Treatment with urethane (positive control) produced a high 
incidence of lung tumors and hemangiosarcoma in spleen.  The Executive 
Carcinogenicity Assessment Committee concluded that there were no drug-related 
neoplasms.  
 
 
Methods 

Doses: 0 (water), 0 (water), 600, and 1000 mg/kg/day; 
1000 mg/kg urethane (positive control) 

Frequency of dosing: daily 
Dose volume: 0.91, 0.91, 0.54, and 0.91 ml/kg 

Route of administration: oral 
Formulation/Vehicle: HPN-100 was given as a neat liquid  

Basis of dose selection: MTD and minimum feasible dose (see 
Executive CAC minutes from February 16, 
2010 in the appendix) 

Species/Strain: Hemizygous Tg.rasH2 mice 
Males (20.7-26.3 g) 
Females (15.1-21.1 g) 

Number/Sex/Group: 25 
Age: 9 weeks 

Animal housing: individually 
Paradigm for dietary restriction: none 

Dual control employed: no 
Interim sacrifice: no 
Satellite groups: 5/sex/group 

Deviation from study protocol: Deviations did not have a significant impact on 
the study outcome. 

 
Mice were treated with HPN-100 (neat) at dose levels of 600 and 1000 mg/kg/day via 
oral gavage for 26 weeks.  The dose levels were recommended by the Executive 
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Carcinogenicity Assessment Committee, based on MTD and the minimum feasible 
dose.  Two water control groups were included.  The positive control animals received 
urethane at 1000 mg/kg via intraperitoneal injection on Days 1, 3 and 5.  The 
toxicokinetic evaluation (exposure study) was conducted in hybrid CByB6F1 
(nontransgenic) mice (5 mice/sex/group).  The study design was summarized in Text 
Table 7 from the study report (shown below). 
 

 
 
Clinical signs of toxicity and mortality were observed daily.  Body weights and food 
consumption were determined.  All animals were necropsied at termination. Complete 
histopathological examination was performed on all treated animals in all main study 
groups.  The tumor data were analyzed using the Peto prevalence method, Peto death 
rate method, and Peto combined analysis (incidental and fatal tumors).   
 
Observations and Results   
 
Mortality: Two high-dose females died before study termination.  Malignant tumors 
were found in these females and were considered as the cause of death (multicentric 
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lymphoma in the female that died on day 49, and primary malignant hemangiosarcoma 
of the liver in the female that died on day 164).  One control female was found dead on 
day 181.  This female had malignant multicentric mesothelioma of the nasal cavity and 
lung.  One low-dose male was found dead on day 28.  This male had axonal 
degeneration of the spinal cord.  
 
The mortality information was summarized in the following table (taken from the study 
report). 
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Clinical Signs: Hyperactivity was significantly increased in the treatment groups as 
compared to the control groups.   
 
 
Body Weight: The initial and final body weights for the control animals were 23.1-23.4 
and 27-27.4 g, respectively, for males and 18.4-18.7 and 22.4-22.7 g, respectively, for 
females.  The terminal body weight gains were 3.98, 3.88, 3.42, 4.72 g in control 1, 
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control 2, low, and high dose males, respectively, and 3.88, 3.86, 4.24, 4.8 g in control 
1, control 2, low, and high dose females, respectively.  The body weight gain was higher 
in the high dose males, and in females in both HPN-100-treated groups, as compared to 
the controls.  The growth curves were not provided.    
 
Feed Consumption:  There were no treatment-related changes.   
 
Gross Pathology: No treatment-related changes were observed. 
 
Histopathology  
 
Peer Review: Yes. 
 
Non-Neoplastic Changes: There were no treatment-related changes. 
 
Neoplastic Changes:   
 
The positive control article produced a marked increase in the incidence of lung tumors, 
whereas HPN-100 had no effects on the incidence of lung tumors.  The incidence of 
pulmonary tumors was summarized in the following table (taken from the study report). 
 
 

Lung Tumors 
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The positive control article produced a marked increase in the splenic 
hemangiosarcoma rate, whereas no effect was observed with HPN-100, as shown the 
table below (taken from the study report).  
  

Spleen Tumors 

 
 
The combined incidence of hemangiomas and hemangiosarcomas in multiple organs is 
summarized in the following table.  The treatment with HPN-100 did not significantly 
increase the combined incidence of hemangiomas and hemangiosarcoma as compared 
to the control groups. 
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Hemangiomas and Hemangiosarcomas 

 
 
The incidences of other types of tumors (non-vascular and non-pulmonary) were 
presented in the following table (taken from the study report).  The treatment with HPN-
100 did not significantly increase the incidence of these tumors as compared to the 
control groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Non-Vascular and Non-Pulmonary Tumors 
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The tumor incidences were within the historical control ranges from the testing 
laboratory. The FDA statistical review of this study concluded that treatment with HPN-
100 did not significantly increase the tumor incidences in both males and females as 
compared to each of the water controls and the combined water controls (see review by 
Dr. Min Min).   
 
Toxicokinetics: HPN-100 is rapidly converted to PBA (4-phenylbutyric acid) in the GI 
tract.  PBA is oxidized to PAA (phenylacetic acid).  In mice, PAA conjugates with glycine 
forming PAG (phenylacetylglycine).  The plasma concentrations of the above mentioned 
metabolites were analyzed in this study and the results were summarized in the 
following table (taken from the study report). 
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Dosing Solution Analysis: The test article was a neat liquid, and was stable 
throughout the study period. 
 
 
RAT: 
 
 
Study title:  HPN-100 (Glyceryl Tri-(4-Phenylbutyrate) [GT4P]: 24-Month 
Repeated Dose Oral Carcinogenicity Study in Crl:CD(SD) Rats 
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Study no.: ””671 007

Study report location: NlA

Conducting laboratory and location: "m"

Date of study initiation: September 22, 2008

(report dated September 14, 2011)

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Lot # XA171; 98.8-101.2%

Lot # XA179; 98.3-103.9%

CAC concurrence: Yes (see meeting minutes from July 17,

2012 in Appendix)

Key Study Findings

HPN—100 did not produce statistically significant changes in mortality. The terminal

body weight was 7% and 11% lower in the high dose males and females, respectively,

as compared to the water control group. The terminal body weight gain was 13% and

21% lower in the high dose males and females, respectively, as compared to the water

control group. Treatment-related non-neoplastic changes included focal hypertrophy in

the adrenal cortex, pancreatic acinar cell hyperplasia, follicular cell hyperplasia in the

thyroid gland, cystic endometrial hyperplasia of the uterus, Zymbal’s gland hyperplasia,

basophilic foci in the liver, and retinal atrophy.

The Executive Carcinogenicity Assessment Committee concluded that HPN-100

increased the incidence of the following neoplasms, as indicated by statistical

significance in both the dose—response and pair-wise tests using the water control

group, with exception of Zymbal’s gland carcinoma in males: in males pancreatic acinar

cell adenoma, carcinoma and combined adenoma or carcinoma at the high dose and

Zymbal’s gland carcinoma at the middle and high doses, and in females, pancreatic

acinar cell adenoma, carcinoma and combined adenoma or carcinoma at the high dose,

thyroid follicular cell adenoma, carcinoma and combined adenoma or carcinoma at the

high dose, adrenal cortical combined adenoma or carcinoma at the high dose, uterine

endometrial stromal polyp and combined polyp or sarcoma at the high dose, and

Zymbal’s gland carcinoma at the high dose. The increased incidence of Zymbal’s gland

carcinoma in males was considered to be drug-related, based on the very low incidence

of this neoplasm in historical control data.

Adequacy of Carcinogenicity Study

The study was conducted appropriately.

Appropriateness of Test Models

The test model was appropriate.
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Evaluation of Tumor Findings 
Statistically significant dose-response relationships were found for the following tumors, 
based on comparison to the water control group: acinar cell adenoma, carcinoma and 
combined adenoma or carcinoma in pancreas in both sexes, follicular cell adenoma in 
thyroid in both sexes, malignant schwannoma in skin in males, malignant lymphoma in 
males, adenoma and combined adenoma or carcinoma in adrenal cortex in females, 
hepatocellular adenoma in females, follicular cell carcinoma and combined adenoma or 
carcinoma in thyroid in females, polyp and combined polyp or sarcoma in uterus, and 
carcinoma in Zymbal’s glands in females (see statistical review by Dr. Min Min). 
 
The FDA statistical review also found significant increases in the following tumors, 
based on pair-wise comparison to the water control group: acinar cell adenoma, 
carcinoma and combined adenoma or carcinoma in pancreas in high-dose groups for 
both sexes, follicular cell adenoma in thyroid in high-dose groups for both sexes, 
combined adenoma or carcinoma in adrenal cortex in high-dose females, follicular cell 
carcinoma and combined follicular cell adenoma or carcinoma in thyroid in high-dose 
females, polyp and combined polyp or sarcoma in uterus in high-dose females, and 
carcinoma in the Zymbal’s glands in high-dose females. 
 
 
Methods 

Doses: Males: 0 (water), 0 (corn oil), 70, 210, and 650 
mg/kg/day 
Females: 0 (water), 0 (corn oil), 100, 300, and 
900 mg/kg/day  

Frequency of dosing: daily 
Dose volume: See study design table below 

Route of administration: oral gavage 
Formulation/Vehicle: HPN-100 was given as a neat liquid 

Basis of dose selection: MTD in males, single-dose lethality in females 
(see Executive CAC meeting minutes from 
August 12, 2008 in the appendix) 

Species/Strain: Crl:CD(SD) rats 
Males (209-292 g) 
Females (150-196 g) 

Number/Sex/Group: 65 
Age: 7 weeks 

Animal housing: individually 
Paradigm for dietary restriction: none 

Dual control employed: water and corn oil 
Interim sacrifice: no 
Satellite groups: 6/sex/group 

Deviation from study protocol: Deviations did not have a significant impact on 
the study outcome. 
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Toxicology Groups ( ”msnoom and

Dosage Level

"”“’571007F)

Dose Volume

Ke Zhang

Number of

Number Treatment
Group

1 Control 1

2 Control 2

3 HPN- 1 00

4 HPN- l 00

5 HPN- l 00

In this study, clinical signs of toxicity and mortality were observed daily. Body weights

and food consumption were determined. All animals were necropsied at termination.

Complete histopathological examination was performed on all treated animals in all

The tumor data were analyzed using the Peto’s mortality-main study groups.

prevalence method.

Observations and Results

Mortaliy: There were no statistically significant changes in survival rates. The mortality

information was summarized in the following table and figures (taken from the study

report).

Reference ID: 3222607
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(Illg/ls'gxflay) (mL/kg)
Males Females Males Females

0 0 0.59 0.82

0 0 0.59 0.82

70 100 0.06 0.09

2 10 300 0. 19 0.27

650 900 0.59 0.82

Animals 3

Males Females

65 65

65 65

65 65

65 65

65 65
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Figure 5.1.3 Kaplan-Meier Estimates of Survival: Males

Males
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Clinical Signs: Hypoactivity, rigid muscle tone, and impaired muscle coordination were

observed in the first 1-5 days of dosing in the treatment groups. In addition, clear,

yellow, red, and/or brown material around the mouth, ventral trunk, and/or anogenital

area and reddened ears were noted in the high dose group. Yellow material around the

urogenital area was noted in the middle— and high-dose groups.

Body Weight: The initial and final body weights for the control animals were 243 and

712-741 g, respectively, for males (weeks 0-104), and 175 and 422-459 g, respectively,

for females (weeks 0-100). The terminal body weight was 7% and 11% lower in the

high dose males and females, respectively, as compared to the control group (control

1). The terminal body weight gains were 472, 499, 437, 475, and 412 g in control 1,

control 2, low, middle, and high dose males, respectively, and 293, 251, 335, 296, and

232 g in control 1, control 2, low, middle, and high dose females, respectively. The

terminal body weight gain was 13% and 21% lower in the high dose males and females,

respectively, as compared to the control group (control 1). The growth curves are

attached below (taken from the study report).

F: SITE 2

 

  
 

 

 

  

  wag sir. 33;" .; 3' ;;
ayw~§tyczzu;_    

 

Best Available

COPYMEANBODYBIG]?(m)
n.

 

 

1 47

Reference ID: 3222607



NDA 203,284

’ ”film“EROISC: 3..
EEOKISCR. 83:53!le THERAPEUTIC!

EZSTRE i SEYLES‘
SL'HHARL' 3! 5331’ HEIGHT! 13-:

FF!!!)FTEZ‘ A! MEN: : E:

Ke Zhang

 

 

 

 HIMBODYMIG-11'(mus)
 

 

l
w I (n

— 1| MGYJI- DAT - ;

Feed Consumption: There were no treatment-related changes.

Gross Pathology:

—c— 1' MG; KG." DAY-Z

3'2 3 31 4-3

STUDY WEEK

—6— l l '1 MG "KG ‘Z'A'L' —B— 35 II MIEN'YJI- "E-A'z'

  
+ 5": II MEWS/DAY

For males, there were higher incidences of gross findings in the pancreas, adrenal glands,

mammary gland, and skin in the treatment groups, as summarized in the sponsor’s table below.

Text Table 9. Selected Macroscopic Findings - Males, All Necropsies

Dose (mg/kgx‘day) Control 1 Control 2 70 210 650

Number of Animals in Group 65 65 65 65 65
Pancreas

Mass 2 l l O 6

Nodule 2 1 l 7

Adrenal Gland
Mass 0 O 1 4 2

Enlarged 3 l 7 4 6
Area. dark red 1 l 1 3 4

Mottled 2 l 1 3 6

Skin

Mass 10 S 10 12 17

Mammary Gland
Mass 4 5 11 7 13
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For females, there were higher incidences of gross findings in the pancreas, adrenal gland, 
uterus, and cervix in the treatment groups, as summarized in the sponsor’s table below. 
 

 
 
Histopathology 
 
Peer Review: Yes. 
 
Non-Neoplastic Changes: Treatment-related changes include focal hypertrophy in the 
adrenal cortex, pancreatic acinar cell hyperplasia, follicular cell hyperplasia in the 
thyroid gland, cystic endometrial hyperplasia of the uterus, Zymbal’s gland hyperplasia, 
basophilic foci in the liver, and retinal atrophy in the eye.  The incidences of these 
changes are summarized in the following tables (taken from the study report). 
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Neoplastic Changes:   The incidences of selected tumors are summarized in the 
following table (taken from the study report). 
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The results of the sponsor’s statistical analysis including pair-wise and trend tests are 
summarized in the following tables (taken from the study report). 
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The sponsor’s statistical analysis indicated that the following tumors show positive 
dose-response trends: adrenal cortical carcinomas in males, adrenal cortical adenomas 
in females, adrenal cortical adenomas + carcinomas in females, pancreatic acinar cell 
adenomas in males and females, pancreatic acinar cell carcinomas in males and 
females, pancreatic acinar cell adenomas + carcinomas in males and females, thyroid 
follicular cell adenomas in females, thyroid follicular cell carcinomas in females, thyroid 
follicular cell adenomas + carcinomas in females, benign endometrial stromal polyps of 
the uterus, Zymbal’s gland carcinomas in females, hepatocellular adenomas in females, 
hepatocellular adenomas + carcinomas in females, and skin schwannoma in males.  
Each of these tumors, except for the liver tumors and skin schwannoma, was 
significantly increased compared to the control groups, based on a pair-wise test.   
 
The FDA statistical review showed significant dose-response relationships for the 
following tumors, based on comparison to the water control group: acinar cell adenoma, 
carcinoma and combined adenoma or carcinoma in pancreas in both sexes, follicular 
cell adenoma in thyroid in both sexes, malignant schwannoma in skin in males, 
malignant lymphoma in males, adenoma and combined adenoma or carcinoma in 
adrenal cortex in females, hepatocellular adenoma in females, follicular cell carcinoma 
and combined adenoma or carcinoma in thyroid in females,  polyp and combined polyp 
or sarcoma in uterus, and carcinoma in Zymbal’s glands in females.  
 
The FDA statistical review also found significant increases in the following tumors, 
based on pair-wise comparison to the water control group: acinar cell adenoma, 
carcinoma and combined adenoma or carcinoma in pancreas in high-dose groups for 
both sexes, follicular cell adenoma in thyroid in high-dose groups for both sexes, 
combined adenoma or carcinoma in adrenal cortex in high-dose females, follicular cell 
carcinoma and combined follicular cell adenoma or carcinoma in thyroid in high-dose 
females, polyp and combined polyp or sarcoma in uterus in high-dose females, and 
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carcinoma in the Zymbal’s glands in high-dose females (see statisical review by Dr. Min 
Min). 
 
The FDA statistical analysis was summarized in the following table. 
 

 
 
The incidence of Zymbal's gland carcinoma in males was 1/62 (water control), 2/62 
(LD), 5/59 (MD) and 5/58 (HD).  Although the incidence of this tumor was not 
significant in either the dose-response or pair-wise test, the Executive CAC concluded 
that the increased incidence in the mid- and high-dose males was drug-related, based 
on the very low incidence of this neoplasm in historical control data. 
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PANE REAS

SDFT_TISSU E

THYROID GLANDS

THVROID_GLANDS

UTERUS

IYMBAL'S GLANDS

‘5 ADS MONA

W CARCINO‘M

AD ENQ’IAKARCIIICMA

PHEOCHRCNOCY‘TOMA_B+M

1M SCHHMN W, MALIG

#5 ADEMCHA, HEPATOCE
HEPATOCELLULAR
ADENWAOCARCIHCHA

#B GRAMULOSA CELL TU

35 ACEMOHA, AEINAR C
m cmcmom. ACINAR

Acmmiceuimsnovm
CARCINOMA
HIBERNOMAS

#B ADEMONA. FOLLICUL

8M CARCINOMA, FOLLIC

=OLLICULAR_CELL
AD EMMAl€ARCINMA

85 PCL YP , ENDOMETRIA
POLVP+SARC W
#1 CARCINOW‘

1 Z .334 8.539 6.715 8.627

8 1 .048 8.566 0.235 0.112
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The number of Zymbal’s glands examined in females was 63 (water control), 64 (LD),

65 (MD), and 62 (HD).
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The FDA statistician also performed analysis on the tumor incidences based on

comparison to the corn oil control and the combined water and corn oil control groups

(see review by Dr. Min Min).

The overall neoplastic changes were summarized in the following tables (Table $48 for

males and Table 850 for females, taken from the study report).

PROJECT NC. -71007M
SPONSOR : HYPER XON THERAPEUTICS

TMLE :43 (ALL ANIMALS - MALES)
A 24—HCNTH ORAL STUDY OF KPH-100 IN RATS

SLHHARY OF N-PLASTIC FHIDINGS
1

NUMBER OF ANIMAIS IN DOSE GROUP
NUMBER OF ANIMALS (ALL TYPES OF‘ DEATH CCHDINBD)

ADIPOSE TISSUE
MAL NLHBER EXAMINED
EXAMINBD. UNREMARKABLE

4'9 CARCIm. ACINAR CELL;PRESENT
PANCREAS

ADRKNAL CCRTBX
MAL NIMBBR BXAMINSD
EXAMINER UNPBMAPKARLR-#B ADBNOMR

lNCIDEh‘l'AL
SCHEDULED SACRIFICE

-NM CARCHDMA
INCIDBIH‘AL
FAN
SCI-BMBD SACRIFICE

ADIIRNAL MEDULLA
TOTAL NIMBER EXAMINED
EXAMINER UNREHARKABLE

>NB PHEOCHROMOCY’IW, BENIGNINCIDENTAL
SCHEDULED SACRIFICE

~88 PHEOC‘MIOMOCYTW, mMPLEl, BBNIQISCIEDULED SACRIFICE

----- MALE v . - . .
GROUP : 1 2 3 d

5 5 6 5 6 5 6 5
6 L I; '5 6 5 E -

NA 4 2 1
NA 0 0 0
NA 0 0 0
NA NA NA NA

6 5 6 5 6 5 6 S
l 7 2 n l K I 5
l l 2 l

NONE l 2 1
1 NONE NONE “ONE
1 D 1 l

NONE NONE NONE NONE
1 NONE I NONE

NONE NONE "ONE 4

6 5 6 S 6 S 6 5
5 3 5 l 5 3 S J

J 6 3 3
2 J 2 J
.l 3 1 “ONE
1 D 0 0
1 NONE NONE NONE

nib-MOS

é ”Nkmmflwnm

1— n m/Rn/nav—I :— n mfkc/MV-Q
NA - NCYI‘ APPLICABLE

1— 'm m/Kn/nAv I- :an MG/KG/DAV s— can Mn/m/mv
K - NEDPMSM, B - BBNIGN, M - MALIGNANT, S - METAS'IATIC

TABLE S48 (ALL ANIMALS - MALES)

Best Available Copy

PROJECT NO.: 71007" A 2c-mm4 ORAL STUDY OF NPN-IDO IN RATS
SPONSORflIYPERJON THERAPEUTIC}: SWY OT NBOPLASTIC FINDINGS

---- MALI ' - - - -
GROUP: 1 2 3 A

NUMBER OF ANIMALS IN DOSE GROUP 65 65 65 65
NUMBER OF ANINALS (ALL TYPES OF DEATH WIRED) 65 55 65 55
ADRENAL MEDULLA - CCNTIMJ'KD
-~H P'l-lEOOiROMDCY’I‘OMA, MALIGNANT 1 l 1 2INCIDENTAL NONE 1 NO"! 1

FATAL NONE WNB NONE NONESCHEDULED SACRIFICE I BONE l l

AORTA
mm. NIHBRR EXAMINED 65 65 65 65
BXAMINBD, UNREHARKABLE 60 62 61 62

-lfl HIBERNJMA, HALIUNANT 0 1 U 0
INCIDENTAL NDNB 1 NONE NONE

BONE
MAL MHRNP RXAMINRD 1 I NA 1
EXAMINED, UNREMARKABLE l 0 NA 0-~N OSTEOSARCOMA 0 0 NA 1

FATAL NA NA NA 1.
BRAIN

TOTAL N'lMBBP. EXAMINBD 65 65 65 65
lXAMXNED, UNREWLE 51. 45 49 54

~~B 0mm CELL MR. BENICN 1 I 4 0FATAL NONI DONE l NONE
SCHEDULED SACRIFICE 1 I. 3 NONE

1- 0 MG/KG/DAY-I 2- C MG/KG/DA‘I-Z
NA - NUT APPLICABLE
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TABLE 848 (ALL AIIHALS - MAI-BS)”one? RIO. 71007" A za-m ORAL STUDY 0? NPR-100 nu RATS m3 3
SPONSORH‘NPBRI THERAPEUTICS swam! (F NBOPLASTIC FINDIIGS

  NUIIBBR OP ANIMALS 1“ DOS! GROUP
men 0? ANIMALS (All. TYPES OF DEATH MBIIIBD)
BRAIN - “TUNED
4!! cm. SWIG!

FAN .083
am momma, mum

INCIDENTAL DONE
FATAL IONS
SOBDU‘LBD SACRIFICE BONE

DIAPHRAGM
MN.- MBR WIND
WIRED, mmm

-l6 WOW. ACINAR; PMCRBAS9mm
91an

MAI. man mama
mummy, mamamoo mum: 70 mm:

Wu mtmwmPAM "on!

RAM
m1. man WINE!)
EXAMINBD, UHRBMARKABLB

-I6 (111cm.- ZYHBAL'S GLAND
FREE)"

   
1- o MING/Duh]. 2- o mlxc/nm-z :- 70 HG/KG/ Y 4- 210 ICING/BM 5- 650 na/xc/mv

u - "norm", 3 - alums, n - mum". s - mnsmu:  
NA . NU! APPLICABLE

 
 

- TABLE 568 (ALL. AllMAL-S - MAL-BS)mm ID. 7100'"! A 24-HOIH'H ORAL STUDY OF RPM-100 IN RATS PAGE I
SPONSORIHYPBRION “RABBIT!” mu? 0? “GMT“: FINDINGS

----- MALI -----

GROUP. 1 2 J l 5
HOME“ OF ANIMALS IN DOSE GROUP 65 65 65 65 65
mm OF ANIMALS (ALL "PBS OF DEATH WBWBD) 65 65 65 65 65
371010011985
1m WEIR WIRED 65 65 65 65 65
WINE. WWW! 49 u 41 60 1'!

NS GROW, ACINAR CELL; PANCRRAS D 0 O 0 2pnsm m DONE BOMB KORE 2

EYES/OPTIC N.TOTAL “MEIR MINBD 55 65 65 65 55
WIRED, mm 58 57 61 59 53NH ransom, Amman-1c, mum 0 0 o o a

INIDINTAL IONS IONS m ms 2
HARDHIAN GLANDS

TOTAL “M888 WINS!) 65 65 65 65 65
WINE. W 47 M 48 44 31

-0M MOM, SOUAMDUS CELL 0 0 O l 0FATAL ION! HUN! I'ONB 1 NJ"!
mm-

1mm. mil EXAMINBD 65 65 65 65 65
WINE. mm: 13 13 13 18 10

4M BSUH-IBLIOHA. ATRIOQVAL, mxmm' D 0 l 0 0smmn SACRXFIC‘ IONI [ONE 1 NONE m
-fiS HIBBRNONA, HALIGNANT; SOFT TIESUB, ‘l'HOfiAX 0 1 0 0 1P1285251 ION! 1 NO"! NO“ 1

1- D HG/KGIDA‘l-l 2- 0 m/KG/DAY-Z 3- 70 Helm/DAY (- 2w HG/KG/DAY 5- $50 PUG/MID»!
u - mama, u . mum, : . MI'I'AS‘I'MIC
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- TABLE SOB (AL!- AIIHALS - MALES)
PROJELT ND 7100"! A 24-hour}! ORAL WY 0? HEN-1.00 IN RATS PAGE 5
SPONSORH'I‘IPERION THERAPDJTIG SUMMARY OF NBOPLAS‘I‘IC FINDINGS

 

 

NUMBER OF ANIMALS IN DOSE GROUP 65 65 65 65 65
NUMBER OF ANINAIS (ALL TYPES OF DEATH MINE!” 65 65 65 65 65
HEART - mN'I‘INU'BD
-09 LEIOH‘IOSAROONA; 9mm 0 0 D 0 I

WENT NONE NONE IONS NONE I
KIDNEYS

MAI. NJNBER WIRED 65 65 65 65 65
WIND), WRBNARKABLE l 5 3 5 9

-SB ADENWA 0 1 0 O 0"0:1me NONI 1 ION! IONS IRONS
le LIPOM 0 0 0 2 OGamma m1?!“ NONI DONE ION! 2 IONB
~35 oucocn‘om 0 0 0 0 IINCIDMAL NONE NONE NONE NONE 1
-ON mm 0 0 D I 0

SG-IED‘ULED SACRIFICE NONE IONE ION'E 1 NONE
LAC. mm 8X0!

MAI. NMBBR WIRED 2 NA NA NA 1
WIND, mu: 0 NA NA NA 0~19 mcmm. IVAN-'9 CIA“) 0 NA NA NA 1

PRESENT NA NA NA NA 1

l— 0 NG/KC/DAY-l 2- 0 m/KGIDA‘I-Z 3- 70 NG/KG/DAY ‘- 21.0 m/m/nm S- 650 NG/KG/MY
N - NEPLASN, B . BBNIGN, H - HALIW, S - NETAS'IATICNA - NOT APPLICABLE

TABLE 543 (ALL ANIMALS - MALES)
PM“ NO. 71007" A u-mm ORAL STUDY OF Hm-IOO IN RATS PAaE 5
SPONIORXHYP 1113!”me SUMMARY OF NIOPLASTIC FINDINGS

 
NLMBBR 0P ANIIIAIS IN DOSE GROUP 65 65 65 65 65
MEN OF ANINALS (Al-L TYPES OF DEATH COMBINED) 65 65 65 65 65
LIVER

MAI. NIMBER BXAHINED 65 65 65 65 65
BXAMINBI). UNRBMRKABDB 3 5 6 O 5

-IB ABNOHA. HBPA’IOCELLULAR 0 l 1 3 lINCIDENTAL NON'R l l NONE I
SCHEDULED SACRIFICE NONE NONI NONE 3 NONE

~53 Cl-DLANGIONA l 0 0 D 0
SCHEDULED SACRIFICE 1 NONE NONI NONE NONE

-UN mum, HEPANCELLULAR I 2 6 l 0INCIDENTAL noun NONI 2 1 NONE
FATAL NONE 1 J NONI NONE
603001-30 BAG!!!“ 1 1 1. mm NON!

-”5 "REM. HALIGNANT: SOFT TISSUE. IHOEAX 0 0 0 D lpneum- NON'R NONI NONI NONI I
-'S LEIONYOSARM; SMCH 0 (I 0 D lPRESENT NONE NONE NONE NONE l

LN, RENALMAL NUMBER WINE!) 2 I J 5 l
EXAMINED. WRENARKABLE 0 0 0 D 0-65 CARCINOMA: mm com 0 fl 0 1 0

PRESENT M NA NA 1 NA
4'5 HIBBRNOHA, "MIXWI 30” 1mm, THORAX o (I o l o

FRESH!” NA NA NA 1 NA

1- 0 MG/KG/DAY-l 2- 0 HG/KG/DAY-Z 3- 70 HG/KO/DAY l- 210 HUNG/DAY 5- 650 MG/KO/DAY
N - NNPLASN, B - BENIN. H - HALIGNAN’I‘. B - HflAS‘I'A‘l'ICNA - rm- APPLICABLE
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- TABLE 548 (ALL ANIMALS - MALES)
PM" NO. 71007“ A ZI-HON'I‘N ORAL STUDY 0? KPH-100 IN RATS PAGE ‘I
SPONSORd-IIPBRION THERAPEUTIG MARY 0|” NIOPLAS‘I‘IC FINDINGS

 NLIIBER OF ANIMALS IN 1305! cm 65 GS 65 65 SS
NLIIBBI OF ANIMALS (ALL TYPES OF DEATH ODMBINID) 65 GS 65 65 65
HUGS

MAL men WINE!) 55 GS 65 65
BXANINRD. W 37 2‘ 37 31

~“I mam. BmNUIIOLD-ALV'BOLAR 0 O O 0
INCIDENTAL NONE NONI NONE NONE

‘38 ”mam; SBNIN VESICLBS I 0 0 0PRESENT 1 NONI NONE NONE
'35 CARCINOMA: ADRENAL com 0 0 I 0PRISM NONE NONE 1 NONE
-#C FIBROSARM: SKIN 0 0 I 0PRESENT NONE NONE I NONE
‘88 HIBBRIONA, NALIGIANT: son TISSUE, WOW I. I 0 I.PERCENT ‘l I "out 1

LYNPH N003. BENDMAL NUMBER BXANIHBD 65 65 65 65
BXANINED, mm: 44 47 ‘9 47NOT PRESENT FOR EXAMINATIQI D n o a

-“S CARCINOMA, SOJAMOUS CELL; ”GUI D O o oPRISM NONI NONI NONI NONI
'35 CARCUONA: ZIMBAL'S OLA“) 1 0 0 0PRICE"! 1 NONE NONE NONE
-fl$ SWAN”, HALIGNANT: SKIN 0 0 0 1PRESENT NONE NONE NONE 1

1‘ 0 NG/m/DAY-l 2- D NG/KCIDAY-Z 3- 70 “GINO/DAY 4n 210 ICING/DAY 5- 65° NG/KG/DAY
u . NEOPIASN, M - HALIGNAN'I', S - HB'I'ASTA’I'IC

TABLE 508 (AH. ANIMALS - MALES)
PROJECT NO. 71007" A 2l-NONTH ORAL HUD? OP EPN-IOO IN RATS
SPONSOR: “WICS MARY OF NEPLASTIC FINDINGS

 
 mm 0? ANIMALS IN DOSE GROUP 65 65 65 65 65
NINE!!! OP ANIMALS (All. TYPES OF DRAIN MINE!” 65 65 65 65 65

LYNPH NODI. N38MAL "man WIND 63 SS 63 64 65
IXAMINBD, mm H 51 ‘7 42 ‘3100 AmYZID 'fl) BXAHIN‘I l 0 2 0 0
DUI mam FOR EXAMINATION 1 O 0 1 0

dis CARCIm. ACINAR CELL: PANCRBAS 0 0 0 0 IPusan NONE NONE noun NONE l
NBSBN'I'BRY

MAL NIMSBII WIND I 1 NA NA 1
EXAMINBD, UKRSHARKABLB 0 0 NA NA 0

-OS CARCIIDNA, ISLB'I' CELL; PANCRBAS 1 0 NA NA 1PRESENT I. NA NA NA 1
PAICRKAS

MAL N'LNBER BNXND 54 65 65 65 65
EXAMINID, UNEBHARKABLR 23 1‘ IA ID 2‘
For PRESENT FOR EXAMINATION 1 0 0 0 0

-l3 ADM, ACINAR CELL I. 1 0 3 B
INCIDKNTAL I. IONB NONE 3 2
SCI-HMO SACRIFICE NONE 1 DONE noun 6

-~I ADM, ISLE? cm 3 4 3 2 0INCIDENTAL 2 l 1 I NON!
SCI'BWLID mum I. 3 2 I NONI

1- 0 m/m/DAY-l 3- 0 uo/m/ww-z 3- 70 "GINO/DAY ‘- 310 ua/xo/uzw ‘- ‘50 Hallo/DAY
u - NWPLASM. B - BBNICN, S I "EMT“:NA - NUT APPLICABLE
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TABLE $48 (AU. ANIMAIE - MALES)
PWBC‘I' NO 71007! A 24-MONTH ORAL STUDY OF RPM-100 IN RATS PAGE 9
SENSOR!” MWMIG SUIHARY 0F NEOPLASTIC FINDINGS

  

 

 
   

  
 

GROUP 1 2 3 4 5

ms: OP ANIMALS IN DOSE GROUP 65 65 65 GS 65
ml 01’ ANIMALS (All. TYPES OF DEATH mum» 55 65 65 65 65
PANCRRAS - CONTINUED
am mum MINA! cm 0 o o o s

rucmarm. NONE NONE NONE NO"! 2
am. no"! NONI NONI “can :
SCHEME!) SACRIFIG NONE NONE NONE NONI 2

van CARCWOflA. 13m CELL 4 2 0 0 oINCIDNTAL 2 1 NONI NONI NONI
FATAL 1 NONE NONE NONI NONI
SCHIDILED sacnncs 1 1 Noun NONI NONI

Hummus
mm. mm BXAHIH‘BD 6! 58 $2 59 61
lawman, mush: u 46 u so 5‘
100 AU'NL‘IZBD 10 WINE 1 0 O o 9
nor mssm mp smtm‘nm 3 7 a 6 ¢

me ”mom I 1 o o 0summer: SACRIFICE \ 1 m noun NONI
PITUITARY

mm. man must: 65 65
EXANINBD, unnammm 23 2'!

— “B ADRNOIIA, DARE DISTALIBINC[Om
FATAL

   1- D MG/KG/DAY-I 70 “Gin/DAY l- 210 Milka/DAY 5- 550 HG/KG/MY
I - NIOPLASM. B - BENIGN. M - MALIHANT

TABLE 548 (ALL ANIMALS - MALES)
ma NO. 71007" A Zl-WIITH ORAL HUD? OP HPN-IOO IN RATS PAGE 10
SPONSOltflYP THERAPEUTICS SWAIN 0F NIDPLASTIC FINDINGS

  
NUMBER OF ANIMALS IN DOSE GROUP 65 65 65 65 65
NUMBER OF ANIMALS (ALL TYPES OF DBA'IH MBIIBD) 55 65 65 SS 65
PITUITARY - CONTIWBD
"B ADKNOHA, PARS MBWIA

swamp SACRIPIG
4m mum, PARS DXSTAIJS

FATAL
SCHEDULED MXPIG

PRIPU'HAL GLADE
MAL WEBR WINBD
WINBD. 1!“!meNUT PRESENT FOR EXAMINATION

'flB ADINOHASCHEDULED SACRIPIG
PROSTATE

TOTAL HUBER EXAMINED
WINED. MMIHILI

-”H ”WOW
FATAL

4m LBIOHYOSARCOHA
SCHEDULED SACRIFICE

—#S ADENOCARCDIM; SBHINAL VBSIQIBS
PRESENT

  
1- 0 IOG/KG/DAY-l. 2- O MING/DAYQ 3- 70 NG/KG/DA‘I 4- 210 MG/KG/DAY 5— $50 MG/KG/DAYU - NDOPLABM, B - amen, M - HALIGNANT, S - HSTAGTATIC
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TABLE 548 (All. ANIMALS - MALES)

 

PIMICI' NO. 71007" A 24-MCN'I'H ORAL END“! OF INN-10° IN RAT: PAGE 1!
sponsonzmnxou mwmrcs W? or “nevus-rte rmms

----- MALE
mom: 1 2 3 4 s

MEIR OF MIMI-S IN DOSE GROUP 65 65 65 65 65
man or mxm mu. was or nan-1 muss: as ss es :5 as
s». ouwn mm

TOTAL NINBBR BXAHIN'ED 65 65 65 55 65
WIRED, UNRWKABLE SI 63 65 54 62

-US summon, MALIGNANT; SKIN O 0 O 0 1PRESENT nous noun no": loss 1
SDIINAL MIME

mm. man must) cs 65 as as as
WIRED, W 52 50 ‘7 £9 ‘9

4m wwocmcnm 1 o o o oFATAL 1 NONE NONE m m
-us mmcmom; mos-rm: o o 1 o a

9mm mu m 1 m noun
sum» mscu:

MAL WK EXAMINBD 55 65 SS 55 65
mm, mm 43 37 as 46 53-Hl| sum, WDIWSNTIATED 1 0 0 0 Omanna-m. 1 m nous nous noun

-" gunman. «arm 2 D 0 O 0
mm. 1 sons nous IONS NON'B
sex-swan sacrum: 1 son: now: Iona m

-us mum, 11cm c511..- 9mm 0 o o o 1
9mm non: nous nous Ion: 1

1- O MING/DAY-l 2- D MG/m/BAY—Z 3— ‘70 MG/KG/DAY 4- 210 MG/KG/DAY 5' ‘50 MING/DAY
N - NEOPLASH, H I warm, 8 - WTATIC

TABLE $18 (ALL ANIMALS - MALES)PROJECT N0 7100'"! A 2d-MON'I'H ORAL STUDY OF KPH-10° IN IATS Pm 12
SPONSORKHYPBRION 'I'HEIAPEUTIS SUMMARY OF N'EOPLASTIC FINDINGS  
 “BER 0F MIMI-S IN 005' Gm? 65
man OP ANIMALS (ALL TYPES OF DEATH mmm 65
SW NUSCLE - CONTIIUED
as HIBRW. MALIGIANI‘: son TISSUE, THORAX

PRESENT

 

5°
SKIN

MAL NUMBER BXAMIIIRD
BWINBD. UNREmRMBLBNW PRESENT FOR BXAHINATIGI

-OB ADBNOHA, SBMOUB CELLINCIDENTAL
SCHEDULED SACRIFICE

-9B FIBROHA
INCIDEWI'AL
FATAL
SCHEDULED SACRIFICE

~35 KEMTOACAN'H'ICHA. BBNIGN
INCIDENTAL
gamma SACRIFICE

-#B LIPOMAINCIDENTAL
-#B NEURAL (3391' MR, IENIGNINCIDENTAL
-RB PAPILIDMA, SOJANOUS CELL

INCIDENTAL
SCHEDULED SACRIFICE IONE "ONE

1- 0 HG/lG/OAY-l (I MG/m/DA‘l-Z :- 70 m/KG/DAY 4- 210 MIKE/DAY Sv 550 MIN/DAY
N I vausfl, B - BENIGN, S - NHAS‘IATIC

mm Null

Igon \Ile-II-Ibb-54qua
I:

O

.1~§o§oagogonnugwuguwggoo :
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TABLE S" (ALI: ANIMALS ~ MALES)war “0 71007" A 24440” cm STUDY OF HEN-100 IN RATS RACE 13
spouscmmp mmmrcs sum»? or mopwxc anmcs

----- mu: -----
anoupx 1 2 a 4 s

man or mum m D08! am 65 65 55 as
WA or mum (ALL 17935 or bum comma) as 65 as as
SKIN - CONTINUED
-iB TRIGIOBPI‘I'HELIOMA

SCIEDULRD SACRIFICE
-UH cmcmom, BASAL CELLINCIDENTAL

SCHEDULED SACRIFICE
-#N CARCINOMA, SW8 CELI-SCHBDULBD SACRIFICE
-UM PIMOSAECGM

INCIDENTAL
FATAL
SCHBDULED SACRIFICE

-W NYXOSARM
INCleAL
FATAL
SCKBDULRD SACRIFICE

-“ OSI'BOSARMA
INCIDENTAL
samnuuzb SACRIFICE

JIM Sd-MANNOHA. MLIONANT
INCIDENTAL
FATAL
SCHEDULED SACRIFICE

-US LBIOHYOSARGDMA; MC}!PRESENT

l- 0 MC/DG/

gflgowv—Mgo
5flag—u.-
S
S«goal-1H  
u—p—g 

KG/DAY HG/KG/ 50 /
I . NBOPLASH, B - BBIIGN, M - MALIGNAM, S I HETASTATIC          

 TABLE 546 (All. ANIMALS - MALES)
PROJECT N0. 7100”! A 2PM ORAL STUDY OF RPM-100 IN RATS 9MB 14
SPONSORd-IYP mmmxcs SW 07 NDDPLASTIC PINDImS

 HUBER 0F ANIMALS IN DOSE GROUP 55 65 55 SS 6!
man 0? ANIMALS (ALL TYPES OF DEATH «143mm 65 65 65 SS 69

SO" TISSUE, ORIIO’I'Ah NIMBBR EXAMI'NBD NA 1 NA NA NA
BXAMIN'RD, UNRRMARKABLS NA 0 NA NA NA'8! 05mm NA 1 NA NA NA

INCIDENTAL NA 1 NA NA NA

SO" TISSIB- AB
MAL NINE" mum: NA NA m “A ‘
WIRED, W NA NA NA NA l

—#B HIRBRNDHA. BRIIGN NA NA NA NA 1INCIDENTAL NA NA NA NA 1
SOFT TISSLB- '0‘!

MA]. NUMBER EXAMINRD 6 2 1 l 6
BXAHINED, W 0 0 0 0 1

-N3 HIBBRNDHA, BUIGN 0 1 1 0 0FATAL NA 1 1 NA NA
'3N HIBBRNOHA, HALIGNANT 3 1 0 l 5FATAL 3 1 NA 1 5
SPLRW

101A]. N'LMSBR EXAMINRD 65 55 65 65 65
BXAMINRD, UNRRMARKABLS 35 37 )4 35 38

-lS mom. mum: ADRSNAL “Wt-LA 0 0 0 1 0
PRESENT NONE IONS NONE 1 NONI

1- 0 HG/KG/DAY-l 2- 0 HG/KG/DAY-Z 3- 70 MG/KG/DAY 4- 210 MG/KG/DA‘I 5- 650 NG/lG/DAY
9 . mum, a . nmmm, M . mum, s: . umsn'ncNA - NOT APPLICABLE

1 62
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TABLE SOS (ALL ANIMALS - MALES)PROJBCT NO. 7100724 A 24-min?! ORAL STUDY OF EDI-100 IN RATS ms 15
SPONSGIIHYP THERAPEUTICS SUMMARY OF NIOPI-ASTIC FINDINGS

 
   

NUMBER OP GROUP 65 65 is
man 0? ANIMALS (ALL TYPES OF DEATH COMBINED) 65 65 SS

smut, CLANMAL man EXANIm c; cs ‘6 a u
EXAMINED, UIRBHARKABLB 56 53 57 57 5;

4m LEmmosAnoom o a o o 1
PA'IAL IONE NONE NONE NONE 1

ms CARCINOMA, ACINAR CELL; PANCRBAS o o o o 1PRESENT NONE NONE NONE NONE 1

mm, muMAL NUMBBI BXAMIICD 65 SS
WIRED, unummu s. s;

-NN QRCINOHA, SW5 CELL 0 0SCHEDULED SACRIFICE NONE NONE
-NS CARCINOMA, ACINAR CELL: PANCRBAS 0 0PRESENT NONE NONE
SYSTEMIC mus

MAL. NUMBBI EXAMIIID 6 ¢
WINBD. WWW“ 0 0—n "amazon 0 1

SCHEDULED SACRIFICE NA 1.
4th mum, 3mm: 0 1SCI‘BDO'LBD SACRIFICE NA I
4»: names ms‘nocmu, mum 2 oINCIDENTAL NA NA

FATAL 2 NA
SCHEDULED SACRIFICE NA NA
   
L O MCI/KO/DAY-l 2- 0 MG Ito/DA‘LZ J 70 Balm/DAY l- 2L0 m/KO/DAY 5- 650 Hallo/DAY

U I NBDPLASN. B o BENIGN, II - NADIGNANI', S . IETASTATIENA - m'r APPLICADLR

 
TABLE 548 (ALL ANIMALS - MALES)

 

PRQIEC'P m. 11007" A Zl-ML'NTH ORAL ENJOY OP HPN-IOO IN RATS PM}! 16
SPONSOR: THERAPEUTICS WY 0? NDOPLASTIC P13011338

..... m3 .....
GNU l 2 J 4 5

MBA OF Alum IN DOSE GROUP 65 65 65 65 65
man OF Alum (ALL TYPES OF DEATH calamm 65 55 65 65 65
SYSTEMIC WHOM - CONTIMJBD
-#N WIOSARCONA 1 O 0 1 0

FATAL 1 NA NA NA NA
SO-IBDULED SACRIPIG NA NA NA 1 NA

-UK LYHPHOHA, "ALIEN-ANT D 2 0 1 3
FATAL NA 2 NA 1 3

-ON MBSO'I’HBLICMA, MALIGNANT l 0 0 1 0INCIDENTAL 1 NA NA NA m
EC'HRI’IULBD EACHIPICE NA NA NA 1 NA

4"! SARCOIM, HlsTXOCY‘HC 2 l 2 2 5INCIDENTAL 1 NA NA NA NA
FATAL 1 I 2 2 5

TAIL:
MAL NlMBER EXAMINBD 28 20 23 22 29
MIN”). W O 0 I. l 1
HUI PRESENT FOR EXAMINATION 0 1 0 1 0

4'3 WWW, mic“ 1 o o o 1
SG'BDULBD SACRXPIG 1 NA NA NA 1

-#B NEURAL CRET TUMOR. BENIGN l 0 0 0 0
SCHEDULED SACRIFICE 1 NA NA NA NA

1.- 0 NC/m/DAY-l. 2- 0 NG/KG/DAY-Z 3- 70 MG/KG/IJAY l- 210 NG/Kc/DAY 5- ‘50 MING/DAY
0 . NEOPLAEM, B - Baum", H - HALIGNANTNA . No1- APPLICABLE

1 63
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TABLE 946 (m ANIMALS - m5)PROJEC’ NO. 11001" A ”mam-u ORAL 5WD? 05' "DH—I00 IN RAT: PAGE 1'!
BPGISOL'HY THERAPEUTICS SWAIN OF NHOPUIHIC FINDINGS

 
NUIBER OF ”limbs IN DOSE GROUP 65 65 65 65 65
NUMBER OF ANIMLS (ALL TYPES OF DEA‘fiI CCHBIIED) 65 65 65 GS 65
"HES

mu. mun 3mm“) ‘6 £5 £6 £6 6:
WIRED. NEW 52 49 51 49 46

-IB INTERSTITIAL CELL WIDE, BENIGN I 2 l 3 2
INCIDENTAL NONE NONE NONE I 2
SCHEDULED SACRIPIG l 2 I. 2 NONE

-#B SEKINOMA, BBNION 0 1 0 0 0INCIDENTAL NONE 1 NONE NONE NONE
'I'H‘IHUS

MAI. mill WIRED SA SA 61 65 SJ
WINED. WE 2 I J l 1
100 MOLYZED 1U EXMIIB 0 0 1 0 O
1001‘ PRESENT FOR EXMINAI'ION I I. I 0 2

-NB m, BENIGI 0 0 0 0 1INCIDENPAL NONE BONE NONE NONE 1
4m CARCINOMA, SQUAMOUS can. 0 0 0 0 1INCIDENTAL NONE NONE NONE MON! 1
-NH 1mm. MLIQIANT 0 I) 0 1 0SGHDUBD MIFIQ NONE DONE NONE I NONI

muons GLAND:
MAI. NUHBER WIND 65 65 65 65 65
WINED. W 17 19 17 19 19

-fl3 ADM, C-CELL 5 7 3 7 I
INCIDENI‘AL 2 7 2 3 2

DONE 1 I 1SCHEDUIBD SACRIFIG 3

1- 0 m/m/m-x 2- 0 m/KG/DAY-Z 3  
  

70 m/m/ww l- 210 MG/KOIDAY 5- 650 Malta/um
5 n NBOPIASM, B I BENIGN, M I HRLIW

 
TABLE 548 (ALL ANIMALS - MALES)PROJECT NO 671007" A ZI-MCN'I'H DEAL VII-[DY OF KPH-100 IN RATS VIBE 18

SPGISORHII‘I THERAPEUTICS swam 0F NWPUSTIC FINDINGS
~ MALI

 65 65
NUDBER OF ANIMLS (ALI. TYPES OF DEATH CCHBIHED) 65 65 65 65 65
THYROID (HANDS - MINUED
48 ADM, FOLLICUIAR cent. 0 1 J 3 6INCIDENTAL BONE I 2 Z 5

ammo SACRIFIG ION! ”ONE 1 I l
v“! CARCINOMA, C-CELL 3 0 0 D lINCIDENTAL 1 “ONE m NON! 1

Sd-IIDULED SACRIFICE 2 NONE NONE NONE NOB
~3H CARCINOMA, FOLLICIILAR CELL 2 2 1 l 1INCIDENTAL BONE 1 1 I NONE

Gd-IIDUIED SACRIFICE 2 1 NONE MON! 1
mo:

MAL ma Emma 65 65 65 65 65
WIRED, mmmu; 63 62 63 63 6‘

4m CMCINOHA. CW: 81.!- o O o D l
FATAL NONE NONE NONE NONE I

URINARY BHDDBI
MAI. NUMBER EXAMINID 64 65 65 65 6‘
EKAMIN'ED. W13 56 58 SS 58 56
1‘90 AmLYZE TO WINE 0 0 0 D I
m PRESENT FOR WINNION 1 0 o l) 0

~“B PHIL!“ 0 1 0 0 O‘6'an SACRIFICE BONE 1 NONI NONI NONI

l.- 0 NO/M/DAY—l 2- 0 HO/KB/MY—fi 3- 70 ”elm/DAY A— 210 “film/DAY S— 650 MO/KO/UW
X I NEOPLASM. B I BENIGN, H - HALIGIAN'I‘

TM“ 515 (AU. ANIMAIS - MAI-IS)

 

 

MINER NO 11007" A il-m om STUDY OF HEN-100 IN RN!“ 9MB 19
smuson: mmzuncs summ or mpmuc FINDINGS

mu; -----
GNU? 1 2 3 d 5

“LUBE! DP ANIW IN DOSE GEOUP 65 65 65 65 65
man 0? ANIMALS (ALL- TYPES OF DEATH MINED) 65 65 GS 65 65
Emil-'3 (LANDS

MAI. MIR EXAMINRD
EXAMINBD, UNREHARKABLE
m PRESENT FOR EXAMINATION

-8II WCIW
INCIDENTAL
FATAL:
SGBDU‘LED SACRIFICE 

'i- o na/Icc/DA 1

 
2- 0 HG/m/MY-Z )- 70 FIG/“IDA? 4- 21° m/KG/DAY S— 650 MIKE/DA!

u . NEOPLASN, II I MAI-1M 
P3512!!! . 35
07/12/2011

1 64
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1m :50 (ALL ANIMALS - m5)
Pmcr “0-110079 A 21-min" om 9mm OF KPH-100 m runs was 1spousonmnmou mmmxcs sumv or mpmsuc rmmns

 
NUMBER OF ANIMALS IN DOSE GROUP 65 65 65 65 65
NUMBER OF ANIFALS (ALL TYPES OF DEATH COMBINED) 65 65 SS 55 65

ADIPOSE TISSUE

 

 

1mm. "WERE WIRED l I 2 3 I
WINED, UNREMARKABLE D 0 0 D 1

-US SCIIHAPNONA, MALIGIANT: UTERUS O 0 0 I 0
PRES!" NA NA NA 1 NA

ADEBNAL CWTEX
TOTAL ms: EXAMINRD 65 ‘5 65 65 65
EXAMINED. UNREMARKABLE 4 3 3 0 3

-NB ADENM l 1 2 I 7INCIDENTAL 1 NONE 3 noun 5
SGIDULED SACRIFICE m 1 NONE l 2

-HN CAICIDUIA O 2 1 2 2
INCIDENTAL NONE NONE NONE 2 1
FATAL ME 1 NONE [ONE 1
SGBDULBD SACRIFIG m 1 1 NONE 1

-VS ADMCINOHA, MUCImUS: DUODEN'UM 0 0 l O 0Pusan WE NONE l NONE NONE
ADRENAL Hm

MAL MEI? EXAMINED 65 65 59 61 63
EXAMINED, W 52 61 56 SS 5']
nor PRESENT FOR EXAMINATION D O 6 4 2

-MB panama. EENIGN l 1 D 2 3
INCIDENTAL WE NONE BONE DONE 2
SGBDULBD SACRIFICE l 1 NONE 2 1

1- 0 m/m/DA‘I-I 2- 0 HC/KO/DA‘I-Z 3‘ 100 MO/KO/DAY ‘- 300 WING/DAY 5- 900 ”(Wm/DAY
U I NMPWH, B I BKNIGN, N I mlo‘nmrr, S - MKI'ASTATIC

NA . NUT APPLICABLE

TABLE 950 (ALL ANIMALS - mums)
PRNECI‘ NO 71007? A 24-14mm ORAL STUDY OF HPN-lOO IN RATS PAGE 2
SPONszflY THERAPEUTIC; SUMMARY OP NEOPLASTIC FINDINGS

----- I’EMAIR ---—-
1 2 3 l S

NUNBBR OF ANIMALS IN DOSE GROUP 65 55 55 65 SS
NUMBER 0? ANIMALS (ALL TYPES 0|? DEATH WIRED) 65 65 ES 65 55
ADRENAL HEW - MIMD
-I)I 051mm 0 0 0 0 I

INCIDENTAL NONE NONE NONE NONI I
-fil mm, HALIGNANT 0 0 a o z

INCIDEHAL NONE NONE NONE NONI I
SCHEDULED SACRIFICE NONE NONE NONE NONE L

EILR ”JCT
MAL NUMEE! EXAMINED NA NA NA 1 NA
EXAMINED. mmmw NA NA NA 0 NA

-“9 sum, NALIGNANT; UTERLS NA NA NA 1 NA
PRESENT NA NA NA 1 NA

BRAIN
MN. NUMBER WINID 65 65 65 65 65
EXAMINED. Wm“ 23 25 37 31 53

-IB CW CELL TUMOR. BENIOI 0 O 1 o o
INCIDENTAL NONE NONE I NONI NONI

-fil mm, NALIGNAI'I' I I (I 0 o
INCIDENTAL I NONE NONE NONE NONE
FATAL NONE l NONE NONE NONE

1- o Helm/[Mu 2- o Mo/KO/DAY-z 3- 100 Mama/my 4- 300 m/Kc/DM 5- 900 MO/m/nw
u . umvusu, a - sum". :1 . mum, s - MITASTATICNA - rm APPLICABLE

1 65
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TABLE 550 (ML ANIMALS - FEMALES)
PROJBCP NO. 11007? A 24-14mm ORAL S‘IUDY OP "PH-100 IN RATS PAGE 3
SPONSOR: “W165 my 0? NEPIASTIC FINDINGE

 
NIMBBR OP ANIMALS IN 50;! GROUP 65 SS 65

 

as 65
man or mums mu. mes op Dam-H mxnm as 65 65 55 55
CECUM

mu. "WEIR MINI]? E! 59 57 60 93
mm“, mm se 53 55 59 5:70° WY!” N mum: 6 G a S 6

41:: 5mm. mum, cuwu o o 1 o 11PERCENT NON'B ION'B 1 NONE NONE
ms swam, mum.- mRus o o o 1 a13mm pom: ma won: 1 m
canvxx

mm. NUMBER WINK]? 65 65 55 65 64
EXIMTmh, "'NPBMIPKIBLE ‘7 5n ‘5 <4 <1NOT PRBEBN'!‘ FOR WINK?!” O O 0 0 1

«a 6mm mm. mm. suntan 2 1 1 o 1I'NCI‘DWL m m 1 NONI 1
50130111130 sacnmcs 2 1 non: won: “on

an; LBIOHYOHA o o o o 1
mcmmn. mom: nous nous mm: 1

«a POLY? o 1 o o oLNCIDBNI'AL now; 1 now: none none
4m mm, Lunxmnmmno o o o o 1xncxnm now: '0“! NONI NONI 1
am scam, mxcam 2 o 1 a 1PA” 2 ION! "ON! 3 NONI

swamp mama: none none 1 s 1

1- o leB/DAY-l 2- o MGIKG/M‘l-Z 3- 100 name/1m 4- 300 Mama/1m s- goo none/nu
a - mm", a . amen, u . mum, s . METAS'MTIC

mm: :50 (Au. mums - FEMALES)PROTECT NO. 71007? A ZO-HONTH om STUDY 0' HPN-lOO IN RATS man i
SPONSOR: matures SUMMARY 0? unopus'rxc FINDINGS

camp 1 2 1 1 5
man or 11111111115 m Doss wow 55 as ss 65 as
man as mum um. mm: or 931ml 00111111131» 55 as $5 as as
cums». mus

mm. NIHBBI MIXED 62 64 55 65 6d
lawman, mmmu; se 59 $6 55 57HOT PRESENT POP IWINATIOI' 1 l o D 1

-NS 50mm, "ALICIA”; SKIN 0 O 0 0 19mm no“: "on: now: no": 1
com

117m. “was: 3x11141143» ss 52 65 55 65
mnnzn. mm: at 63 61 63 63100 WYZID TO WIN! 0 2 9 0 0

4:: 1.31m o o o o 1INCIDENTAL NONE NONE NONE NONE 1
4m mmcmom, mcmous o o o o 1PAN m NONI N011! NONE 1
as am, mxmn; cmvxx o o 1 o 09mm mm: m 1 “on: no»:
DIAPHRAGM

MAL “(MEIR mummy 1 MA I Z 2
mnmzn, mmmm o m o o o

-~B Anmoancxm, WEIROUS.‘ mu 0 NA 0 0 1vnzsm NA m m m 1
-fl£ WOW, KICYNOUS: DUDDENIM 0 NA 1 0 O

pnasm NA NA 1 NA NA

1- 0 W/m/DAY-l 2- 0 HG/KG/DRY-Z 3- 100 "GINO/DAY ‘- 390 IB/KG/DAY 5- 900 HG/KG/DAY
I I mm, B - BUIGN. H - HALIGIANT, S - WATICMA I NOT APPLICABLE

1 66
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TABLB 350 (ALL ANIMALS - FEMALES)PRWICF NO. 71007! A arm ORAL: STUDY OF MPH-100 IN RATS PM! 5
SPONSOR: mmmxcs SUMMARY or atomic FINDINGS

  
  

 
(Roll? 2

NUMBER OF ANIHMS IN DOSE GROUP 65 65 65 65 65
NUMBER OF ANIMAIS (ALL TYPES OF DEATH WEIRD) 65 65 65 65 65
DIAPHRAGM ‘ MIMI)
~l5 scan-mom, HALIGNANT: VIBRUS 0 NA 0 1 0

Pmm NA NA NA 1 NA
DUODBN'UH

mu. NLMBRE BXAMIN'RD 61 63 62 SI SI
EXAMINBD, mm 62 63 6). 6d 62100 AmYZED TO WIN! 2 2 3 X 1

-HH ADENOQRCINONA, MUCIhDUS 0 0 1 0 1FATAL NONE NONI I. NONE NONE
SCHEDULED SACRIFICE NONE ml NONI NONE 1.

W8
MM man EXAMINBD 1 I L I. m
WINID, UNRBWWLB 0 a 0 0 NA

-u8 NEURAL CREST TLMOR. BENIGN 0 0 0 1 NAINCIDENTAL NA NA NA I. NA
WT

MAI. N'LMBBR EXAMINBD 65 65 65 65 65
EXAMINBD, UNRRNARKABLB 35 30 30 22 17

-OH SCNNANNONA. WIGNANT 0 l 0 0 0INCIDENTAL NONE 1 NONI NONE NONE
-~S wmcxm, MUCINJUS; COLON 0 0 0 O 1

Pmm NONE NON! NONE NONE 1

1- 0 IG/KG/DAY-l 2- 0 IG/KG/DAY-Z 3- 100 m/KG/DAY 4- 300 WINS/DAY 5- 900 MIKE/DAY
N - NDPIMN. B - BRNIGN, M - mxanm. S - MmSTA'HCNA - N01l APPLICABLE

TABLE 550 (m ANIMMS - FEMALES)
PRMICI' N04 71007? A Zl-MONTH om STUDY OF MPH-100 IN EATS FIGS 5
SPONSQ :H‘IP NBWRU'I'ICS WY or NBOleIC FINDINGS

 NUMBER Ol‘ ANIMAL!) IN 000" GROUP CS 6‘; 65 CC 65
NWBBR 0F ANIMALS (ALL TYPES OF DEATH CCHBINED) 65 65 65 65 65
HRART - CONTINUED
-#5 mum, MUCIHOUS: DWDBNUN 0 0 1 O DPRESENT NONE MON! 1 NONI NON!
-"S WCENOWM WY GM") 0 0 0 l DPRESENT NONE NONI NONI I NONI
-IS CARCINOMA; Am UNITE)! 0 0 0 0 ).PRESENT NONE NONE NONI NONI I
It“

MAL NUMBER EXAMINED 60 60 56 57 60
EXAMINED. alumnus 59 60 5‘ 56 58100 IUNLYZID 1‘0 Milk 5 S 9 7 5
NOT PRESENT FOR BXMINATION 0 0 O l D

-fl§ SW, MIRIAM; CBIIVIX 0 0 1 0 D
PRESENT ION! NONE 1 NONI NON!

JBJUNCN
1mm. NUMBER mm!) 53 59 SA 50 S2
WINED. mm 50 58 52 I9 50100 AUTOLYZBD 1‘) Wm 12 7 11 15 13

am WOW 1 0 O 0 I.
SGBDULBD SACRIFICE 1 NONE NONI NONI l.

-#S 5mm, MICNANT: CBRVIX 0 0 l 0 D
PRESENT NONE NONE 1 NONI NONE

1— O MG/lG/DAY—l 2v 0 MG/KG/DAY-2 J- 100 ”IKE/DAY 4- 300 "Elm/DAY 5- 900 m/KG/DR‘!fl - mom, H - HALIGNANT. E - MB‘PAB’J‘A‘I‘IC

1 67
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TABLE 550 (ALL ANIMALS . my)
PM” NO. 71007? A Zl-m ORAL STUDY OF NPN-IOO IN RATS PAGE 7
fiPONEOMlND “MPEUI'NK EMMY OP mmxc "Inna:

 MIR 0? ANIMLS IN DOSE GROUP 65 65 65 65 ‘5
MIR 0! Alum (Au. mus OP DIRT)! mule) 65 65 65 65 65
KleE

MAL NW3“ BXMINID 55 55 65 55 55
EXAMINED, mm 1 I 11 11 10

'33 ADINOHA 0 O 1 O O
INCIDENTAL m NONE 1 ION! NONE

-SS ADHOCKRCINOHA, MUCINDIJS: DUODRN'L‘M 0 0 1 0 0PRESENT mm: NONE 1 NONE NONE
-fl5 ADBNOCARCINOHA; WY 0m 0 0 0 0 .l

PRESENT IDNB NONE NONE IONR l
LIVER

”PM mmn RXIMINID ‘§ SE ‘S i‘
WINBD, Hummus 6 9 9 4

-UB ADM, [437th 0 O 1 4
INCIDENTAL NONE NONE ION! 2
SGBDUIZD SACRIPIG m NONE 1 2

-ll DIOMNBIOM 0 0 0 1
INCIDENTAL IONS NONE IONS 1

ANN CARCINOMA, EBPAW 0 0 2 0INCIDENTAL IDNB NONE 2 NONE
JIM MWIOQRCXNOIA 1 0 o o

INCIDBNTAL 1 NONE IONS NONI
4‘5 CARCINOMA, ACINAR CBlL: DANCERS 0 0 1 1PRESENT IONS NONE 1 1

   fl - NEOPLAEM, B - BENIGN, H - mum, S - msnnc

 
TAIL! 9‘0 (AL-l. mm»; - mute)

amm- No. 11007: A 21-31mm om. sway or rum-100 IN mm was a
$901150:me THERAPEUTICS W? or mom-m: rmmms

----- Pm
mouth 1 2 3 t 5

NUMBER or ANIMALS IN D068 snoop 65 65 55 as $5
mama op Arum (Am. mas op can; counrnm as as as as s;
LIVER - COIH'IHJ‘BD
41s mam; Anmw. com-xx o o o o 1

menu nous noun NONE NONI: 1
~05 mm. mum; mm». new 0 o u o 1vusm nous NON: NONE Nom 1

IN, AxxumvMM "WEIR WIRED NA NA NA 2 NA
EXAMINED. W8 NA NA NA 0 NAm mum- you lawman-mu NA NA 1 o 1

as Anmocmcmom; my GLAND NA NA NA 1 NA
paesm NA NA NA 1 NA

LN, amount.MAL Nunan mums» NA NA NA NA 1
summer), mu: NA NA NA NA 0

as Anmocncmom, mcwous; comN NA NA NA NA 1
PRESENT NA NA NA NA 1

m, ILIACTOTAL Nun“: momma 1 NA 2 1 :
mansu. mmmw 0 NA 0 o 9

4m scmlANNouA, NALmNAN-r 0 NA 0 o 1
FATAL NA NA NA NA 1

1— 0 NG/KG/DNI-I 2- 0 MG/KG/DAY-Z 3— 100 "GINO/MY ‘- 300 HG/KG/DAT 5- 900 HG/XG/MY
N - mom, H - HALIGNANT, S - MBTASTATICNR I NOT APPLICABLE

1 68
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1m EEO (ALL ”XML: - 7mm)

 

 

name: no noon-v A amen-m om. may or ups-100 IN RATS ma 9
SPONSORX THERAPEUTTCS WY OP NMPLASTIC FINDINGS

----- mm: -- -

man 0? m mm m nose 0mm 55 as as ss 65
NUMBER 0? ANIMLG (ALL TYPES OF DEN!“ COMBIIBD) 65 65 65 65 65

LN, ILIAC - CONTDU'ID
45 nanosmm: ans 0 an o a 1PRESENT NA NA NA NA 1

us. momma.MAL NU'HBBR WINBD NA NA 2 2 I
WIRED, mummy: NA NA 0 II 0

-“S CARCINOMA; mum cum NA NA 0 II 1
Pusan NA NA NA NA 1

an. new”I‘LL NUMBER MIN'ED NA NA 2 NA 2
mm». W m M o m o

as mum. mm 0mm NA NA 0 m 1passm m m m m 1
ms

mm. mm: mm» ss cs 55
WINBD, W 37 37 ‘0

am mmcm, memos,- cown o o 0FREE“? NONE NONE NONE
-#s mmcmm my cum 0 2 1

mass»: noun 2 1
«HS wmcxm; UI'BRIS 0 0 0"mm Nona  
   
l- 0 NG/KG/DAY—I 2- O MG/KG/MY-z :— 100 HG/KG/DAY (- 300 MG/KG/DAY 5— 900 Melts/DAY

u - "poems", s - HBTASTATICNA - NOT APPLICABLE

 
TABLE 550 (Al-la MIMI-6 - m1

 

PRQTBCI‘ NO. 71007? A 2‘4”!!!“ ORAL S'IU'DY 0F HPN-IOO IN RATS PAGE 10
EPONSWIH‘I WWI“ SUMMARY OF mmzc FINDINGS

----- FEMALE -----
1 2 3 4 5

NUKBBR 0F ANIMLS IN DOSE GROUP 65 65 65 55 ES
NUHBBR 0? mum (Mb “P88 0? DBA'D‘I M83030) ‘5 65 ‘5 GS 65
W - cam-nun
-US CARCINOMA. C-L'RLL: “YROID 1 0 0 0 0PRISM 1 ION! NONE NONE NONI
-“8 MGM; ”RENAL CORTBI 0 1 0 0 1

PRESENT KORE 1 NONE NONE 1
-NS PIBROSARM: DANS 0 0 0 D 1

PRISM m IONS NONE NONE 1
'05 14mm. HALIGMNT: SOFT TIES”! mm 0 0 0 0 I

PRESENT DONE IONS NONE NONE l
4’8 SMOOHA, WDIPPBHBN'HA'I'BD: BOP! szm, THOMX 0 o 1 D d

PRESENT NONE IONS 1 NONE NONE
~Ifl 9mm, mum,- SKIN 0 O 1 I 0PRESENT NONE NONE l l NONE

LYIPH NODI, HAND
MAL NW3! BXAMIKD 65 65 SS 65 65
MINBD, UIIRBHARKABLB 38 I1 51 4‘ 39

-38 WCINOHA; WY m 0 0 0 0 1PRESENT NONE IONS NONE NONE )

LYNN DIODE, NBSm NUMBER WIRED 65 65 65 64 55
WINBD. mammu: 37 36 ‘6 42 4]
m PRES“ FOR EXAMINATION 0 0 0 1 0

-“8 serum. MIMI CKRVIX O O 0 I 0PRESENT ION! ION! NONE 1 NONI

:- o MING/DAY'J. 2. o m/m/DAY-z :- zoo mum/m! !- soo "elm/um s- woo "GIN/DA!
N - NEDPLASH, S - WA‘HC

1 69
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TABLE 550 (AL!- ANIHALB - m5)
9mm- NO 71007? A 24-Hour?! ORAL STUDY OF HPN-lOO IN RATS MB 11
QPONQOR. MWMICQ WY OP "comm PINDIIOS

FEMALE
 
 

 

 
GROUP 1 2 3 4 5

men 0? ANIMALS IN DOS! GROUP 65 55 55 65 65
mi 01" ANIMALS (ALL: TYPES OF DEATH MINBD) 65 65 65 65 55
W 0WD

TOTAL NUIEBR WINBD 65 65 65 65 65
WINID, Immmu 21 24 1° 20 31

-NB mm 4 4 2 1 5
INCIDDI'I'AI. 2 3 2 1 l
SCHEME-3D SACRIFICE 2 l NONE NONE 1

-'B PIBROADENOHA 30 23 36 32 20INCIDENTAL 16 13 17 18 13
FATAL NONE l I NONE 1
SOBDULBD SACHIFXCS I. 9 1G 1‘ 6

—”B L190!“ 0 0 1 0
INCIDENTAL NONE NONE 1 NONE

-W WWCW 9 9 12 12
INCIDENTAL 5 3 5 5
FATAL NONE 1 1 A
SOBDULBD SACRIFICE I 3 6 3

"ISBNTERY
TOTAL ma: mums!) 1 NA
WIN“), mammals 1 NR493 LIFO!“ 0 NA

SCHEDULED SACRIFICE NA NA
-~S MGM. NUCIIOUS: WOW 0 NA

PRESENT NA NA  
-l- D MG/[G/DAY-l 2- o MG/KG;BAY-2 3- 100 MIKE/DAY £- 300 m/KG/DA‘! S- 900 MG/KG/DAYC - NMPLISM, B - BBNICIN, H - MALIGNANT. S - NFI‘AS'J'ATIC

 

M - M APPlACAELB  
TABLE 850 (ALL ANIMALS ~ PMS)PROJECT no noon A u-uom out. may or uni—100 IN RAT: was 12

SPONSORMY mwmxcs SUMMARY OF NBOPLASTIC FINDXIGS

 

 

“UNDER 0? ANIMLS IN DOSE GROUP 65 65 65 SS 65
NUNBBR OF Arum: (ALL TYPES OF DENIH COMBIIBD) 65 65 55 SS 55
"SSW? - MIND
JD: CARCINOMA: ADIRNM. COM?! 0 NA 0 o l

PRESENT NA NA NA NA 1
-US 8mm. HILIGNANT: CIRVIX 0 NI 1 0 0

PRESENT NA NA 1 NA NA
<35 SCINANNOMA, HILIGNRNT: UTBRUS 0 NA 0 L OPRESENT NA NA NR 1 NR
OVARIIS

101m. NUNBBR EXAMINID $5 65 65 SS 65
WINED, mm 29 33 22 30 23

-UE ADM 0 1 O 0 1SCHEDULED SACRIPIG It!!! 1 ”ONE NONI l
-#B GRANUMSA CRLI. MGR, BENIGN 0 0 l 0 3INCIDENTAL NONE “ONE 1 NONI 3
-HB LEIOM‘IOMA 0 1 O O D

swamp SACRIPIG IONS l. NONE NONI NONE
-~B mm. BNIGN 0 0 0 0 2INC! DMAL NONE NONE NONE NONI l

smmn SACIH'IG NONE NONE NONI NONI 1
-NH THICOHA. MIMI" 0 1 0 0 0IA“ ION! 1 NONI NONI NONI
-US mmcmom. "1me C010“ 0 0 0 0 I.

PRESENT NONE NONE NONE NONE l
  
 l- O MIKE/DAY-l 2- 0 DIG/KG DAY-2 3- 100 MG!

NA - NOT APPLICABLE
Y 4- 3 O Hfl/KG/DAY 5- 900 HG/IG/MY

I - NDDPLASM, B - SENIOR, H - HALIGNANT. S - mas'mnc

1 70
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TABLE 550 (ALL ANIMALS - FEMALES)
vnmcr NO. 71007? A 2‘40"“ ORAL SWDY OP KPH-100 IN RATS PAGE 13
BPONBOR:HYP -“ THRWBUTICI sump.“ OP NmPLAETIC "norm 

 NUNBBR OF ANIIAIS IN D063 GROUP 65 65 65 65
NUMBER 01' ANIMALS (ALL TYPES OF DiA'fl‘l mun) 65 65 65 65
OVARXBE - WIMP
~l$ WCINOMA, wcmous; DUODWH D 1 n Dnasal" m 1 Ion: no":

PAICRBAS
MAL. NIMBBR BXAMIISD 65 65 55
WINBD, UHRSNARKABLB 48 48 33-HI mm, ACINAE GL1.- 0 0 6

INCIDENTAL NONE IONS 3
80.00180 MGR!!!“ NONI ION! J

-#3 Am, 15m m 2 2 0INCIDENTAL ION! ION! no»:
SGBDULBD SACRIPIG 2 2 IONB

-III GARCIm. MINA]! CELL 0 2 6
INCIDENTAL IONS ION! 3
FAN IONS l I
SCUBDULBD SACRIFICE DONE 1 2

-fll CARCIImA, ISLE? CELL 3 0 0INCIDENTAL NONE IONS BONE
8(3st SACRIFICE 3 IONS BONE

-Il WCINOHA, WCINOUC; COMO" 0 0 1
9mm NONE NONE 1

-“S ADRNOQRCINONA. KJCINOUS: DLDDRMJN 1 0 0
PW“ 1 ION! BONE

  
1- 0 nc/ [NW-1 z- o Homo/nave :- 1oo na/xa/ 1r 4- 3 o poo/mm“ 5- 900 Hanna/my

u - mm, a - semen, n - mmmm‘, s - mum-mm

    

  
TABLE 550 (ALL ANIMALS . WEIWit—‘1' NO. 110077 A 24-Hour" ORAL CWDY 07 HON-100 IN RAT: PACE 1|

Stimson"? THERAPEUTICS 5mm! OF mmIC FINDINGS

GROUP: 1 2 J l 5
NUMBER OF ANIW IN D063 GROUP 65 65 65 65 65
NUMBER OF ANIMLS (ALL TYPES OF 0M1“ COMBIIBD) 65 65 65 65 GS
PMCKKAS - CUNTWUU
-IS ”MGM: "1'3le 0 0 O l 0

PRESENT NONE NONE NONE l NON!
-#S SCENANNCMA, MILIGNAN'I‘; CBRVIX 1 0 l l 0PRESENT 1 “ONE 1 ] NONE
-#S SOMANNOMA. "ALICIA“: WIRUS 0 0 0 l 0PRISM NONE NONE NONE l NONI
DANS

MAL "UNBER EXAMINRD 5 8 I1 11 17
WINED. W 0 o o o o
NUT PRESENT FOR EXAMINATION 1 D O D L

-0l FIIEOSARCCIA 0 O D D 1
FATAL NA NA NA NA 1.

PITUITARY
MAL NUMBER EXAMINED 65 65 65 65 SS
BXAHXNBD. W 1 2 I I 19

-”B ADM, PARS DISmIS 62 55 5! 52 31.INCIDKN'I'AL 6 A G 1: 9
FATAL 39 33 30 25 16
Emma SACRIFICE 17 17 22 1‘ ‘

-ua ADINOMA. PARS INTERNEIA O 0 0 1 0FATAL NONE NONE NONE l NONI

1‘ 0 HG/KG/DAY-I 2- 0 HOIKG/DAY-Z 3- 100 HGIKO/DAY ‘- 300 na/m/nm 5- 900 HG/KO/m‘l
B I NDOPLASN. B - BBNIGN. N - NALIGNANT. E - MHAS'J'ATIC

NA - NOT APPLICABLE

1 71
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TM 550 (ALL ANIMALS - FEMALES)PRWEC‘? NO. 71097! A zc-ucmu ORAL STUDY 0? AFN-100 IN RATS PAGE IS
SPOISOHXH‘! THERAPEUPIOS SWAIN! OF NEDPLASTXC PINDHES

 
GROUP x  

MRI! 0? ANIMLS IN DOSE GROUP
NURSE OP ANIMLS (ALL TYPES OF DEATH OCH‘BI’II'ED)

 

PITUITARY - (“WIRED
-flM CARCINOMA. PARS DISTALIS l 0 J 2 0

FATAL I. DONE 3 2 NONE
SAL. GLAND HAND

MAI. NUMBER EXAMINED 65 65 65 64 65
WINED, W13 63 63 62 62 6)1001' PRESENT FOR EXANINATION 0 0 0 l 0

'HM ADENOCARCIHOIA 0 0 0 O l
SQ‘BDUBD SACRIPIG NONE NONE NONE NONE 1

SKELETAL MUSCLE
MAL "INNER EXAMXNID ‘6 5‘ ‘6 ‘E 6‘
WINED, UNRENARKAILE 51 56 61 60 59

-IH SARCXJMA. INDIP'FERENTIA'I'ED 0 0 0 I 0
FATAL NONE NONE NONE 1 NONI

~R$ ADENOCARCING‘IA, NUCIIDUS; “DENIM 0 0 l U oPRESENT NONE NONE 1 NONE NONE
SKIN

TOTAL NWBER BXAMINED 65 65 65 65 65
WIRED, W 63 60 57 58 so

-35 ADM, SBBACEOUS can. 0 1 0 0 0INCIDENTAL NO“! 1 NONE NONE NONE
 

0 NG/KG/DAY-I 2- 0 leQ/DAY-Z 3- 100 ”GINO/DAY l- 300 "GINO/DAY 900 HOIKG/DAY
3 - NEON—ASH, B - BENIGN, M I MALIGNANT, S I HEIAS‘IATIC

 
mm: 550 (ALL ANIMALS - FMS]

PROJEL‘! NO, 71007? A zo-uarm ORAL S’fllDY OP KPH—100 IN RATS PAGE 16
SPONSORHHP mmamxcs sumx O! NEOPLASTIC FINDINGS

----- FEMALE - - - . -
GROUP: 1 2 3 4 5

MEN OF ANIMALS 1N DOSE GROUP 65 65 65 65 65
HUBER OF ANIMALS (ALL TYPES OP DEATH MINED) 65 65 65 65 65
SKIN - CONTINUED
~55 PIBROHA 0 0 0 1 l

INCIDENTAL NONE IIONE NONI 1 I
~NM mmomczm, SEEACDOUS CELL 0 O 0 0 lSCHEDULED SACRIFICE NONE NONE NONE NONI 1
-NM CARCINOMA, W3 CELL 0 2 0 0 DINCIDENTAL NONE I NONI NONE NONE

FATAL NONE l NONE NONE NONE
-HM FIBROSARCONA O 0 0 1 DFATAL NONE NONE NONE 1 NONE
le mm 0 0 0 0 l

FATAL NONE NONE NONE NONE I.
-NM cm, MALIGIANT 0 1 l 1 2INCIDENTAL NONE I. NONE NONE 2

FATAL NONE IIONE l 1 NONE
SOFT TISSUE— AB

TOTAL NUMBER MINID NA NA 5 1 3
EXAIHNED, 0mm NA NA 0 0 0~“B LIPONA NA NA 2 0 D

SGIEDULED SACRIFICE NA NA 2 NA NA
~HS ADNOCARCM, HUCINOUS: (DOWN NA NA 0 0 lPRESENT NA NA NA NA I.
-#S ADENOCARCM. HUClNOUS: DUODENIM NA NA 1 0 DPRESENT NA 1 NA NA
 
 

 1- o “CINE/Mid.
NA - NUT APPLICABLE

2- o Mc/KC/M‘l-l 3- 100 "CINE/DAY l— 200 NC/KC/DAY 5— 900 NC/KG/DRY
I I NEOPLASH, B I BENIGN, H I NALIGNANT. S - METASTATIC

1 72
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TAMI “a (ALL ANIMALS - FEMALES)

 

Phone} No 710071: A 21-11mm om sway or sum-100 IN mm ms 17
SPQISOllzfl‘IPERXDN 'IHBRAPBUTICS sunny or NaopLAs'rIc FINDINGS

----- ram
GROUP. 1 2 3 4 5

mm or mums 1N DOSE GROUP 55 as ss 65 65
mm o: mum: (Au. mac or 9mm comma: :s cs cs 6: cs
SOFT TISSUE- AB - COI'I‘IN‘U'BD
4: CARCINOMA, ACINAR c1111.; pANcms NA NA 0 1 1

13mm NA NA NA 1 1
4n; summon, HALIGIANT) cmvn NA NA 1 o omum NA NA 1 NA NA

son szm- 11-1
mu. Nunez»: ammo 1 NA 1 2 s
ammo. mammals 0 NA 0 o o

43 1111311110101, 3311on 1 NA 0 1 z
FATAL 1 NA NA 1 a

4m HIBBRNOMA. MALIGNANT 0 NA 1 1 2
FATAL NA NA 1 1 z

411 mm, wouraamn’m 0 NA 1 o o1NcmzN1'A1. NA NA 1 NA NA
4: ADINOQRCINONA, mcmws; 0000mm 0 NA 1 o omum NA NA 1 NA NA
spam. coup

MAI. man BXAMINID 65 65 as as 65
WINRD. (MRWKAILB 20 17 21 27 :2

4m summon, mmuN-r o o o o 1FATAL NON: sons NONE NONE 1

1- o NG/KG/DAY-l :— o HGIKG/MY-Z 3- 100 MG/Kc/mw 4- 300 MG/KG/DAY s— 900 Halls/DAY
l . NBOPLASH, a . 53mm. 11 . MALIGNANT, s . HEI'AS'TATIC

NA - NOT APPLICABLE

 
TAELB $50 (ALL ANIMALS - PHIL-RS)

 

PRWBCI' NO. 71007? A 2C-HQITH ORAL Sm? OF KPH-100 IN RATS PM}! 1!
SPONSOMHYP MICE my OF mPLASTIC FINDIIBS

----- FEMALE -----
GROU 1 2 3 I 5

man 0? ANIMALS IN DOSE GROUP 65 65 65 65 65
MIR OP ANIMALS (ALL TYPES OF DEATH C(NBMD) 55 65 65 65 65

SPLBBN
MAL man “MD 65 65 65 65 SS
EXAMINBD, UNREHARKABLB 16 13 14 8 11-'H OSTEOSRRM l 0 0 0 O

SOBDULBD SACRIPIG l NONE IONS NONE NONE
-“8 summer“, "ALICIA”; WERUS 0 0 0 1 0PRESENT ”NB IONS IDN'B 1 NONE

mum. GLAD!701A]- NUIBBR EXAMINRD 65 65 65 64 65
WIRED, UNRIMRKABLI 57 53 60 56 SA
’100 WYZED 10 WINE 0 0 0 1 0

-NB LBIWYDHA 1 0 0 0 0
INCIDENTAL 1 DONE IONS NONE NONE

41$ ADINOCARCINOMA, MUCDWS.‘ DUODKWN 0 0 :I. 0 O
PRESENT NONB IONS 1 NONE “ONE

4.: autumn, HALIQIANT; CERVIX o 0 1 0 0
PRESS"! NONE “ONE 1 NONE "ONE

-#8 9mm, "ALICIA”: {HERBS 0 0 0 1 O
PRESENT NONE NONE ION! 1 NONE

sysmtc 117.103
TOTAL mBR WIRED 1 3 3 5
WIRED, UNRSMARKABLS 0 0 0 0

-UN PIBROUS warm, HALIGNAN'I' 0 0 0 l"(6303!!!“ NA NA NA 1

       -l 2- O ICC/KG/DAV- - 900 Malia/DAY
I I mm, B - DENIM, M I HALIGMNT, S - METASTATICNA . NUT APPLIQBLB

1 73
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Tm! 850 (ALL ANIMALS - MRS)PRWBCI NO 71007? A 2km om STUDY 0!" HPN'lou IN RATS PARK 19
SPCNSORIHY THERAPEUTICS W 0? NEOPLASTIC FINDINGS

 NUMBER OF ANIMLS IN DC! GROUP 65 SS 65 65 55
NUMBER OF AN!“ (ALI. TYPES OF DEATH COMBINED) 65 65 GS 55 65
SYSTEMIC mus - COITIIUBD
-NM mxomm

“TAB
eel-amp SACRIPIG

-W LYNPHANGICSARMHA
FATAL

-NM hYllPHOMA. MALIMAIT
FATAL
SCREWED SACRIFICS

~03! LYNPHUIA, HALlGNAIT (LARGE GRANULAR LYHPHOCYTB)SCHEDULED “UNIV!“
'flfl MBSUI'HBLIG‘A. MALIGNANTINCIDBNTAL

SCHEDULED SACRIFICE
~IM mm, MEDIA CELL

8mm!) SAGUPIG
4m mm, HISTIOCY‘I‘ICFATAL

gowkgwwgciwwiogao §o§o~§~§o§§o§w§u Eogoggorwugvaofiww
TA“:

MAL W WIMP
WMD. W

-#B NEURAL CREST ml, DENIMSCHEDULED SACRIP G

N

HHoo
20

0
0

Eco; 
0 na/xa/mv-x 2- 0 MG/KG/DAY-Z 3- 100 leO/DAY 4- 300 MOIKG/DAY 5- 900 Balm/DAY

N . “BOW, B - SENIGN, M I mum 
NA - m APPLICABLE  

TABLE 550 (ALL ANIMALS - PMBS)WEI NO 71007! A 244mm: ORAL fl'I'UD'I OF FIN-100 IN RAT: m! 20
SPGISOIXHY THERAPMICS SW? 0? NNPLASTIC FINDINGS

 GROUPx
man 0? minus IN DOSE GROUP 65 65 65 65 65
MBR OP ANIMLS (ALL TYPES OF DEAN momma) 65 65 65 65 65
11mm:

MAL NUMBER BXAMINID 63 62 64 6‘ 65
BXANINBD. Wmu 2 1 l J 6
WI PRESENT FOR BXAIINA‘HON 2 3 ! 1 0

-UB mm, mum 1 0 D o o
INCIDENTAL l IONS NW8 NONI NONI

-'S ADINOCARCINOHA. NBCKNDUS] DUODSIIJH 0 0 1 o oPRESENT NONE IONS l NONE NONI
-IS ADINOCARCWOMM WY GLAND 0 0 0 0 l

PRESENT NONE IONS NONE NONE l
-t‘€ ADNOCAICW: U'I'IRUE D O o 1 a

PRESENT NONE IONS NONE 1 NONE
THYROID GLANDS

TOTAL NUMBER EXAMINED 65 65 65 65 65
WINBD. W 11 0 5 10 7

-U3 ADINOHA, C-CBLL 9 I 8 J 2INCIDENTAL I 1 5 I I
SCHIDUl-SD SACRIFICE 6 3 3 2 I

418 ADINOIIA. POI-1.1m can. 0 1 I 2 ,
INCIDENTAL NONE 1 1 NONE 5
SCHEDULED SACRIFICE m IONS NONE 2 £

-HM CAICINWA, C-CRLL 3 0 O 1 0
INCIDBNI‘AL 2 ION! NONI 1 NONI
FATAL 1 NONE NONE NONI NON!

"ii'a'fiikéfifiii'""ii'é'fiéfiéfifiié‘"'SI'IBB'fiéikéfifim"33‘Sié'fié}i&}fii§""Ei'ééé‘iéfiéhfi"""""""""""""""""fl - NBOPLASH. B - BBNION. H I MALIOMNT, S - HEPASTATIC
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Reference ID: 3222607



NDA 203,284 Ke Zhang

TABLE 550 [ALL ANIMALS - MS)
PRQIECT NO 7100'"II A ZC-m ORAL STUDY OF HEN-100 IN RATS PAGE 21
SPGISORx mmrcs MY OP NEDP‘LASTIC FINDIMS

 

 

NUMBER OF ANIMLS IN WSE GROUP 65 65 65 65 65
NUIBER OP mums (ALL TYPES OF DEATH NIBIHED) 55 65 ‘5 55 ‘5
THYROID (HANDS - comma
-IM CARCINOMA, POLLICULAR CELL 0 l 2 2 5INCXDMAL [DRE NONE 1 ! NONI

scrawny muse: noun 1 1 a a
mu:

MM: NLMBER WINID 65 55 65 SS 65
mammal). magnum 62 62 55 u 63

-IB PAPILIM, SOME ELL 0 0 0 O 1INCIDENTAL DONE NONE IONE NONE 1

URINARY BLADDER:01». man mum) 65 65 so 65 65
WINED. WHILE £1 56 60 55 56m msam FOR mezmron o o 1 o 0

-NB 0W (35L TUMOR. BENION 0 0 0 l 1Iwcmwm now new ION! noun 1
SGBWLED SACRIPIG [ONE NONE IONE I NONI

-IB PAPILlDHA 0 0 0 l O
SCHEDULED SACRIFIG [ONE NONE IONE l NONE

-“S CARCINOMA: ”RENAL max 0 0 0 l 0PRESENT [ONE NONE IONE I NONI

l.- D Ifi/Kfl/DAY-l 2- 0 m/KG/DAY-Z 3- 100 MING/DAY “ J00 m/KG/DAY 5- ’00 “Elm/DAT
h - NEDPLAEN, B - BENIGN, I! - MALIGMNT, S - METASTATIC

mm 950 (ALL ANIMALS - m)
9mm no 71007? A 24-mIm-I om s‘wnv OF rim-100 IN RATS PM: 22
SPONSMHH “{3me SUMMARY OF NDOFLASTIC FINDINGS

----- rm: -----
CROU? I 2 3 I 5

man or mum n! 00:! alum “ a :c <: c:
NUMBER OF Minus (Au. TYPKS 0P DEATH COMBINED) 65 GS ss ss 65
WIRUS

MIL “KNEE! WIRED 65 ‘5 65 65 GS
BXAHINED, UNRBMRKABLB (l 45 36 35 17

-88 mm, mm 0 0 D 0 1ammo sncuucs NONI room room not: 1
-RB LEIOHYM 0 0 D 0 1INCIDMAL noun NONI “om: no“: 1
-#B PUMP, MRI)“; smomu. 2 1 5 l 12lineman-nu. 1 1 2 1 s

SGBDULED SACRIFICE l NONE l 3 I
-fll WOW 1 1 D 1 2

FATAL NONI NONE NONE l 1
SCHEDULED SACRIFICE 1 1 NONE m 1

am mm, mmnm 51m 0 o u o 1
XNCIDMAL NONE NONE NON NOW 1

-“H 5mm, MSW O 0 D l O
FATAL NONE NONE NONI 1 NONE

4v: comm, mum: awn: 1 o n o o
PRESENT 1 NONI NW3 N098 NOW

NINA
MAL NUMBER WINED 55 65 GS 65 55
memso. wnsmm ss 59 55 61 56

-#B GPANULAR CELL TUMOR, BENIN! 0 0 D 1 I.mcxomu “on: NONI noun 1 1

l.- 0 MOIW/DAY-l 2- 0 Mlm/DAY-z )- 10° MOIKO/M‘l ‘- 300 NO/lw/DAV 5- 90° NG/KO/MY
8 - NEOPLISM, B - BEIIGN. H - NALIGNAN’I‘. S - MYI‘AS'I’RTIC

1 75
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0)“)PRWB‘TI' N0. 5710(7F
SPCNSOilzl-IYPERZON THERAPEUTIC‘S

NUMBER OF ANIMALS IN DOSE GROUP
NUMBER OF ANIMALS (ALL. TYPES OF DEATH COMBINE-I)
VAGINA - CCNTINU'ED
-“B LEIOHYOMA

INCIDENTAL
SCHEDULED EAK‘FTF‘TI‘R

-UB POLYP, VAGINALINCIDENTAL
FATAL

-UM CARCINDMA. SQUAMGUS CELLSCHEDULED SACRIFICE
-RM LEIOMYOSAECOMAINCIDENTAL
-*M SCHWARNOMA, mLIGNAN'.‘FATAL

SCHEDULED SACRIFICE
-flS ADENOCARCINOMA; MANHARY GLANDPRESENT
-NS FISROSARCOMA; SKINPREBN'T
ZYHDAL'C GLANDS

'ICYI'AL. NWBER EXAMINED
EXAMINED. UNPRMARKABLE
NUT PRESENT FOR EXAMINATICN

'NM CARCINDMA
INCIDENTAL
FATAL
SCHEDULED SACRIFICE

1- o nG/Ks/DAY-l 2- o MG/KG/DAY-Z :— 100 MG/KG/DAY

TABLE 550 (ALL. ANIMALS » FEMALES)A ZI‘NONTH OPAL STUDY or HPN‘IC‘O IN RATS
SUMMARY OF HEOFLAS'TIC FINDINGS

4- :00 MG/KG/EAY
fl - NEOPLASM, B - BENICW, H - MALIGNAN'I',

FEMALE -----
1 2

6 5 6 S
S S 6 S

0 l
NONE I.
NONE N0"?

1 O
NON E NCNE

1 NCNE
0 Cl

NONE NCNE
O O

NONE NONE
O 0

NONE NFNR
NONE NCNB

0 I
NONE 1

0 0
NONE NCNB

6 3 6 4
6 '1 l; 2

2 1
0 I.

NONE I
NONE NCNE
NON E NCNE

NONE
NONE

NONE

:— soo m/KG/DAY
S - MEMTATIC

manna;
07/12/2611

Ke Zhang

Best Available

COPY

Toxicokinetics: HPN-100 is rapidly converted to PBA (4-phenylbutyric acid) in the GI

tract. PBA is oxidized to PAA (phenylacetic acid). In rats, PAA conjugates with glycine

forming PAG (phenylacetylglycine). The plasma concentrations of the above mentioned

metabolites plus phenylacetylglutamine (PAGN), phenylbutyrylglycine (P86), and

phenylbutyrylglutamine (PBGN) were analyzed, and the toxickinetic parameters were

summarized in the following tables (taken from the study report). Plasma levels of P36

and PBGN were either at or below the lowest level of quantitation (1 ugImL).

Text Table 5. Summary of Toxicokinetic Parameters, PBA

Dosage tlw

 

 

Males

70 mg kg day 0.85 1
210 mg kg“day 1.77 1
650 mg kg “day 1.33 1

Females

100 mg kg “day 0.94 1
300 mg 'kg‘day 0.96 1

900 mg 'kg‘day 3.6 1

Males

7O mgckg ‘day 1.24 1
210 mg 'kg‘da)’ 2.21 l
650 mg kgday 4.54 1

Ennis;

100 mg 'kg‘day 1.86 l
300 mg 'kg'day 1.41 1
900 mg 'kg’day 2.60 1

Reference ID: 322607

16.1
22.4
195.9

21.0
44.9

223.6

14.8
37.1
34.1

41.3
123.9
120.4

Clan .AFCI,“

Studv dav 0

1.25 23.47
6.64 47.30
0.38 341.76

0.46 38.75
0.45 111.57

0.44 710.31

Study day 364

2.44 23.91
1.31 71.51
4.48 111.11

2.47 99.04
0.40 230.66
3.38 290.78

176

28.27
75.68
140.41

105.65
231.48
303.48
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Dosing Solution Analysis: The test article was a neat liquid, which was stable 
throughout the study period. 
 
 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 
Study title:  Fertility and general reproduction toxicity study in rats 

Study no.: MQY00011 
Study report location: N/A 

Conducting laboratory and location:  
Date of study initiation: September 10, 2007 

GLP compliance: YES 
QA statement: YES 

Drug, lot #, and % purity: HPN-100 / XA179 / 99.8%  
 
Key Study Findings 
 
Methods 

Doses: 0.65, 0.9, and 1.2 g/kg/day HPN-100;  corn oil 
was used as the control article 

Frequency of dosing: daily 
Dose volume: 0.59, 0.82, and 1.09 for low, middle, and high 

dose, respectively 
Route of administration: oral 

Formulation/Vehicle: Neat liquid 
Species/Strain: Rat/Crl:CD(SD) 

Number/Sex/Group: 25/sex/group  
Satellite groups: None 

Study design: See table below 
Deviation from study protocol: There were no deviations that had a significant 

impact on the study outcome. 
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The study design is shown in the tables below (taken from the study report). 
 

 
 
Male rats were treated with the HPN-100 or corn oil once daily beginning 28 days 
before the first cohabitation (with treated females up to 15 days), through the second 
cohabitation (with untreated females up to 14 days).  Treatment of males continued 
through the day before sacrifice.  Treated female rats were given HPN-100 or corn oil 
once daily beginning 15 days before cohabitation through gestation day (DG) 7.  The 
study design was summarized in the sponsor’s table below. 
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The major finding in this study was a small but statistically significant increase in 
embryo-lethality in the high-dose group.  Mating and fertility parameters were 
unaffected. 
 
Observations and Results 

Mortality:  There were no treatment-related deaths.  One low-dose male was sacrificed 
due to aspiration of the test drug.  All females survived to termination. 

Clinical Signs:  Salivation and chromorhinorrhea were noted in the treatment groups 
(males and females).  In addition, decreased motor activity, ataxia, and low carriage 
were noted in the high-dose females. 

Body Weight: The terminal body weights in males (91 day treatment) were lower in the 
treatment groups (~96%, 92%, and 88% of the control group value for low, middle, and 
high dose groups, respectively).  The terminal body weights in females (gestation day 
13) were lower in the treatment groups (~98%, 94%, and 94% of the control group value 
for low, middle, and high dose groups, respectively). 
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Feed Consumption: Food consumption was lower in the treatment groups.

Toxicokinetics: Not measured.

Dosing Solution Analysis: Not applicable.

Necropsy:

All mating and fertility parameters including sperm parameters and all estrous cycling
were not affected.

Pregnancy occurred in 23 (92.0%), 20 (80.0%), 23 (92%) and 23 (92%) of female rats

that mated with treated males in the control, low, middle, and high dose groups,

respectively. The number of viable embryos per litter was significantly reduced and the

number of non-viable embryos per litter and percentage of non-viable embryos per litter

significantly increased in the high-dose group. The results were summarized in the

sponsor’s table below.

TABLE BLB (PAGE L): CAESAREAN-SECTIONIl-IIS AND LITTER OBSERVATIONS - SLT-fl‘h‘sRY - TREATED FEYALE RATS

 
I 2: 1:: 1-.-

):- (1301:1131 ARTICLE) 2.65 0.9 1.:

113:5 25:52) :1 25 25 25 :5

exam: 21(1) 231 92.11:- ::( 92.0,) 23: 92.2) :3: 92.:)

RATS PREGI-Im-I'I x11:
catsmemesecncnen
CH DAY 13 :15 GESL‘A’ZION :1 :3 2: :3 :5

CCRPORA Lures) reps-115.1). ;€.'-‘ 1 2 9 1r 1 2 3 15 1 1 2 1 15.5 1 2 3

IXPLMCTATIONS £15153. ;5.5 1 3 4 15 z 1 2 . 14.3 1 2.9 14.1 1 3.: BeSt

17:131.}: amazes :1 333 25; :9; 257 Avallable

15.221152). ;4.5 1 3 9 11 ' 1 2 1 12.6 1 2.5 11.6 1 2.a~~ Copy21013::ABLE memos :1 23 3; 39 57
)EPChSJI. ;.3 1 1.3 2.5 1 1.2 1 —, 1 ; 4 2.5 1 - w

CAI-15 11:21 1111' nowzper-z
EERL’OS 11(1) :41 911.9; 17( 55.43:. 15( 75.3) 21) 91.3)
12:11-15 112291 ALI. 1102112213113
£51230: 21(1) :1 11.11:. :( 3.0:. c): :.3) 0: u:-.:)

12:11-15 112:3 V’IABLE memos 21(1) 231130.13:- ::(;::.o;. 23(1::.:) 23110135)

% 210215221311:
£11331 511111151 )EPChSJI. e."- 1 9.9 9.9 1 7.2 11 c 1 9.3 17.1 1 -22“ 

1:. £05.32]: occurred on day l of study through cla'j 7 of gestation.
H SLgnzficently different from the control group value (pilufila .
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9.2 Embryonic Fetal Development

Study title: Oral developmental toxicity study in rats

Study no.: MQY00008

Study report location: NlA

Conducting laboratory and location: “m

Date of study initiation: January 7, 2008

GLP compliance: YES
QA statement: YES

Drug, lot #, and % purity: HPN-100 / XA179 I 100%

Key Study Findings

Methods

Doses: 0.3, 0.65, and 0.9 glkg/day HPN-100; corn oil
was used as the control article

Frequency of dosing: daily

Dose volume: 0.27, 0.59, 0.82 ml/kg for low, middle, and high

dose groups, respectively
Route of administration: oral

FormulationNehicle: Neat liquid

Species/Strain: Rat/Cr1:CD(SD)

Number/Seleroup: 25

Satellite groups: 6lsexlgroup

Study design: See sponsor’s table below

Deviation from study protocol: There were no deviations that had a significant

impact on the study outcome.

The study design is shown in the table below (taken from the study report).

Assigned Rat Numbels

'_

_—_.-———

-E_—————

_——-_———
a. The test uncle was consulered 100% pure for the purpose of dosage calculations.

b. Rats assigned to toxicokmetic sample collecnon.

 
Pregnant rats were treated with HPN-100 at oral doses of 0 (corn oil), 0.3, 0.65, and 0.9

glkg/day during gestation days (DG) 7-17. The dose selection was based on the results

of the dose-ranging study (MQY00007). In this study, doses of 0 (control article), 0.65,

0.9, 1.2, and 1.5 glkg/day of glyceryl tri-(4-phenylbutyrate) (HPN-100) were given to
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pregnant rats during gestation days 7-17.  Significant clinical signs of maternal toxicity 
including ataxia, decreased motor activity, muscle rigidity, splayed limbs, low carriage, 
and cold to touch were observed at doses of 0.9 g/kg/day or higher.  Decreases in 
mean maternal body weights and fetal loss were noted at doses of 1.2 and 1.5 g/kg/day.   
In the present study, the most common fetal effect was the presence of a cervical rib at 
the 7th cervical vertebra.  This effect was dose-dependent.  The litter incidence was 
statistically significant in the middle and high-dose groups, and fetal incidence was 
significant only in the high-dose group.  Malformations were observed in the middle and 
high groups (3 and 2 fetuses, respectively), but were not statistically significant.  Mild 
maternal toxicity was observed in the middle and high dose groups, based on reduction 
in weight gain.  Reduced motor activity and splayed limbs were also noted in the high 
dose group.   
 
Observations and Results 

Mortality: No deaths occurred. 
Clinical Signs:  Decreased motor activity and splayed limbs were observed in the high 
dose group. 
Body Weight:  Body weight gains during DG 7-18 were reduced by 13% and 21% in 
the middle and high-dose groups, respectively, as compared to the control.    

Feed Consumption:  Food consumption was lower in the middle and high dose 
groups. 

Toxicokinetics: Plasma levels of the major metabolites of HPN-100 were measured. 
The toxicokinetic results are shown in the table below (taken from the study report).  
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Dosing Solution Analysis: Not applicable. 
 
Necropsy 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 
Fetal body weights were slightly lower in the middle (6%) and high dose groups (10%),  
as compared to the control.  There were no treatment-related effects on corpora lutea, 
implantations, litter sizes, live fetuses, early and late resorptions, percent resorbed 
conceptuses, and percent live male fetuses.  The results were summarized in the 
sponsor’s tables below. 
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Offspring (Malformations, Variations, etc.) 
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The number of litters with fetal alterations were 3 (12.5%), 8 (36.4%), 15 (65.2%) and

21 (87.5%) for the control, low, middle, and high dose groups, respectively. The

number of fetuses with any alteration were 3 (0.8%), 15 (4.6%), 38 (11.2%) and 82

(24.6%), and the percentages of fetuses with any alteration per litter were 0.8, 4.2, 12.6,

and 24.0 in the control, low, middle, and high dose groups, respectively. The results

were summarized in the sponsor’s table below.

 
 

   

    

TABLE :3 :FASE ‘_): EITAL ALTERATIONS — CESAREAII-DELZ‘EREII LITE E'EI‘SES (DAY :1 CE C—ESIAIICH) - SEE/ART

I I: III IV
CI ICOt-‘TROL ARTICLE) C.3 0.65 0.9

:1 2: 23': :4
‘ 3:3 32‘? 339 334
2: 3c3 3:“- 335 3:4

-‘ )2 CI 2 -3 CI

B_eSt . - III-l :‘ET’JSES WITH
Avallable ‘ ' -ERAIICN OSSER'IEZI 2M] 31 12.5; 5: 3:14;. 15( 65.2)“ EU easy--

Copy :"E'I'JSES KHz-i Air!ELTERATZOH DESI-REED >th 31 0.9:- 151 4.6:. 3H ;;..‘.J 32: 24.6)”

& FE‘L‘: 'n'IIl-I All?
" -ICl-IV'LI'S'IER .‘IIQJJJI. 2.3 t 2.3 4.: : 7.: 12.6 : L44" 24.0 t L65"

5 Dcsaqe occurred or. days "' :hrnzugh 1'? of gestation.
b. Excludes values fizz lure: 5964, whlch :mszstej :f only one dead fetus.
: ‘ Lies 1:: dead fetus were excluded from sandman-3r. and stetlsr‘rca‘. analyses. Observatmns 5:: tins conceptus are :Lteci

  -.:‘. Table :3.
" S;gn;:ican:;y dLESerent from the control group value |p31.01).

External alterations:

Gross fetal alterations occurred in 1, 1, 2 and 5 fetuses from 1, 1, 2 and 4 litters in the

control, low, middle, and high dose groups, respectively. The results were summarized

in the sponsor’s table below.
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The increase in the number of fetuses with gross alterations was mainly due to higher 
incidence of tail anomalies (short, threadlike) in the high dose group. 
 
Fetal Soft Tissue Alterations: 
 
One middle-dose fetus has interventricular septal defect and folded retina.  This fetus 
also had whole body edema as reported under external alterations.  One high dose 
fetus had undescended testes and other alterations such as short tail as described 
under external alterations. 
 
The results were summarized in the sponsor’s table below. 
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Fetal Skeletal Alterations: 
 
Malformations were found in three middle-dose fetuses and two high-dose fetuses.  The 
middle-dose fetuses with malformations included one fetus with a fused arch (cervical 
vertebrae) and a cervical rib present at the 7th cervical vertebrae, one fetus with a 
hemivertebra and only two caudal vertebrae (this fetus had other alterations such as no 
tail), and one fetus with a short digit and a cervical rib present at the 7th cervical 
vertebrae. 
 
The two high-dose fetuses with malformations included one with fused ribs, cervical ribs 
at the 7th cervical vertebrae, a 6th cervical arch that had the appearance (shape and 
size) of the 7th arch, unilaterally ossified thoracic vertebral centrum, and a small 
thoracic vertebral arch.  The other high-dose fetus had only two sacral vertebrae, no 
caudal vertebrae, and other alterations including a thread-like tail. 
 
The most common skeletal alteration was the presence of a cervical rib at the 7th 
cervical vertebra.  This effect was dose-dependent.  The litter incidence was statistically 
significant in the middle and high-dose groups, and fetal incidence was significant only 
in the high-dose group.  Thickened ribs and incomplete ossification of the pelvis 
occurred with low incidence in the high-dose group.  
 
The results were summarized in the sponsor’s table below. 
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TABLE 13 (PAGE 1): FETAL SKELETAI. ALTERATIONS — CAESARFAN—DELIVERED LIVE FETUSES (DAY 21 0F GESTATION) - SUMMARY
(See footnote: on the last: page of this Cable.)

 

DOSAGE GROUP I II III IV
DOSAE (EKG/DAY” O (CONNL ARTICLE) 0.3 0.65 0.9

LITTERs EVALUATED N 24 22 23b 24
FETUSES EVALUATED c N 187 169 177 173

LIVE N 187 169 176 173
DEAD N 0 0 ld 0

SKULL: PARIEIAL, INCOMPLE‘IELY ossn-‘IED
LITTER INCIDENCE 11(4) 0( 0.0) 1( 4.5) 2( 8.7) 5( 20 a)
FETAL INCIDENCE Nm 0( 0.0) 2( 1.2) 5( 2.0) 5( 2 9)

SKULL: SUPRAOCCIPITAL. INCOMPLETELY OSSIEIED
LITTER INCIDENCE Nm 0( 0.0) 1( 4.5) 0( 0.0) 01 0.0)
FETAL INCIDENCE Na) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

SKULL: FRONTAL, INCOMPLETELY OSSIE'IED
LITTER INCIDENCE NH) 0( 0.0) 0( 0.0) 1( 4.3) 0( 0.0)
FETAL INCIDENCE NH) 0( 0.0) 0( 0.0) 2( 1.1) 0( 0.0)

SKULL: MAXILLA, INCOMPLETELY OSSIFIED
LITTER INCIDENCE Na) 0( 0.0) 0( 0.0) 1( 4.3) 0( 0.0)
FETAL INCIDENCE Nm 0( 0.0) 0t 0.0) 1( 0.6) 0( 0.0)

SKULL: NASAL-FRDNTAL SUTURE, LARGE
LITTER INCIDENCE Nut) 0( 0.0) at 0.0) 0( 0.0) 2( 8.3)
FETAL INCIDENCE NH) 0( 0.0) 0( 0.0) D( 0.0) 2( 1.2)

CERVICAL VERTEERAE: CERVICAL RIB PRESENT AT THE 7TH CERVICAL VERTEERA
LITTER INCIDENCE Nm 0( 0.0) 7( 31.8) 14( 60.9)" 20( 133.3)"
FETAL INCIDENCE No) 0( 0.0) 8( 4.7) 27( 15.3) 73( 42.2)”

CERVICAL VERTEBRAE: ARCH, FUSED
LITTER INCIDENCE Nm 0( 0.0) 0( 0.0) u 4.3) 0( 0.0)
FETAL INCIDENCE NH) 0( 0.0) D! 0.0) 1( 0.6) 0( 0.0)

CERVICAL VERTEBRAE: 6TH CERVICAL ARCH HAS THE APPEARANCE OF THE 7TH
LITTER INCIDENCE Nm 1( 4.2) 0( 0.0) 0( 0.0) 2( 8.3)
FETAL INCIDENCE Na) 1( 0.5) 0( 0.0) 0( 0.0) 4( 2.3)”

CERVICAL VERIERAE: ARCH, INCOMPLETEL! OSSIFIED
LITTER INCIDENCE Nm 0( 0.0) 1( 4.5) 0( 0.0) 0( 0.0)
FETAL INCIDENCE Na) 0( 0.0) 1( 0.6) 0( 0.0) 0( 0.0)

N Significantly different from the control group value 3330.01) .
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TABLE 13 (PAGE 2): EEIAL SKELETAL ALTERATIONS — CAESAREAN—DELIVERED LIVE FETUSES (DAY 21 0F GESTATION) - SUMMARY
(See footnote: on the last; page of this table.)

 

DOSAGE GROUP I II III IV
DOSAGE (G/KG/DAY)E O [CONTROL ARTICLE) 0.3 0.65 0.9

LITTERS EVALUATED N 24 22 23b 24
FETDSES EVALUATED c N 107 169 177 173

LIVE N 187 169 176 173
DEAD N 0 0 1d 0

THORACIC VERTEBRAE: CENTRUM, BIFID
LITTER INCIDENCE Nu) 0( 0.0) 2) 9.1) 2) 0.7) 3) 12.5)
FETAL INCIDENCE NH) 0( 0.0) 2) 1.2) 2: 1.1) 4) 2.3)

THORACIC mmm: CENTRUM, UNILATEAILY OSSIFIE
LITTER INCIDENCE Nm 0( 0.0) 0) 0.0) 0( 0.0) 1( 4.2)
FETAL INCIDENCE Nm 0( 0.0) 0( 0.0) 0( 0.0) 1( 0.6)

THORACIC VERTEBRAE: ARCH, SMALL
LITTER INCIDENCE Nm 0( 0.0) 0( 0.0) 0( 0.0) 1( 4.2)
FETAL INCIDENCE NH) 0( 0.0) 0) 0.0) 0( 0.0) 1( 0.6)

IUMEAR VERTEBRAE: ARCH, INCOMPLETELY OSSIFIED
LITTER INCIDENCE Nm 0( 0.0) 0) 0.0) 0: 0.0) 1( 4.2)
FETAL INCIDENCE Nm 0( 0.0) 0( 0.0) 0( 0.0) 1( 0.6)

SACRAL VERTEERAE: 2 PRESENT
LITTER INCIDENCE Nm 0( 0.0) 0( 0) 0( 0.0) 1( 4.2)
FETAL INCIDENCE Nm 0( 0.0) 0) 0.0) 0( 0.0) 1( 0.6)

CAUDAL VERTEBRAE: HEMIVERTEBRA
LITTER INCIDENCE Nm 0( 0.0) 0( .0) 1( 4.3) 0( 0.0)
FETAL INCIDENCE Nm 0( 0.0) 0) 0.0) 1( 0.6) 0( 0.0)

CAUDAL VERTEBRAE: 2 PRESENT
LITTER INCIDENCE Nm 0( 0.0) 0( 0.0) 1( 4.3) 0( 0.0)
FETAL INCIDENCE Nm 0( 0.0) 0( 0.0) 1( 0.6) 0( 0.0)

CAUDAL VERTEBRAE: 0 PRESENT
LITTER INCIDENCE Nm 0( 0.0) 0( 0.0) 0( 0.0) ( 4.2)
FETAL INCIDENCE Nm 0( 0.0) 0( 0.0) 0( 0.0) 1( 0.6)

RIBS: IHICKENED
LITTER INCIDENCE NH) 0( 0.0) 0( 0.0) 1( 4.3) 4( 16.7)"
FETAL INCIDENCE NH) 0( 0.0) 0) 0.0) 1( 0.6) 4( 2.3)"

U Significantly different from the control group value “$0.01) .

1 90

Reference ID: 3222607



NDA 203,284 Ke Zhang

IBM-2 13 (PAGE 3) : FETAL SKELETAL ALTERATIONS — CAESAREAN—DELIVERED LIVE FETUSES (DAY 21 OF GESTATION) — SUMMARY
(See footnotes on the last page of this table.)

DOSAGE GROUP I II III Iv
DOSAGE (G/KG/DAY)a 0 (CONTROL ARTICLE) 0.3 0.65 0.9

LITTERS EVALUATED N 24 22 23):) 24
FETDSES EVALUATED c N 107 169 177 173

LIVE N 107 169 176 173
DEAD N o 0 1d 0

RIBS: SHORT
LITTER INCIDENCE N10) 11 4.2) 01 0.0) 01 0.0) 01 0 0)
FETAL INCIDENCE N10) 11 0.5) 01 0.0) 01 0.0) 01 0 0)

RIBS: NAVY
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 21 0.7 11 4.2)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 41 2.3)»A 11 0.6)

RIBS: INCOMPLETELY OSSIFIED
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 11 4 3) 11 4 2)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 31 1 7) 11 0 6)

RIBS: BENT
LITTER INCIDENCE N10) 01 0. ) 01 0.0) 11 4.3) 01 0.0)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 21 1.1) 01 0.0)

RIBS: FUSED
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 01 0.0) 11 4.2)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 01 0.0) 11 0.6)

STERNAL CENTRA: SUMRIZAIION
1sm4MARTZATION 0F ASYNMETRIC, INCOMPLETELY
OSSIFIED AND IRREGULARLY SHAPED) .

LITTER INCIDENCE N10) 01 0.0) 11 4.5) 11 4.3) 31 12.5) BestAvallwleFETAL INCIDENCE N10) 01 0.0) 11 0.6) 11 0.6) 31 1.7)

STERNAL CENTRA: ASYMHETRIC I yLITTER INCIDENCE N10) 01 0.0) 11 4.5) 01 0.0) 21 0.3)
FETAL INCIDENCE N10) 01 0.0) 11 0.6) 01 0.0) 21 1.2)

STERNAL CENTRA: INCOMPLETELY OSSIFIED
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 11 4.3) 01 0.0)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 11 0.6) 01 0.0)

STERNAL CENTRA: IRREGULARLY SHAPED
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 01 0.0) 11 4 2)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 01 0.1) 11 0 6)

“ Significantly different from the control group value (pSO.IJl).

TABLE l3 (PAGE 4): FETAL SKELETAL ALTERATIONS - CAESAREAN—DELIVERED LIVE FETUSES (DAY 21 0F GESTATION) - SUMMARY

 
DOSAGE GROUP I III Iv
DOSAGE 1G/KG/DAI)a 0 (CONTROL ARTICLE) 0.65 0 9

LITTERS EVALUATED N 24 23):) 24
FETUSES EVALUATED c N 187 177 173

LIVE N 107 176 173
DEAD N 0 1d 0

FORELINE: DIGIT, SHORT
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 11 4.3) 01 0 0)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 11 0.6) 01 0.0)

PELVIS: SW1 TION
1sm4ARIZATION 0F PUBIS AND ISCHIUM INCOMPLETELY OSSIFIED)

LITTER INCIDENCE N10) 01 0.0) 01 0.0) 01 0.0) 21 0.3)
FETAL INCIDENCE N10) 01 0.0) 0( 3.0) 01 0 0) 51 2.9)"

PELVIS: PUBIS, INCOMPLETELY OSSIFIED
LITTER INCIDENCE N10) 01 0.0) 01 0.0) 01 0.3) 21 0.3)
FETAL INCIDENCE N10) 01 0.0) 01 0.0) 01 0.0) 41 2.3)"

RELVIS: ISCHIUM, INCOMPLETELY OSSIFIED
LITTER INCIDENCE N10) 01 0.0)
FETAL INCIDENCE NH) O( III 0)

a. Dosage occurred on days 7 through 11 of gestation.
b. Excludes values for litter 8964, which consisted of only one dead fetus.c
d

  

See the individual fetal alterations table (Table 23) for fetuses with multiple skeletal alterations.
Values for dead fetus were excluded from sunmarization and statistical analyses. Observations for this conceptus are cited
on Table 23.

“ Significantly different from the control group value (1330.01) .

1 91

Reference ID: 3222607



NDA 203,284 Ke Zhang

Study title: Oral developmental toxicity study in rabbits

Study no.2 MQY00010

Study report location: N/A

Conducting laboratory and location: “‘4’

Date of study initiation: July 31, 2008

GLP compliance: YES
QA statement: YES

Drug, lot #, and % purity: HPN—100 / XA179 / 99.8%

Key Study Findings

Methods

Doses: 0.15, 0.25, and 0.35 glkg/day HPN-100; corn oil
was used as the control article

Frequency of dosing: daily

Dose volume: 0.14, 0.23, 0.32 ml/kg for low, middle, and high

dose groups, respectively
Route of administration: oral

FormulationNehicle: Neat liquid

Species/Strain: Rabbit/Hra:(NZW)SPF

Number/Sex/Group: 20

Satellite groups: none

Study design: See table below

Deviation from study protocol: There were no deviations that had a significant

impact on the study outcome.

The study design is shown in the sponsor’s table below.

 
Density 3:151:39; Number pf Assigned Rabbit
(g 1111.) (inL‘kg) Rabbits I\umbers

0 (Control) .-
1.1033

1.1033 7041- 7060

11033 >‘ 7061 - 7080

a. The test article piu'ity was considered 99.8% for purposes of dosage calculations.

b. The last three rabbits in each dosage group had blood samples collected as described in
section 4.5.5.

The pregnant rabbits were treated with HPN-100 or corn oil given via stomach tube

once daily on gestation days (DG) 7 through 19 at dosages of 0 (corn oil), 0.15, 0.25,

and 0.35 g/kg/day. The dose selection was based on the results of a dose range—

finding study “‘"MYQoooom in pregnant NZW rabbits. In this study, a dose of 0.6
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g/kg/day given to pregnant rabbits during DG 7 through 19 induced marked 
mortality/morbidity.  At lower doses of 0.2 and 0.4 g/kg/day, body weight gains were 
lower (-44% and -81%, respectively).  One animal treated with 0.4 g/kg/day was 
sacrificed due to clinical signs of toxicity (soft or liquid feces, dehydration, decreased 
motor activity, ptosis, ataxia, pale, cold to touch, and tachypnea) and body weight loss.  
Fetal weights were reduced (10%) in the 0.4 g/kg/day group as compared to the control.  
Therefore, the selection of 0.35 g/kg/day as the high dose is acceptable.  In the present 
study, there were no signs of maternal toxicity and no adverse effects in fetuses. 
 

Observations and Results 

Mortality:  No deaths occurred. 

Clinical Signs:  There were no treatment-related clinical signs of toxicity. 

Body Weight:  There were no treatment-related effects. 

Feed Consumption:  There were no treatment-related effects. 

Toxicokinetics: Plasma levels of the major metabolites of HPN-100 were measured. 
The toxicokinetic results are shown in the table below (taken from the study report).  
 

 
 
Dosing Solution Analysis: Not applicable. 
 

Necropsy 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 
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There were no treatment-related effects.  The results were summarized in the sponsor’s 
tables below. 
 

 
 

 
 
Offspring (Malformations, Variations, etc.) 
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There were no treatment-related effects. The results were summarized in the sponsor's
tables below.

IABIE 11 (PAGE 1|: FETAL GROSS EXTERNAL ALTERATIONS — CAESm—DELIVEED LIVE FETUSES (DAY 29 OF SESTATLON) — SUMMARY

DOSAGE GROUP
DOSAGE (G/KGJDAYJA 
LITIERS EVALUATED
FETUSES EVALUATED

LIVE
DEAD D

 a. Dosage accuxzed
)3. Dear: retus was exclude: from sumarlzatlen and statistical analyses.

IABLE I2 (PAGE 1): FETAL SOFI TISSUE ALTERATIONS — MSW—DELIVERED LIVE FETUSES (DAY 29 OF SESI'AI'LOK)
(See focsncne: on Lb: last page '02 this table.)

on day: 7 chcouqh 19 of gescatian.
UDSQZVBEIOHS :nr this concept“: are cited an IIDIE ZZ.

— SUMMARY

mSAGE GROUP
DOSAGE (G/KG/DAYDu

LITIERS EVALUAIED
FETUSES EVALUATED

LIVE
 

EYES: SHALL
LITTER INCIDENCE
FEIILZ. INCIDENCE

EYES: CZRCUMCORNEAL
LZIIER INCIDEICE
I'EIAL INCIDENCE

1:
0 (comom

H I”
:0 136
N 1.36

NI!) 0! 0.0)
Km 0( 0.0)

ummm:
NH) 0( 0.0)
mm 0) 0.0)

HERRT: INIERVENTRICUIAR SEPTAL DEFECI
LZI'IER INCIDENCE
I'EIBL INCIDENCE

VESSELS: AORIA DI SmDED
LITTER INCIDENCE
FETAL INCIDENCE

VESSELS: PERSISIENI’
LITTER ZNCIDERCE
FETAL INCIDENCE

VESSELS: pun-10mm! ARTERY CONS'IPJCTED
LIIIER INCIDENCE
FEIAL INCIDENCE

LUNGS: INTERMEDIATE
L ZIIER ZNCI DDICE
FEIAL I HCIDENCE

KIDNEYS: LOW SET
LIIIER INCIDEHCE
FETAL INCIDENCE

Nu) :( “-8)
NH) Zl L.5)b.c

NH) H 0.0)
Km 0( 0.0)

TRUNCUS “123105115
Hm 1) 3.9)
NH) H 0-7”

um 0( 0-0)
NIH GK 0.0)

1.03: ABSENT
mi) 1) 5.9)
Km u 0.7)!)

NIH) OK 0.0)
M!) 0( 0.0)

G(
0(

°(
0(

0(
0t

0(
0(

0(
0(

In
0.25

18
150
1.50

m 0.0)
m 0.0)

0( 0.0)
m 0.0)

1( 5.6)
.u 0.7m

.u 5.6)

.l( 6.7)d

m 0.0)
0( 0.0)

0( 0.)
0( 0.‘)

1) 5.5)
u 0.7)0

1( 5.6)
n 0.7)

:v
0.35

15
119
1.1.4

11 L7)
1.) 0.9)

u e.7)
u 0.9)

01 0.0)
01 0.0)

or 0.0)
D! 6.3)

a) 0.0)
01 0.0)

u 6.7)
u 0.9)

:1 13.3)
3) 2.6)

31 0.0)
or 0.0)

TABLE 12 (PAGE 2|:
 

DOSAGE GROUP
DOSAGE (GIKG/DAYI I

LIIIERS EVALUATED
FETUSES EVALUATED

LIVE

FETAL SON TIESUE ALTERATIONS - CAESAREAH—DELIVERED LIVE E‘ETUSES (DAY 29 OF GESIAI‘ION) - 517mm!

 
 

GALLBLADDER: ABSENT
LITTER INCIDENCE
FETAL INCIDENCE

GALLBLADDERX SMALL
LITTER INCIDENCE
FETAL INCIDENCE

I
0 (CONTROL)

5!
N 136
N I36

I'M) .L( 5 9)
H”) l.( 0 7

H”) (H 0.0)
IN!) 0‘ 0.0)

‘31
‘3(

it
D(

0.0)
0.0)

0.0)
0.0)

l(
.H

5.6)
0.7)d

:( 13.3)
5( 4.4)"

0( 0.0)
0( 0.0)

a. Dos-9e secured on days 1 thzough 1.9 of gestation.
b. Fetus 7504-6 had other set: usaue altezauona.
c. Fetus 7616—6 had cthe: soft tissue alcezations.
d. Fetus 7050-3 had other 30!: tissue alterations.
" ng'rutxcantly dztfezea: tron the contxo]. qzoup value (pso.01) .

Reference ID: 3222607
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TABLE 13 (PAGE 1): FETAL SKELETLL ALTERATIONS — CREW—DELIVERED LIVE FETUSES [DAY 29 0F GESTAI‘ION) — SUMMARY
(See footnote: on Che lllt pnge of this table.)

DOSRGE GROUP I I] III IV
DOSAGE (G/KG/DAY)a I] (CONTROL) 0.15 0.25 0.35

LEIIERS EVALUATED II 1.7 15 13 15
FETUSES EVALUATED N 137 127 1.50 115

LIVE XI 1.36 127 150 114
DEAD b N 1 0 0 0

SKULL: IRREGULAR OSSIFICATZOH c
(SUMMARIZAIION OF ALI. IRREGULAR OSSIFICATION 05'
THE SKULL d: INDIVIDUAL SUBCIJEGORIIS CITED BELOW)

 

LITTER INCIDENCE 1m.) 3( 17.5) :1 11.1) 11 22.2) 01 0.0)
FETAL INCIDENCE um 3( 2.2) :1 1.0) 41 2.7) 01 0.0)

SKULL: FRONTAL, CONTAINS AH :NTurnouTAL
LITTER INCIDENCE Nm 11 5.9) 01 0.0) 01 0.0) 01 0.0)
EEIAL INCIDENCE mm 11 0.7) 01 0.0) 01 0.0) 01 0.0)

SKULL: mama). IRREGULAR OMTTICATTON
(SUMMARIZAIION or NATALT N:DLTNE 5111:0111: DISPLACED,
NASAL - FRONTAL SUTNRE IRREGULAR AND NASALS
SUIURE. IRREGULAR)

LITTER INCIDmCE N11) .21 11.9) 21 11.1) 41 22.2) 01 0.0)
FETAL INCIDENCE HR) :1 1.5) :1 1.6) 41 0.7) 01 0.0)

SKULL: NASDLS, MIDLINE 5117mm DISPLACED
LITTER INCIDENCE um 11 5.9) 01 0.0) 4122.2)” 0( 0.0)
FETAL INCIDENCE NH) 11 0.7) 01 0.0) 41 2.7) 01 0.0)

SKULL: NASAL - TRDNTRL, 50:0“ IRREGULAR
LITTER INCIDENCE NH) 01 0.0) 2111.1) 01 0.0) 01 0.0)
FEIAL INCIDENCE 11m 01 0.0) 21 1.0) 01 0.0) 01 0.0)

SKULL: NASALS, 51mm: IRREGULAR
LITTER INCIDENCE NH) 11 5.9) 01 0.0) 01 0.0) 01 0.0)
FETAL INCIDENCE Nu) 11 0.7) 01 0.0) 01 0.0) 01 0.0)

SKULL — OTHER ALTERATIONS:
mom: m, RNCCLATED

LITTER INCIDENCE “(11) a( 17.5) :1 11.1) 31 15.7) 3120.0)
FETAL INCIDENCE Elli) 51 3.7) ‘1 1.5) 51 4.0) 51 5.2)

"‘ Sigmflcantly dlfferent Iron the control. group value (1350.01).

TABLE 13 WAGE Z): YEIAL SKELEIAL ALJ'LRAIIONS - CHESHIRE-DELIVERED LIVE [£10555 (DAY 23 0'." GESIAIION) - SUMMARY
(See (connotes on the last: page or this table.)
 

DOSAGE GROUP I III IV
DOSAGE )G/KG/DAY): 0 (CONTROL) 0.25 0.35

LITTERs EVALUATED N 17 1e 1e 15
EETcszs EVALUATED N 137 127 150 114

LIVE N 130 127 150 114
DEAD h N 1 o 0 0

IHORACIC VERTEBRAE: HEMIVERTEBRA
LITTER INCIDENCE N111) 01 0.0) 11 5.6) 01 0.0) 01 0.0)
EDIT-.1. INCIDLNCE NH) 01 0.0) t 0.0)): 01 0.0) 01 0.0)

ILHBAR VERTEDRAE: ARCfi. :NALL
LITTER INCIDENCE Nm 11 5.9) 01 0.0) 01 0.0) 01 0.0)
FETAL :NCIDENCE Nm 11 0.7); 01 0.0) 01 0.0) 01 0.0)

10143119. VERTEDRLE: CENTRUM, UNIIAIERAL OSSIEICAIION
LITTER INCIDENCE Nu) 11 5.9) o1 0.0) 01 0.0) 01 0.0)
FETAL INCIDENCE Nu) 11 0.7)g 01 0.0) 01 0.0) 01 0.0)

0111:0111. VERTLDRLL: HISALIGNED
LITTER INCIDENCE NH) 11 5.9) 11 5.6) 21 11.1) 21 13.3)
[ETAL INCIDENCE Nm 11 0.7) 11 0.8} 21 1.3) 21 1.2)

RIBS: ILA:
LITTER INCIDENCE N0) 01 0.0) 01 0.0) 21 11.1) 01 0.0)
FETAL :chnzncz N11.) 01 0.0) 01 0.0) 21 1.3)i,j 01 0.0)

RIBS: TEICK‘ENED
LITTER INCIDENCE N11.) 01 0.0) 01 0.0) 11 5.6) 11 5.1)
FETAL INCIDENCE N11) 01 0.0) 01 0.0) 11 0.7) 11 0.9)

RIBS: FUSED
LITTER INCIDENCE NH) 01 0.0) 01 0.9) 11 5.6) 01 0.0)
FETAL INCIDENCE NH) 0( 0.0) 01 0.0) 11 0.7) U) 0.0)

RIBS: EXTRA
LITTER INCIDENCE Nm 01 0.0) 11 5.6) 01 0.0) 01 0.0)
PETAL :NC:D£NCE N(|) 01 0.0) 11 0.5)); 01 0.0) 01 0.0)
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IABLE 13 [PAGE 3): HEAL SKELITAL ALTERATIONS - CALSAREAN-DLLIVERED LIVE IETUSES (DRY 23 01' GESIAIION) - SW!

 

DOSAGE GROUP I I: III Iv
DOSAGE (G/KG/DAY)a 0 (CONTROL) 0.15 0.25 0.25
LIrIaas EVAICAIED N 17 13 10 15
FETUSES EVALCAIED N 137 127 150 114

LIVE )1 135 127 150 114
new I: N 1 0 0 0

MANUBRIUM: SMALL
LITTER INCIDENCE “(*1 1( 5.9) l( 5.6) I( 5.6) 0( 0.0)
EEIAL INCIDENCE NH] 1( 0.7): ll 0.8] u 0.7): o( 0.0)

MANUBRIUM: rum
LIII'ER INCIDENCE 11m 1( 5.9) 0( 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE 11m 1( 0.7): 0( 0.0) 0( 0.0) o( 0.0)

MANUERIUM: IEREGULARLY SHAPED
LITTER INCIDENCE 11m 0( 0.0) 1. 5.6) u 5.6) 0( 0.0)
FETAL INCIDENCE Eu) 0( 0.0) 1( 0.0) u 0.7)i 0( 0.0)

ernNnI. CENm: FUSED
LITTER INCIDENCE um H 23.5) 11 5.6) M 22.2) 1( 6.1)
FETAL INCIDENCE Km 6( 4.4m 1) 0.8) SH 5.3)1.) 1( 0.9)

51mm. CENIRA: asymmzc
LITTER INCIDENCE NH] u 5.9) O! 0.0) 0( 0.0) 0( 0.0)
FETAL INCIDENCE 11m 1( 0.7): 0( 0.0) 0( 0.0) 0( 0.0)

KIPHOID: LARGE
LITTER INCIDENCE Nm 0( 0.0) 1( 5.6] 0( 0.0) 0( 0.0)
FETAL INCIDENCE 11m 0( 0.0) 1( 0.3) 0( 0.0) 0( 0.0)

a. Dosage occurred on days 7 through LB of gestation. ,
b. Dead fetus was excluded from summarization and statistical analyses. Observations for this conceptus are cited on Table 22.
e. Fetuses wzth alteratzons of the skull and/or hycid are not separately adentIerd in this summarization, except when

alterations of ether ossification sites were also present.
d. Includes all alteratzons noted for the skull except hyoxd, ala, angulated. Th1: category is excluded because these alteratlons

:10 not result 1103 lIIerdI 0331:1C8‘510n.
e. fetus 7002-8 had other skeletal. alceranons.
t. Eecus 7003-6 had other skeletal alterations.
g. Eecu: 7017-3 had ache: skeletal alcerabions.
h. Fetus 7031-1 had other skeletal alterabiana.
1. Fauna 7050-3 had other skeletal alteranlons.
j. Fetus 7053-1 had other. skeletal. alterations.

TABLE 14 (PAGE 1) : FETAL OSSIFICLTION SITES - NEW-DELIVERED LIVE FETUS-1'5 (DAY 29 OF GES'IATION) - SUMMARY

 
DOSAGE GROUP I :: III
DOSAGE (G/KG/DAY)a 0 (CONTROL) 0.15 0.25
LITTERS EMBED N 7 1a 18 15
11117513 gunman N 136 127 150 114

OSSIFICAI’IDN SETES PER FETUS PER LITTER

HYOID HEAN:5.D. 1.00 1: 0.00 1.00 : 0.00 1.00 1 0.00 1.00: 0.00

VIRIEBRME
CERVICAL :S.D. 7.00 t 0.00 7.00 : 0.00 7.00 1 0.00 7.00 3: 0.00
THORA I: mifiJ). 12.5% t 0.20 12.59 I 0.30 12.53 1 0.30 13.61 I 0.33
LUHBAR M;S.D. 6.45 t 0.20 6.10 z 0.30 6.16 1 0.31 6.40 t 0.33
SACRAL MEI-3:5.D. 3.00 1: 0.00 3.00 : 0.00 3.00 1 0.00 3.00 z 0.00
CAUDAL W:5.D. 16.59 1. 0.36 16.75 : 0.39 16.31 1 0.34 16.67 1 0.35

RIBS (PAIRS) HEAR:S.D. 12.47 t 0.26 12.51 : 0.30 12.46 1 0.27 12.3: : 0.34

STERN!
K131031113! m:S.D. 1.00 i 0.00 1.00 : 0.00 1.00 i 0.00 1.30 2 0.00
ETERNAL CENTERS EELS:S.D. 3.53 1 0.07 3.86 e 0.24 3.95 i 0.15 3.51 i.- 0.24'
XIPHOID EELBESJ). 0.92 1 0.19 0.98 : 0.05 0.50 1 0.16 0.93 t 0.10

FORKLIMB b
CARPALS MEAN:S.D. 0.00 t 0.00 0.00 : 0.00 0.00 t 0 '30 0.30 t 0.00
HITACARPRLS HIM:S.D. 9.92 t 0.19 4.99 : 0.02 1.95 1 CJI’S 4.,7 I 0.07
DIGIIS M:S.D. 5.00 t 0.00 5.00 : 0.00 5.00 1 0.00 5.00 z 0.00
PERLANGB W:S.D. 1.3.90 1 0.26 15.37 : 0.23 13.06 t 0.15 1.3.53 : 0.12

lIHDLIHS D
IARSALS M:S.D. 2.00 t 0.00 z 0.03 2.00 1 0.00
MEIAI‘ARSALS mam). 4.00 1 0.00 z 0.30 1.00 1 0.00
DIGIIS MEI-315.1). 4.00 t 0.00 z 0.00 4.00 1 0.50
PEALANGES HEARI:S.D. 1.2.00 1 0.00 z 0.00 12.00 1 (7.00  

a. Dosage Occurred or. day: 7 through 19 of gestation.
b. Calculated as average per limb.
' Significantly different from the control. group value (pic-.05) .
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9.3 Prenatal and Postnatal Development

Oral Peri- and Post-natal Reproduction Toxicity Study in Rats

Study No: MQY00012

Conducting Laboratory and Location: 00(4)

Date of study initiation: September 2, 2009

Report date: August 6, 2010

GLP compliance: This study was conducted in accordance with Good

Laboratory Practice Regulations of the United States Food and Drug

Administration (21 CFR Part 58).

QA-Report Yes (x) No ()

Animals: CrI:CD(SD) rats

Weight: F0 females: 202-248 g on day 0 of gestation (DGO)

Drug |ot#: XA171

Methods: GT4P was given to pregnant rats (25 females/group) by oral gavage at

0 (corn oil), 300, 600, and 900 mg/kg/day from DG7 through day 20 of lactation

(DL20) or DG24 (rats that did not deliver a litter). The test article was undiluted

colorless oil (neat). These rats (F0) were sacrificed either on DG25 or after the

21-day postpartum period. The number of rats that delivered litters and were

1 98
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(passive avoidance and water maze tests), necropsy, or testes and epididymides

weights.

The notable changes in the body weights were observed only on postpartum

days 22, 29, and 36 in the high dose males and females. Body weight on

postpartum days 22, 29, and 36 in the F1 high dose males (40.8, 82.8, and 139.6

g, respectively) was lower than the control (46.6, 91.5, and 151 g, respectively).

Body weights on postpartum day 92 were 492.3, 493.6, 503.2, and 477.3 g for

the control, low, middle, and high dose males, respectively.

Body weight on postpartum days 22, 29, and 36 in the F1 high dose females

(39.8, 77.5, and 121.5 g) was lower than the control (45.2, 86, and 130.6 9).

Body weights on postpartum day 92 were 276.1, 276.8, 294.8, and 276.8 g for

the control, low, middle, and high dose females, respectively.

F2 generation: No clear treatment related changes were observed in the F2
fetuses.

In summary, GT4P was given to pregnant rats by oral gavage at 0 (corn

oil), 300, 600, and 900 mg/kg/day from DG7 through DG24 or day 20 of lactation.

Treatment with 600 and 900 mg/kg/day reduced the body weight gain of

pregnant rats (F0 generation). No treatment-related effects were observed in the

sexual maturation, mating and fertility, pregnancy, or learning ability of the F1

generation.

Study title: Oral (Gavage) Repeated-Dose Toxicity Study of HPN-100 [Glyceryl

tri-(4-phenylbutyrate)] in Neonatal Rats

Study no.: QBU00007

Study report location: N/A

Conducting laboratory and location: m"

Date of study initiation: October 6, 2008

GLP compliance: YES
QA statement: YES

Drug, lot #, and % purity: Glyceryl Tri (4-Phenylbutyrate), Lot no.

XA171 , 99.7%

Key Study Findings
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Methods 
Doses: 0.65, 0.9, and 1.2 g/kg/day (corn oil was 

administered to control group) 
Frequency of dosing: Daily 

Route of administration: Oral gavage 
Dose volume: 0.59, 0.82, and 1.09 mL/kg for low, middle, and 

high dose groups, respectively 
Formulation/Vehicle: Neat liquid 

Species/Strain: Rat/Crl:CD(SD) 
Number/Sex/Group: 25/sex/group 

Age: 2 days old at initiation 
Weight: 6.7-6.9 g for males or 6.9-7.2 g for males at 

initiation 
Satellite groups: Blood samples from the toxicity study animals 

were collected at termination for TK analysis.  
Unique study design: Study included 2 parts with different treatment 

durations (see description of Part A and B, 
below) 

Deviation from study protocol: There were no deviations that had a significant 
impact on the study outcome. 

 
The study design is shown in the sponsor’s table below. 
 

 
 
Neonatal rats were treated with HPN-100 at 0.65, 0.9, and 1.2 g/kg/day by oral gavage 
from postnatal day (PND) 2 to 51 in Part A of the study (25/sex/group).  The rats in Part 
B were treated from PND 2 through mating and day 20 of gestation, for a total of 125-
127 days of treatment (25/sex/group).  Mating of rats was initiated on 96-100 days of 
age.   
 
No drug-related deaths occurred.  In Part A, the major finding was periductal mixed 
cellular infiltrates in liver in all drug-treated animals, with no incidence in the control 
group.  A reduction in neutrophils and lymphocytes occurred in the high-dose group.   
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In Part B, terminal body weights were decreased by approximately 10-16% in the 
middle and high-dose groups.  Triglyceride levels were increased by more than 2-fold in 
females in all treatment groups.  Fertility index was decreased to 70-78% in all 
treatment group females, compared to 96% in the control group.  Sperm count and 
morphology were not evaluated in this study.  C-sections showed a dose-dependent 
increase in post-implantation loss (i.e. resorptions) and a dose-dependent reduction in 
fetal weight in all treatment groups.  The number of live fetuses per litter was 
significantly reduced in the middle and high dose groups.  Preimplantation loss was 
increased with dose, but this change was not statistically significant.          
 
Observations and Results 
 
PART A: Treatment from PND 2 to 51 
 
Mortality:  Deaths occurred, but these were not dose dependent (see the sponsor’s 
table below).  Therefore, the deaths are not considered as treatment related.  

 
 

Clinical Signs:  There were no treatment-related effects. 
 
Body Weights:  There were no treatment-related changes. 
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Feed Consumption: There were no treatment-related changes. 

Hematology:  White blood cells, neutrophils, and lymphocytes were lower in the high 
dose group as compared to the control.  The results were summarized in the sponsor’s 
table below. 

 
 
 
Clinical Chemistry:  Slightly increased AST and ALT values were noted in the middle 
and high dose females (ALT = 43-52 U/L or AST 76-86 U/L) as compared to the control 
(ALT = 36-45.5 U/L or AST = 66-75.4 U/L). 
 
Gross Pathology:  There were no treatment-related changes. 
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Organ Weights:  Decreased weight of the adrenals, thymus, and ovaries were noted 
mainly in the middle and high-dose groups.  The results were summarized in the 
sponsor’s table below. 
 

 
 
Histopathology:   Minimal to mild periductal mixed cellular infiltrates in liver were noted 
in all drug-treated animals, with no incidence in the control group, as shown in the 
sponsor’s table below. 
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Toxicokinetics:  TK parameters were summarized in the following sponsor’s table. 
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PART B: Treatment from PND 2 through mating and day 20 of gestation (a total 
treatment duration of 125-127 days) 
 
Mortality:  Deaths occurred, but these were not dose dependent (see sponsor’s table).  
The deaths are not considered as treatment related.  
 

 
Clinical Signs:  High-dose male rats had increased incidence of urine-stained 
abdominal fur. 
 
Body Weights:  Terminal body weights in the low, middle, and high dose males were 
96.8%, 87.4% and 84.2% of the control group, respectively.  Terminal body weights in 
the low, middle, and high dose females were 96.7%, 89.8% and 87.8% of the control 
group, respectively. 
 
Feed Consumption: The treatment did not have clearly adverse effects on feed 
consumption. 
 
Hematology:  Small alterations of the hematological parameters were noted including 
slightly reduced platelet counts, red blood cells, hemoglobin, and hematocrit in treated 
males.  The clinical significance of these changes are not clear.  
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Clinical Chemistry:  Triglyceride levels were higher in the treatment groups (192, 190, 
and 180 mg/dl in males and 432, 463, 522 mg/dl in females) as compared to the 
controls (122 mg/dl in males and 206 mg/dl in females). 
 
Sexual Maturation:  Delayed vaginal patency was noted in the high dose group (PND 
37) as compared to the control group (PND 35). 
 
Motor Activity and Acoustic Startle Habituation:  There were no treatment-related 
changes. 
 
Learning and Memory:  There were no treatment-related changes in the learning and 
memory tests including passive avoidance and water maze tests.  
 
Mating and Fertility:  The number of animals mating and the time to mating were not 
adversely affected by the treatment.  The fertility index (number of rats that mated and 
were pregnant) was lower in the low, middle, and high dose groups (78, 75, and 70%) 
as compared to the control group (96%). 
 
Caesarean-Sectioning and Litter Observations:  The early and total resorptions per 
litter, and percent post-implantation loss were significantly increased in all treatment 
groups.  The fetal weights for males and females were significantly decreased in all 
treatment groups.  The number of live fetuses per litter was significantly reduced in the 
middle and high dose groups.  Preimplantation loss was increased with dose, but this 
change was not statistically significant.  The results are summarized in the tables below 
(taken from the study report). 
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TABLE 33: (PAGE I): MSW‘J-SECTIONING OBSERVATIONS - SCH/MY - Fl GENERATION FEMALE RATS - PART B

 
 

 
I

DOSAGE (G/KG/ DAY C (CONTROL)

 

 

 

PREGNANT NH) 23( 95.6) 15( 13.3) 1&( 75.3) 16( 69.6)
RATS PREGNANT k‘JD
CAESAREM: SECIICNED
ON DAY __ 05‘ GESTA’IION N 22b 17b 15 16

CCRPORA LUIS; PEBN:S.D. 16.2 i 1.9 16.2 = 2.6 14.5 = 3.0 15.5 t 4.2

IKPLAHIAIIOHG MEAN=5.D. 13.4 t 1 5 15 2 = 2 2 13.7 = 3 2 13.2 t 3 4

% PREIMPLANTATICN LOSS MEI-DEED. 4.5 i 6 5 5 6 z '7 3 6 0 z " 4 13 CI 2 -5 El

LITTER SIZES HEP-51:511. 15.31 2.2 13.6 2 2 4 12.0 t 3.3” 11.1 i 3.3“

N 331 231 215 17'?
was D -5 " k 2 2 13 6 t 2 4 11 9 : 3.3“ 11.1 i 3.2"

DEL! FETUSES N 0 3 - 0
Max:513 331 0.: CC: ”0 00: 32 Ulli 23

RESORPTIONS MEAN:S.D. “3.4 at 0.6 1.6 i 1.5“ 1.7 = 1.3“ 2.2 i 2.6"

EARLY RESCRPIIONS N 3 3'.‘ 31 31
151131253. 0.4 k 0 6 1.6 2 1 5“ 1 T = 1.3“ 1.9 i 1.4"

LATE RESCRPIIONS N 0 3 C 4
MEfaNz‘SJ. 13¢ 0.0 3.3 i 0.0 0." = 3.0 0 2 i 34‘

% POSTIMPLANTATION LOSS flAN:S.D. 2 5 t 4 C 13 3 = 9 3‘ 13.6 = 14.0“ 15.9 i -1 E"

DEX-LS WITH ANY RESORPTZONS NH) 7( 31.8) 12( 76.6)“ 14( 77.5)“ 13l 81.2)"

DAMS WITH ALL CCNCEPTUSES
DEAD OR RESORBED NH) '3( 0.0) C'( 3.0) 0( 3.3) 0( 0.0)
 

k PREIMPLANTAIION 1055 = [OER-BER OF CORPORA LUIEA - NUMBER OF I. LA: - .- NS) / )TJEBER 0E CCRPORA LUTEA] x Q
% POSIIMPLANTATION LOSS = [(N'JIBER OE IMPLEJTAIIONS - NUMBER OF IVE FETUSES) / NUMBER OF IMPLANTAIIONS] x 1.. 

   
a. Exc"des values for rats the were found dead or sacrificed due to adverse clinical observations prior to cohabitation. '
b. Exc des values for rats that did not have a confirmed mating date. BeSt Avallable

‘ Sig ficently different from the control group value (pSQ.DS) . Co“ Significantly different from the control group value (5353.01) . py

TABLE 833 (PAGE 1): LITTER OBSERVATIONS (CAESAREAI-I—DELIVERED FETUSES) - SEWARY - F2 GENERATION LETTERS - PART B

 
  

 

 

DOSAGE GROUP I II IV
DOSAGE (G/KG/DAY) C (CONTROL) 0 54 1.2
LIT RS WITH ONE OR
MORE LI‘E FETUSES N 23 15 LE 16

INC ED IN ANALYSES N 225 1.1.: 18 16

IMP" ETATIONS ERESJ. 15.4 i: 1.9 15.2 : 3 2 13.7 = 3.2 13.2 t 3.4

LIVE FETUSES N 331 231 215 1'3?
MEIL‘ES D 15.3 t 2 2 13 6 = 2 4 11.9 = 3.3“ 11.1 t 3.2"

LIVE MALE EETUSES l-l 153 135 105 E7

55AN:S.D. 47.3 d: 14.7 46.7 = 16 6 50 " = 16.1 43 6 i 15 3

LIVE ETAL BODY WEIGHTS
(GRAMSl/lI -ER WAN-:50. 5.35 i: 0.63 4.62 = 0.46“ 4.17 = 3.40” 3.55 i C 43“

MALE FETUSES EEAN:S.D. 5.54 t 0.66 4.79 = 0.49“ 4.25 = 33‘3“ 3."2 i 553"

FEMALE EETUSES MEAN:S.D. 5.19 t 0 61 4.47' = I3.50“ 4.06 = 3.43“ 3.40 t C 44"

% DEAD OR RESCRBED
CONCEPTUSES/LI””E IEAN:S.D. 2.5 i 4.5 10.3 e 9.3‘ 13.6 t 14.0“ 15.9 i 11.6“
 e. Excludes values for rats that did not have a confirmed mating date.

Significen:-y different from the control group value ($3.05).
“ Significantly different from the control group value (1:93.01) .

Three fetuses in the middle dose group had gross external alterations. One had an

umbilical hernia, one had an absent tail, and a dead fetus had exencephaly, absent

pollex of both forepaws, absent fifth digit of the right forepaw, short right hindlimb,

absence of all digits of both hindpaws, gastroschisis, and short trunk. In the high dose
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group, seven fetuses from 3 litters had gross external alterations.  Two of these fetuses 
had an umbilical hernia, three fetuses had a thread-like tail, one fetus had edema, and 
one fetus had a thread-like tail and no anal opening.  No gross external alterations were 
observed in the control and low-dose groups. 
 
Gross Pathology:  There were no treatment-related changes. 

Organ Weights:  Absolute and relative weights of ovaries was reduced in all treatment 
groups.  Decreased weight of the adrenals, brain, thymus, and spleen were noted 
mainly in the high-dose groups.  The liver weight was generally higher in the treatment 
groups.  The results were summarized in the sponsor’s table below. 
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Histopathology:  Histopathological findings similar to those observed in Part A 
(minimal to mild periductular mixed cellular infiltrates) were noted in all treatment groups 
in Part B.  These changes were not identified in the control group. 
 

10 Special Toxicology Studies 
 
None. 
 

11 Integrated Summary and Safety Evaluation 
 

Glycerol phenylbutyrate (GPB) is a triglyceride containing three molecules of 4-
phenylbutyric acid (PBA) linked to a glycerol backbone.  Glycerol phenylbutyrate is 
hydrolyzed to glycerol and PBA following oral administration.  PBA is then metabolized 
to phenylacetic acid (PAA), which is then conjugated with glutamine to form 
phenylacetylglutamine (PAGN).  PAGN is utilized as an alternate means for metabolic 
disposal of nitrogen waste in patients with genetic defects in their urea cycle (urea cycle 
disorders or UCDs).  The sodium salt of PBA (Buphenyl®) is approved for treatment of 
UCDs.   

 
           In the present NDA, the sponsor seeks market approval for RavictiTM (glycerol 
phenylbutyrate) as adjunctive therapy for chronic management of adult and pediatric 
patients ≥ 6 years of age with urea cycle disorders involving deficiencies of the following 
enzymes: carbamyl phosphate synthetase (CPS), ornithine transcarbamylase (OTC), 
argininosuccinate synthetase (ASS), argininosuccinate lyase (ASL) or arginase (ARG), 
as well as the mitochondrial transporter ornithine translocase (hyperornithinemia–
hyperammonemia–homocitrullinuria [HHH] syndrome, also referred to as ornithine 
translocase deficiency).  In support of this NDA, the following nonclinical studies were 
submitted: pharmacological studies, pharmacokinetic studies, oral acute toxicity studies 
in rats and monkeys, 14-day oral toxicity studies in mice, rats, and monkeys, 13-week 
oral toxicity studies in mice, rats, and monkeys, 26-week oral toxicity study in rats, 52-
week oral toxicity study in monkeys, 26-week oral carcinogenicity study in Tg.rasH2 
mice with a 28-day dose ranging study in CByB6F1 mice, 2-year oral carcinogenicity 
study in rats, Segment I mating and fertility study in rats, Segment II embryo-fetal 
developmental studies in rats and rabbits, Segment III pre- and post-natal 
developmental study in rats, oral toxicity study in neonatal rats, Ames test, in vitro 
chromosomal aberration test in human lymphocytes, and a rat micronucleus test.  In 
addition, following mutagenicity studies were conducted with metabolites including PBA, 
PAA, PAGN, and phenylacetylglycine (PAG): Ames tests and in vitro chromosomal 
aberration tests in Chinese hamster ovary (CHO) cells or human lymphocytes.  
 

In the conscious, unrestrained monkeys with telemetry monitoring, a single oral 
dose of GT4P significantly prolonged QTc interval by ~25 ms at a dose of 4 g/kg but not 
at 1 g/kg.  Slight shortening of the PR interval (8-14 ms) was also observed at 4 g/kg of 
GT4P in this study.  The metabolites PBA at 894 µg/ml and PAA at 988 µg/ml inhibited 
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hERG current by ~36% and 54%, respectively, as compared to the vehicle control in 
HEK 293 cells transfected with hERG channels.   

 
Following oral administration of GT4P, no parent compound was detected in the 

plasma in rats and monkeys.  There were measurable levels of PBA and PAA in the 
plasma and urine in rats and monkeys, suggesting that GT4P is hydrolyzed to glycerol 
and PBA prior to absorption or distribution into the general circulation.  PBA is then 
hydrolyzed to PAA through ß-oxidation.  PAA is conjugated with glutamine to form 
phenylacetylglutamine (PAGN) or with glycine to form phenylacetylglycine (PAG).  Both 
PAGN and PAG are eliminated in the urine.   

 
In the single oral dose toxicity study in rats, GT4P was lethal at doses of 1.2 g/kg 

or higher.  The no effect dose was identified at 0.65 g/kg.  In the single oral dose toxicity 
study in monkeys, the minimal lethal dose was not identified. 
 

In the 14-day oral dose-ranging toxicity study in mice, GT4P was given by oral 
gavage at 0, 0.65, 0.9, 1.2, and 2.0 g/kg/day for 14 days (5/sex/group).  The high dose 
was lethal (4 males and 4 females died). The central nervous system was the target 
organ of toxicity based on the clinical signs including hypoactivity, impaired equilibrium, 
ptosis, and shallow or labored respiration.  The no effect dose was not identified.  The 
dose of 0.65 g/kg/day was tolerated.   
 

In the 13-week oral toxicity study in mice, GT4P was given by oral gavage to 
mice at 0, 0.65, 0.9 and 1.2 g/kg/day for 90 days.  The results indicated that there were 
no treatment-related deaths or clinical signs of toxicity.  Treatment increased the liver 
weight and produced hepatocellular hypertrophy.  The high dose of 1.2 g/kg/day was 
the no-observed-adverse-effect level (NOAEL). 
 

In the 14-day oral toxicity study in rats, GT4P was administered by oral gavage 
for 14 days to rats at 0, 0.65, 0.9 and 1.2 g/kg/day.  There were no deaths.  The central 
nervous system was the target organ of toxicity based on the clinical signs including 
hypoactivity, impaired equilibrium, impaired muscle coordination and rigid muscle tone.  
A no effect dose was not identified.  The dose of 0.65 g/kg/day was tolerated. 
 

In the 13-week oral toxicity study in rats, GT4P was give by oral gavage at 0, 
0.65, 0.9 and 1.2 g/kg/day for 91 days.  There were no treatment-related deaths.  Rigid 
muscle tone (all treatment groups) and hypoactivity (middle and high-dose groups) were 
observed during first few days of treatment.  Decreased terminal body weight gain was 
noted in the low (11%), middle (21%), and high (37%) dose males, as compared to the 
control males.  Body weight gain was not affected in the female groups.  There were no 
treatment-related histopathologic findings.  In conclusion, a no effect dose was not 
identified.  The dose of 0.65 g/kg/day was the maximum tolerated dose for males based 
on the decrease in body weight gain.  The dose of 1.2 g/kg/day was tolerated in 
females.  The central nervous system was the target organ of toxicity based on the 
clinical signs. 
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In the 26-week oral toxicity study in rats, GT4P was given by oral gavage at 0, 
0.65, 0.9 and 1.2 g/kg/day for 6 months.  Treatment with GT4P reduced the terminal 
body weight gain by at least 10% or more in all treatment groups.  Therefore, a NOAEL 
was not established.  Central nervous system was a target organ of toxicity based on 
the clinical signs (hypoactivity and rigid muscle tone in the 0.9 and 1.2 g/kg/day groups).  
One high-dose male was found dead.  This death was possibly treatment-related.   
 

In the 14-day oral toxicity study in cynomolgus monkeys, GT4P was given at 0, 1, 
5, and 10 g/kg/day (3/sex/group) via nasogastric intubation in the dose ranging phase.  
One middle dose male and one high dose female were sacrificed after the first dose due 
to clinical signs of toxicity including hunched posture, hypoactivity, recumbency, labored 
respiration, vomitus containing food and red discharge, discharge of bright yellow fluid 
from the anus, and cold to the touch.  On Day 2, the high and middle doses were 
decreased to 5 g/kg/day and 2.5 g/kg/day, respectively.  The two remaining high-dose 
females were sacrificed due to the clinical signs of toxicity.  The dosing was 
discontinued on Day 3.  Based on these results, the sponsor selected doses for GT4P 
at 0, 1, 2.5, and 3.5 g/kg/day for the main study.  Dosing of the middle and high dose 
groups (2.5 and 3.5 g/kg/day) in the main study was terminated on Day 9 due to clinical 
signs of toxicity.  The dose of 1 g/kg/day was tolerated through the end of the 14-day 
treatment period.  A no effect dose was not identified.  The central nervous system was 
the target organ of toxicity based on the clinical signs. 
 

In the 13-week oral toxicity study in cynomolgus monkeys, GT4P was given by 
nasogastric intubation at 0, 0.75, 1.25 and 1.75 g/kg/day for 91 days.  All animals 
survived to the scheduled termination.  Tremors (continuous or intermittent) were 
observed in 1 middle-dose female and 2 high-dose females.  The tremor was 
sometimes accompanied by hypoactivity, impaired muscle coordination, twitching, body 
pallor, and labored respiration.  Decreased terminal body weight gain was noted in the 
middle (19%) and high (24%) dose males, and in the middle (13%) and high dose (20%) 
females, as compared to the control group.  Pathological examination revealed small 
thymus (high dose males) and minimal to mild lymphoid depletion (all treatment male 
groups and the high dose females).  Histopathologic examination also revealed 
centrilobular hepatocellular hypertrophy (all treatment groups) and mild fatty infiltration 
in the sternal bone marrow (all treatment male groups and the middle and high dose 
female groups).  A no effect dose was not identified.  The dose of 1.25 g/kg/day was 
close to or slightly higher than the maximum tolerated dose based on the reduction of 
body weight gain and clinical signs of toxicity.  The central nervous system was the 
target organ of toxicity based on the clinical signs. 
 

In the 52-week oral toxicity study in monkeys, GT4P was given by nasogastric 
intubation at 0.7, 1.1, and 1.5 g/kg/day for 52 weeks.  Treatment with GT4P induced 
clinical signs of toxicity including hypoactivity, hunched posture, thinness, pallor and/or 
cool to touch, impaired equilibrium, and increased respiration rate in the high dose 
group.  The terminal body weights were ~14%, 8%, and 22% lower in the low, middle, 
and high dose males, respectively, and 10% lower in the high dose females.  Liver 
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weight (absolute and relative) was increased in all treatment groups at weeks 26 and 
52, and this change was associated with hepatocellular hypertrophy.   
 

GT4P was not genotoxic in the Ames test, the in vitro chromosomal aberration 
test, and the rat micronucleus test.  The metabolite PBA was not genotoxic in the Ames, 
but significantly increased the proportion of cells with structural aberrations in the 
presence of S-9 after 4 hours treatment in an in vitro chromosome aberration test in 
Chinese hamster ovary (CHO) cells.  However, the result was not reproducible in a 
repetition of this test in human lymphocytes.  Other metabolites including PAA, PAGN, 
and PAG were not genotoxic in the Ames test or the in vitro chromosomal aberration 
test. 
 

In the 26-week oral dose carcinogenicity study in Tg.rasH2 mice, mice were 
treated with HPN-100 (neat) at dose levels of 600 and 1000 mg/kg/day via oral gavage 
for 26 weeks.  The dose levels were recommended by the Executive Carcinogenicity 
Assessment Committee, based on MTD and the minimum feasible dose.  Two water 
control groups were included.  The positive control animals received urethane at 1000 
mg/kg via intraperitoneal injection on Days 1, 3 and 5.  The toxicokinetic evaluation 
(exposure study) was conducted in hybrid CByB6F1 (nontransgenic) mice (5 
mice/sex/group).  HPN-100 was well tolerated at all dose levels (600 and 1000 
mg/kg/day).  The carcinogenicity study was conducted appropriately. The tumor 
incidences were within the historical control ranges from the testing laboratory.  No 
statistically significant increase in tumors was observed in groups treated with HPN-100.  
Treatment with urethane (positive control) produced a high incidence of lung tumors and 
hemangiosarcoma in spleen.  The FDA statistical review concluded that HPN-100 did 
not produce any significant increase in tumor incidence.  The Executive Carcinogenicity 
Assessment Committee concluded that there were no drug-related neoplasms.  
 

In the 24-month oral dose carcinogenicity study in Crl:CD(SD) rats, HPN-100 
(neat) was administered via oral gavage at dose levels of 70, 210, and 650 mg/kg/day in 
males, and 100, 300, and 900 mg/kg/day in females for 2 years.  The dose levels were 
recommended by the Executive Carcinogenicity Assessment Committee, based on 
MTD and/or lethality.  Two control groups (water and corn oil) were included.  The study 
was conducted appropriately.  HPN-100 did not produce statistically significant changes 
in mortality.  The terminal body weight was 7% and 11% lower in the high dose males 
and females, respectively, as compared to the water control group.  The terminal body 
weight gain was 13% and 21% lower in the high dose males and females, respectively, 
as compared to the water control group.  Treatment-related non-neoplastic changes 
included focal hypertrophy in the adrenal cortex, pancreatic acinar cell hyperplasia, 
follicular cell hyperplasia in the thyroid gland, cystic endometrial hyperplasia of the 
uterus, Zymbal’s gland hyperplasia, basophilic foci in the liver, and retinal atrophy.  
 

The Executive Carcinogenicity Assessment Committee concluded that HPN-100 
increased the incidence of the following neoplasms in the 24-month rat study, as 
indicated by statistical significance in both the dose-response and pair-wise tests using 
the water control group, with exception of Zymbal’s gland carcinoma in males: in males, 
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pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma at the 
high dose and Zymbal’s gland carcinoma at the middle and high doses, and in females, 
pancreatic acinar cell adenoma, carcinoma and combined adenoma or carcinoma at the 
high dose, thyroid follicular cell adenoma, carcinoma and combined adenoma or 
carcinoma at the high dose, adrenal cortical combined adenoma or carcinoma at the 
high dose, uterine endometrial stromal polyp and combined polyp or sarcoma at the high 
dose, and Zymbal’s gland carcinoma at the high dose.  The increased incidence of 
Zymbal’s gland carcinoma in males was considered to be drug-related, based on the 
very low incidence of this neoplasm in historical control data. 
 

Statistically significant dose-response relationships were found for the following 
tumors, based on comparison to the water control group: acinar cell adenoma, 
carcinoma and combined adenoma or carcinoma in pancreas in both sexes, follicular 
cell adenoma in thyroid in both sexes, malignant schwannoma in skin in males, 
malignant lymphoma in males, adenoma and combined adenoma or carcinoma in 
adrenal cortex in females, hepatocellular adenoma in females, follicular cell carcinoma 
and combined adenoma or carcinoma in thyroid in females, polyp and combined polyp 
or sarcoma in uterus, and carcinoma in Zymbal’s glands in females (see statistical 
review by Dr. Min Min).  The FDA statistical review also found significant increases in 
the following tumors, based on pair-wise comparison to the water control group: acinar 
cell adenoma, carcinoma and combined adenoma or carcinoma in pancreas in high-
dose groups for both sexes, follicular cell adenoma in thyroid in high-dose groups for 
both sexes, combined adenoma or carcinoma in adrenal cortex in high-dose females, 
follicular cell carcinoma and combined follicular cell adenoma or carcinoma in thyroid in 
high-dose females, polyp and combined polyp or sarcoma in uterus in high-dose 
females, and carcinoma in the Zymbal’s glands in high-dose females. 
 

In the fertility and general reproduction toxicity study in rats, male rats were 
treated with 0 (corn oil), 0.65, 0.9, and 1.2 g/kg/day HPN-100 once daily beginning 28 
days before the first cohabitation (with females treated up to 15 days), and through the 
second cohabitation (with untreated females up to 14 days).  Treatment of males 
continued through the day before sacrifice.  Treated female rats were given HPN-100 at 
0 (corn oil), 0.65, 0.9, and 1.2 g/kg/day once daily beginning 15 days before 
cohabitation through gestation day 7.  The major finding in this study was a small but 
statistically significant increase in embryo-lethality in the high-dose group.  Mating and 
fertility parameters were unaffected. 
 

In the oral developmental Segment II toxicity study in rats, pregnant rats were 
treated with HPN-100 at oral doses of 0 (corn oil), 0.3, 0.65, and 0.9 g/kg/day during 
gestation days 7-17.  The dose selection was justified based on the results of the dose-
ranging study in pregnant rats (MQY00007).  In the present study, the most common 
fetal effect was the presence of cervical ribs at the 7th cervical vertebra.  This effect was 
dose-dependent.  The litter incidence was statistically significant in the middle and high-
dose groups, and fetal incidence was significant only in the high-dose group.  
Malformations were observed in the middle and high groups (3 and 2 fetuses, 
respectively), but were not statistically significant.  Mild maternal toxicity was observed 
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in the middle and high dose groups, based on reduction in weight gain.  Reduced motor 
activity and splayed limbs were also noted in the high dose group.     

 
In the oral developmental Segment II toxicity study in rabbits, the pregnant 

rabbits were treated with HPN-100 given via stomach tube once daily on gestation days 
7 through 19 at doses of 0 (corn oil), 0.15, 0.25, and 0.35 g/kg/day.  The dose selection 
was justified based on the results of a dose range-finding study ( MYQ00009) in 
pregnant NZW rabbits.  In the present study, there were no signs of maternal toxicity 
and no adverse effects in fetuses. 
 
 In the oral pre- and post-natal reproduction toxicity study in rats, GT4P was given 
to pregnant rats by oral gavage at 0 (corn oil), 300, 600, and 900 mg/kg/day from DG7 
through DG24 or day 20 of lactation.  Treatment with 600 and 900 mg/kg/day reduced 
the body weight gain in pregnant rats (F0 generation).  No treatment-related effects 
were observed in the learning ability, sexual maturation, mating and fertility, or 
pregnancies of the F1 generation. 
 
 In the oral toxicity study in neonatal rats, HPN-100 was given at 0.65, 0.9, and 
1.2 g/kg/day (25/sex/group) by oral gavage from postnatal day (PND) 2 to 51 (Part A) or  
from PND 2 through mating and day 20 of gestation for a total of 125-127 days of 
treatment (Part B).  No drug-related deaths occurred.  In Part A, the major finding was 
periductal mixed cellular infiltrates in liver in all drug-treated animals, with no incidence 
in the control group.  A reduction in neutrophils and lymphocytes occurred in the high-
dose group.  In Part B, terminal body weights were decreased by approximately 10-16% 
in the middle and high-dose groups.  Triglyceride levels were increased by more than 2-
fold in females in all treatment groups.  Fertility index was decreased to 70-78% in all 
treatment group females, compared to 96% in the control group.  Sperm count and 
morphology were not evaluated in this study.  C-sections showed a dose-dependent 
increase in post-implantation loss (i.e. resorptions) and a dose-dependent reduction in 
fetal weight in all treatment groups.  The number of live fetuses per litter was 
significantly reduced in the middle and high dose groups.  Pre-implantation loss was 
increased with dose, but this change was not statistically significant. 
 

The sponsor seeks market approval for glycerol phenylbutyrate (GPB) as 
adjunctive therapy for chronic management of adult and pediatric patients ≥ 6 years of 
age with urea cycle disorders (UCD).  UCDs are characterized by hyperammonemia, 
encephalopathy, and respiratory alkalosis.  Patients with UCDs are at high risk for 
neurologic deficits and death due to hyperammonemia.  The current approved products 
in the U.S. include Buphenyl (oral sodium phenylbutyrate) for long-term therapy, and 
Ammonul (combination of sodium phenylacetate and sodium benzoate, intravenous) for 
acute hyperammonemia.  GPB and sodium phenylbutyrate are metabolized to the same 
active metabolite (PAA), therefore both drugs share the same mechanism of action.  
GPB is an odorless and tasteless  that will eliminate the sodium burden and 
relieve the pill burden of sodium phenylbutyrate.  The major finding from the nonclinical 
program is the tumorigenicity in the 2-year carcinogenicity study in rats.  GPB was not 
genotoxic in the standard genotoxicity test battery.  The potential tumorigenic risk of 
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GPB is presumably shared by sodium phenylbutyrate, since the plasma metabolic 
profile for both drugs is expected to be very similar.  Buphenyl was approved in 1996 
and no cancer risk has been identified with the use of Buphenyl.  UCDs are life 
threatening diseases, and sodium phenylbutyrate is the only approved drug for long-
term therapy.  Therefore, from a nonclinical standpoint, we conclude that the benefit 
from the treatment with glycerol phenylbutyrate outweighs the risk of the potential 
tumorigenicity, and thus recommend that this application be approved for the proposed 
indication.  The sponsor should be asked to revise the label as recommended. 
  

12 Appendix/Attachments 
 
1. Executive CAC meeting minutes dated August 12, 2008 
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In 13-week oral toxicity study in mice ( ””510008). GT4P was given by oral gavage to

CrlzCD-l mice at 0. 0.65, 0.90 and 1.20 g/kg/day in corn oil for 90 days. There were no

treatment-related deaths or clinical signs of toxicity. The treatment increased the liver weight

and produced hepatocellular hypertrophy. The high dose of 1.2g/kg’day is no—observed-adverse-

effect level (NOAEL).

In the 14-day dose ranging toxicity study in mice ( “""510007). GT4P was given to

mice (5/sex/g1‘oup) by oral gavage at 0. 0.65. 0.9, 1.2. and 2.0 g/kg/day for 14 days. The high

dose of 2 g/kg’day was lethal (4 males and 4 females died).

Rat Carcinogenicity Study Protocol and Dose Selection:

For the 2-year carcinogenicity study in rats. following doses are proposed by the sponsor:

O. 225. 450, 900 mgkg/day for males or 300. 600. 1200 mg’kg/day for females. The dose

selection was based on the results of a 13-week oral toxicity study in rats.

In the 13—week oral toxicity study in rats. GT4P was given by oral gavage to Crl:CD(SD)

rats at O, 0.65. 0.90 and 1.20 g/kg/day in c0111 oil for 91 days. There were no treatment-related

deaths. Rigid muscle tone (all treatment groups) and hypoactivity (mid and high dose groups)

were observed during first few days of treatment. Decreased tenninal body weight gain was

noted in the low (11%), mid (21%). and high (37%) dose males as compared to the control.

Body weight gain was not affected in the female groups. There were no treatment-related

histopathologic findings. In conclusion. the dose of 0.65 g’kg/day was the maximum tolerated

dose (MTD) for males based on the decrease of body weight gain. The dose of 1.20 g/kg/day
was tolerated in females.

Doses up to 4.5 g/kg were tested in a single oral dose toxicity study in rats ( M"-

510001). In this study. one female was found dead at 1.5 g/‘kg and all females (3/3) were found

dead at 2.3 g/kg. In a 14-day oral toxicity study in rats ”m-SIOOOZ). there were no deaths at

the high dose of 1.2 g/kg/day.

Executive CAC Reconnnendations and Conclusions:

Mouse:

The Committee recommended doses of 0 (vehicle). 100. 300. and 1000 mg/kg/day for both

males and females based 011 lethality in the 14-day dose ranging toxicity study in mice. If the

sponsor does not have historical data on the effects of the com oil vehicle over 2 years. a water

gavage control group should be included.

Rat:

The Committee recommended doses of 0 (vehicle). 70. 210. and 650 mg/kg/day for males based

on an MTD (decreased body weight gain).
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2. Executive CAC meeting minutes dated February 16, 2010  
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3. Executive CAC meeting minutes dated July 17, 2012 
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I concur with Dr. Zhang's recommendations.  Additional comments will be included in my Team
Leader memo.

Reference ID: 3222607



PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR

NDA/BLA or Supplement

NDA/BLA Number: 203284 Applicant: Stamp Date:

Hyperion Therapeutics December 23, 2011

Drug Name: Ravicti NDA/BLA Type: 505 (b) 1

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

I Content Parameter
Is the pharmacology/toxicology section

organized in accord with current regulations

and guidelines for format and content in a x
manner to allow substantive review to

be in?

'15 the pharmacology/toxicology section I'—indexed and paginated in a manner allowing

substantive review to be in?

3 Is the pharmacology/toxicology section

legible so that substantive review can

be (in?

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. safe Mannacolo ‘ 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

intentional] and b desire of the FDA .

Does the route of administration used in the

animal studies appear to be the same as the

intended human exposure route? Ifnot. 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) g an

explanation for any significant deviations?

studies/data requested by the Division

during pre—submission discussions?
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 
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Content Parameter 

 
Yes

 
No

 
Comment 

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? 

x  

 
 
 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

  

 
 
N/A 

11 Has the applicant addressed any abuse 
potential issues in the submission?   

 
 
N/A 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

  

 
 
N/A 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? __Yes___ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
  
None. 
 
 
 
Ke Zhang, Ph.D.                                                                                    February 1, 2012 
Reviewing Pharmacologist      Date 
 
David Joseph, Ph.D.                                                                              February 1, 2012 
Team Leader/Supervisor      Date 
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