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1 Executive Summary 

1.1 Introduction 
Crofelemer is a botanical agent which is a potent inhibitor of cAMP-stimulated cystic 
fibrosis transmembrane conductance regulator chloride channel and the calcium 
activated chloride channel in intestinal epithelial cells.  In this submission, the applicant 
is proposing to market crofelemer for the control and symptomatic relief of diarrhea in 
patients with HIV/AIDS on anti-retroviral therapy.  Secretory diarrhea is attributed to 
poor adherence to HAART (highly active antiretroviral therapy) and there is currently no 
approved product for this indication.  The proposed dose for patients on HAART is 125 
mg to be taken twice daily.       
 

1.2 Brief Discussion of Nonclinical Findings 
In support of the proposed NDA, the applicant conducted pharmacology, 
pharmacokinetics, general toxicology, genetic and reproductive toxicology studies.  
Briefly, crofelemer was shown to inhibit chloride ion secretion via cAMP/cGMP-
mediated mechanism and decrease in fluid accumulation in an in vivo mouse model of 
secretory diarrhea.  In safety pharmacology studies, crofelemer did not show any effects 
on cardiovascular, respiratory, neurobehavioral, or GI motility in rats at the highest dose 
tested (600 mg/kg). 
 
Crofelemer was shown to be poorly absorbed after oral administration in rats, with ~1% 
bioavailability, while ~99% remained in the GI tract, suggesting that it acts locally in the 
GI tract.  In vitro, crofelemer produced dose-dependent inhibition of hERG (human 
ether-a-go-go) K+ current; however, because of its low oral bioavailability, the potential 
risk of QT prolongation due to <2% free crofelemer is likely minimal to none.  Plasma 
concentrations of crofelemer were low even at the highest doses evaluated (up to 1200 
mg/kg/day for 56 days in mice).  Crofelemer was highly bound to human plasma 
proteins and precipitated pepsin but did not induce CYP metabolic enzymes.   
   
In dogs, chronic oral administration of crofelemer for 9 months was not fatal but did 
produce dose-dependent gastrointestinal (GI) toxicity (emesis, abnormal excreta, 
diarrhea) and histological changes related to GI tract irritation and macrophage 
infiltration in the lymph nodes at doses greater than 175 mg/kg/day.  At the highest dose 
tested (600 mg/kg/day), crofelemer produced significant decreases in body weight and 
food consumption and changes in clinical chemistry indicative of nutritional deficits.  The 
NOAEL dose in dogs was 50 mg/kg/day, based on GI-related clinical signs at doses of 
≥175 mg/kg/day.  When administered chronically in mice and rats, crofelemer produced 
deaths at doses above 40 mg/kg/day, in some cases due to dosing-related injuries; 
however, the cause of death of many of these animals was not known.  In rhesus 
monkeys, dose-dependent histopathological changes (increased presence of pigmented 
macrophages) in the small intestine and cecum were observed when crofelemer was 
administered orally at up to 100 mg/kg/day for 30 days.  In an embryofetal development 
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study in rabbits, there was an increase in the number of resorptions and abortions in 
animals treated with 400 mg/kg/day (8 abortions/resorptions) crofelemer, as compared 
to control treatment (3 abortions).  Maternal toxicity, as indicated by decreases in body 
weight and food consumption, was observed in control and high dose animals.  It is 
unclear whether the effects of crofelemer on the litters (resorptions and abortions) are 
secondary to maternal toxicity.  Crofelemer was not teratogenic in rats and showed no 
evidence of impairment of fertility in male or female rats at oral doses of up to 738 
mg/kg/day.  In a rat pre- and postnatal development study, crofelemer at oral doses of 
up to 738 mg/kg/day did not affect F0 pregnancy and lactation, and survival, sex ratio, 
physical and neurobehavioral development, or reproductive performance of F1 animals.  
Maternal (F0) exposure to crofelemer did not affect fertility parameters of F1 animals or 
embryonic development of F2 generation.   
 
Crofelemer was also tested in juvenile animals.  When administered daily by oral 
gavage to rats for 14 days (postnatal days 5 to 18) at doses of 50 and 100 mg/kg/day, 
there were 4 deaths (2 at high dose and 2 at low dose; none in control).  There were 
also decreases in body weight at both doses tested and clinical chemistry changes, as 
compared to control.  In juvenile monkeys (age 6-8 weeks), crofelemer administered by 
oral gavage at 10, 200 and 500 mg/kg/day for 2 weeks.  Lymphoid depletion from the 
thymus was observed at 200 and 500 mg/kg/day and the no effect dose was 10 
mg/kg/day.   
  
 
The NOAEL dose in dogs provides a sufficient margin of safety for the recommended 
total daily dose of 250 mg/day (125 mg, twice daily).  Thus, from a nonclinical 
standpoint, there are no significant safety concerns for the proposed dose for the 
proposed indication (i.e. control and symptomatic relief of diarrhea in patients with 
HIV/AIDS on anti-retroviral therapy). 
 

1.3 Recommendations 

1.3.1 Approvability 
From a nonclinical standpoint, the NDA application is approvable for the indication 
proposed. 
 
1.3.2 Additional Non Clinical Recommendations 
None 
 
1.3.3 Labeling 
The following changes should be made prior to approval of the sponsor’s proposed 
label. 
 
 
Sponsor’s proposed version: 
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8. USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

 

Recommended Version: 

8. USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

Pregnancy Category C.   
Reproduction studies performed with crofelemer in rats at oral doses up to 177 times 
the recommended daily human dose of 4.2 mg/kg revealed no evidence of impaired 
fertility or harm to the fetus.  In pregnant rabbits, crofelemer at an oral dose of about 96 
times the recommended daily human dose of 4.2 mg/kg, caused abortions and 
resorptions of fetuses.  However, it is not clear whether these effects are related to the 
maternal toxicity observed.  A pre- and postnatal development study performed with 
crofelemer in rats at oral doses of up to 177 times the recommended daily human dose 
of 4.2 mg/kg revealed no evidence of adverse pre- and postnatal effects in offspring.  
There are, however, no adequate, well-controlled studies in pregnant women.  Because 
animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed.   
 
 
Sponsor’s proposed version: 
 
10.0 OVERDOSAGE 
 

 
Recommended version: 
 
10.0 OVERDOSAGE 
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from aqueous solution in rats 
SP-303-F-001 Acute intravenous and intraperitoneal toxicity in mice 
SP303-F-002 Acute intravenous and intraperitoneal toxicity in rats 
SP303-F-003 Acute oral toxicity study in rats 
SP303-F-020 Thirty-day oral toxicity study of SP-303 with a thirty 

day recovery period in rats 
SP303-F-005 Dose range-finding intravenous toxicity study in rats 
SP303-F-010 A 5-day study with test article SP-303 administered 

intravenously to beagle dogs followed by a 2 and 4 
SP303-F-019 A 30-day study with test article SP-303 administered 

orally by gavage to rhesus monkeys followed by a 30-
day recovery period 

SP303-F-
030/035 

2-week oral toxicity study of SP-303 in neonatal rats 

SP303-F-034 A 2-week oral toxicity study of SP-303 in neonatal 
rhesus monkeys 

SP303-F-021 Salmonella/Mammalian microsome plate incorporation 
mutagenicity assay (Ames test) 

May 14, 1997 Tanveer 
Ahmad Ph.D. 

 
 

4 Pharmacology 

4.1 and 4.2 Primary and Secondary Pharmacology 
 
In the non-GLP Study # SP-303-CL-001 (Primary pharmacodynamics), SP-303 inhibited 
V. cholerae toxin- and E. coli heat labile (HL) toxin-induced chloride ion secretion in vitro 
(human intestinal epithelial cell lines Caco-2 and T84 monolayers).  The secretion of 
chloride ions is dependent on cAMP/cGMP-mediated pathways.  SP-303 at a 
concentration of 40 µM inhibited chloride ion secretion by 58.5%, 53.5%, and 85.5%, 
when induced by cholera, E.coli HL, and E. coli STa toxins, respectively.  SP-303-
mediated inhibition does not affect the function of the chloride ion transporter on the 
basolateral side of the intestinal cell wall.  This was demonstrated by a further decrease 
in chloride current induced by butamide, a specific inhibitor of the basolateral chloride 
transporter, in cells treated with SP-303.   
 
The mechanism of action of SP-303 was described in two study reports: SP-303-E-67 
(Effect of SP-303 Pretreatment on Caco-2 Short Circuit Current (SH1)) and SP-303-E-
068 (Effect of SP-303 in Forskolin-Stimulated Isc Caco-2 cells (SH2)).  Both studies 
were conducted at the University of North Carolina (Chapel Hill, NC).  In these non-GLP 
studies, SP-303 was tested at a range of concentrations (1 - 610µM).  Treatment of 
Caco-2 cells with SP-303 at 310 µM on the apical side produced the largest decrease 
(74%) in forskolin-induced chloride ion secretion when forskolin was applied bilaterally.  
This was also demonstrated in Caco-2 cells which were pre-treated with SP-303.  SP-
303 was not cytotoxic at the concentrations tested.  Application of bumetanide (a 
specific inhibitor of Cl- and Na+ transport to the basolateral side produced a  further 
decrease in chloride ion secretion, demonstrating that SP-303 affects chloride ion 
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secretion via a cAMP-mediated pathway, without disrupting the chloride transporter on 
the basolateral membrane. 
 
 
Study title:  Effect of SP-303 and Cholera Toxin Co-treatment on Fluid 
Accumulation in Adult Mouse Model of Secretory Diarrhea 

Study no.: SP-303-E-069 
Study report location: EDR 

Conducting laboratory and location: University of North Carolina 
Chapel Hill, NC 

Date of study initiation: Not provided 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: SP-303, Lot# 426I0893, Purity not 

specified 
 
Methods 

Doses: 25, 50, 100 mg/kg  
Frequency of dosing: Once 

Route of administration: Oral gavage 
Dose volume: Not provided 

Formulation/Vehicle: Solution in 7% NaHCO3 
Species/Strain: Mice/C57Bl/6 (repeated back-crossing of 

CFTR+/- heterozygotes) 
Number/Sex/Group: 3-5/group 

Age: 8-10 weeks of age 
Weight: 12.1 – 36.0 g 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: None 
 
Key Study Findings 
The purpose of this study was to determine the effect of SP-303 pretreatment on 
cholera toxin-induced fluid secretion in an adult mouse model of secretory diarrhea.  In 
this model, mice were gavaged with test article or vehicle (NaHCO3) and then 
administered a single dose of cholera toxin (CT) at 10 µg/15 g body weight.  Cyano-
acrylamide ester was then used as a sealant to inhibit the ileal-cecal reflex.  The entire 
small intestine was isolated from the pylorus to the cecum and the weight of fluid 
accumulated was calculated.  In this study, SP-303 significantly reduced cholera-toxin 
induced fluid accumulation in the small intestine of the sealed adult mouse model by 
99.5% and 78% at 100 and 50 mg/kg, respectively, as compared to positive control 
(vehicle followed by single dose of cholera toxin).   
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Study title:  Effect of SP-303 Post-treatment on Cholera Toxin-Induced Fluid 
Accumulation in the Adult Mouse Model of Secretory Diarrhea 

Study no.: SP-303-E-070 
Study report location: EDR 

Conducting laboratory and location: University of North Carolina 
Chapel Hill, NC 

Date of study initiation: Not provided 
GLP compliance: No 

QA statement: No 
Drug, lot #, and % purity: SP-303, Lot# 426I0893, Purity not 

specified 
 
Methods 

Doses: 0.1, 0.3, 1, 3, 10, 25, 50, 100 mg/kg  
Frequency of dosing: Once 

Route of administration: Oral gavage 
Dose volume: Not provided 

Formulation/Vehicle: Solution in 7% NaHCO3 
Species/Strain: Mice/C57Bl/6 (repeated back-crossing of 

CFTR+/- heterozygotes) 
Number/Sex/Group: 9-12/group 

Age: 8-10 weeks of age 
Weight: 8.0 – 48.0 g 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: None 
 
Key Study Findings 
Using the same adult mouse model of secretory diarrhea, the applicant demonstrated 
the efficacy of SP-303 on inhibiting fluid accumulation.  In this study, SP-303 was 
administered at various doses 3 h after pre-treatment with cholera toxin (CT) at 10 
µg/15 g body weight.  SP-303 decreased fluid accumulation by 88%, 96%, and 74% at 
100, 50 and 25 mg/kg, respectively, as compared to control.  SP-303 did not produce 
statistically significant reductions in fluid accumulation at concentrations below 25 
mg/kg. 
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Study title:  Effect of Enteric coated SP-303 on Intestinal Fluid Accumulation in 
Cholera Toxin-treated Mice 

Study no.: SP-303-E-074 
Study report location: EDR 

Conducting laboratory and location: Shaman Pharmaceuticals, Inc. 
Date of study initiation: Not provided 

GLP compliance: No 
QA statement: No 

Drug, lot #, and % purity: Enteric coated SP-303, Lot # R10574, 
Purity not specified 

 
Methods 

Doses: 131 mg SP-303 in guar gum/kg 
Frequency of dosing: Once 

Route of administration: Oral gavage 
Dose volume: Not specified 

Formulation/Vehicle: Suspension in 0.75% gum guar solution (pH 
2)/Water, Eudragit, gum guar 

Species/Strain: Mouse/C57Bl/6 
Number/Sex/Group: 4 males/group 

Age: 50-52 days old 
Weight: 15.7 – 18.7 g 

Satellite groups: None 
Unique study design: Mice were pretreated with CT and dosed with 

SP-303 (or control) 3 hours later.  Mice were 
sacrificed at 6 h and 7h post-dose and fluid 
accumulation was calculated. 

Deviation from study protocol: None 
 
Key Study Findings 
The purpose of this study was to determine the efficacy of enteric-coated SP-303 on 
fluid accumulation (FA) after cholera toxin (CT) treatment in the mouse model of 
secretory diarrhea.  Enteric-coated SP-303 produced a marked decrease in FA at 7 
hours post-dose, as compared to FA measured in SP-303-treated animals at 6 h post-
dose, which was similar to H2O (vehicle) treatment.  The decrease in FA at 7 h post-
dose observed with 131 mg/kg SP-303 was further compared to treatment with vehicle 
(water, Eudragit & sugar/gum guar).  SP-303 treatment produced a statistically 
significant decrease in FA of 45% and 38%, as compared to treatment with water and 
Eudragit & sugar/gum guar solution, respectively. 
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Methods 
Doses: Vehicle, 60, 200, 600 mg/kg Crofelemer, 20 

mg/kg Chlorpromazine 
Frequency of dosing: Once 

Route of administration: Oral gavage 
Dose volume: 10 mL/kg 

Formulation/Vehicle: Solution in purified water/Purified water 
Species/Strain: Rat/CD [Crl:CD(SD)] 

Number/Sex/Group: 6 males/group 
Age: 6 weeks of age 

Weight: 171-199 g 
Satellite groups: None 

Unique Study Design: None 
Deviations: None 

 
The following evaluations (Functional Observational Battery, FOB) were conducted on 
all animals at 1 hour and 24 hours post-dose in each group:  

 
 
Key Study Findings 
Crofelemer, at oral doses of up to 600 mg/kg, did not produce any remarkable effects 
on neurobehavioral functions, as measured in the functional observational battery 
(FOB), in male rats.  The 200 mg/kg crofelemer dose group showed an increase in 
mean grip strength at 24 h postdose; however, no dose response was observed and 
this effect was considered to be unrelated to treatment.  The positive control 
chlorpromazine produced a decrease in general arousal and body temperature and an 
increase in palpebral closure, forelimb grip strength, and hindlimb splay.  There were no 
other treatment-related changes with crofelemer, as compared to vehicle control.   
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Study title:  Potential Pulmonary Effects of Orally Administered Crofelemer in 
Rats 

Study no.: 1310-014 
Study report location: EDR 

Conducting laboratory and location:  
Date of study initiation: September 29, 2009 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: Crofelemer, Lot # 3072906R, Purity not 
specified (Sponsor provided a statement 
listing the 37 API lots which were  

 to generate the test article.  
The sponsor stated that Lot 3072906R 
had an as-is potency value of 97.9% and 

   
 
Methods 

Doses: Vehicle (0 mg/kg), 60, 200, 600 mg/kg 
Crofelemer, 100 mg/kg baclofen (positive 
control) 

Frequency of dosing: Once 
Route of administration: Oral gavage 

Dose volume: 10 mL/kg (vehicle and crofelemer), 15 mL/kg 
(baclofen) 

Formulation/Vehicle: Aqueous solution/purified water 
Species/Strain: Rat/CD [Crl:CD(SD)] 

Number/Sex/Group: 8/group 
Age: 6 weeks 

Weight: 227-258 g 
Satellite groups: None 

Unique study design: None 
Deviation from study protocol: None 
 
Key Study Findings 
The purpose of the study was to determine whether orally administered crofelemer 
produced effects on respiratory parameters, as compared to vehicle (purified water) and 
positive control (baclofen).  Pulmonary evaluation was conducted in a plethysmograph 
chamber, with at least 2 hours of monitoring pre-dose.  After dosing, each animal was 
observed in the chamber for 4 h and the following parameters were monitored: 
respiratory rate, tidal volume, and minute volume. 
 
Treatment with crofelemer at the highest dose (600 mg/kg) produced some sporadic 
decreases in respiratory rate and/or minute volume, as compared to control; however, 
these changes were not statistically significant.  Clinical signs, such as difficulty 
breathing, brown material around mouth, and red material around nose, were observed 
in 1-3 animals treated with crofelemer at all doses.  All baclofen-treated animals had 
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Clinical signs related to treatment were observed at 35 mg/kg which included loss of 
consciousness due to hypotension, decreased activity, absent papillary and swallowing 
reflexes, excessive salivation, mydriasis, urination, absent pain sensation.  At the high 
dose, animal #1001 showed a 60% and 78% decrease in mean arterial blood pressure 
(MABP) and 38% and 47% decrease in heart rate at 5 and 10 min post-dose, 
respectively.  In animal #1002, which was pre-treated with atropine, there was an 
increase in heart rate pre-dose, immediately post-dose, followed by a 40% decrease at 
20 min post-dose, and a 51-78% decrease in MABP at sacrifice.  When infused over a 
15 min period, heart rate and MABP decreased similarly (40% and 57%, respectively) 
and returned to pre-treatment values 15 min after the end of the infusion.  There were 
no changes in ECG.  There was a decrease in the absolute number of white blood cells 
and platelets at doses of SP-303 ≥ 10 mg/kg, regardless of whether SP-303 was 
administered as a bolus injection or as an infusion.                         
 
 
Study Title:  Effects of Crofelemer on hERG K+ currents in HEK-293 cells (non-
GLP) 
Study #:  AA63535 
 
Human embryonic kidney cells (HEK-293) stably expressing the hERG (human ether-a-
go-go) K+ channel were treated with crofelemer at concentrations ranging from 0.001 
µM to 30 µM.  Whole cell patch clamp technique was used to measure IKr (rapid 
potassium current) after crofelemer treatment.  Crofelemer inhibited IKr in a dose-
dependent manner with IC50 values of 1.79 µM and 1.75 µM for the first and second set 
of experiments, respectively.  The positive control cisapride (10 µM) inhibited IKr by 
99.67 and 100.47% in the first and second sets of experiments, respectively.  
Crofelemer is poorly absorbed (~1%) after oral administration and is highly bound 
(~98%) to human plasma protein.  Because of its low oral bioavailability, the amount of 
free crofelemer available to produce IKr inhibition would be minimal.   
 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
 
Absorption 
 
The following studies were reviewed previously by Dr. Tanveer Ahmad and are included 
here verbatim.  
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Study Title:  Metabolic stability of crofelemer in human liver microsomes 
Study #:  CRDM0100 
 
The purpose of this study was to determine the metabolic stability of crofelemer (5 µM) 
in human liver microsomes in the presence/absence of NADPH.  Crofelemer was 
incubated for up to 60 min (± NADPH-generating system) with human liver microsomes.  
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At the end of 60 min, the percentage of crofelemer detected was 13% and 96% of the 
starting amount in the presence and absence of NADPH, respectively.  These results 
indicated that crofelemer metabolism was enzymatic and dependent on NADPH.  In 
human liver microsomes, crofelemer had an in vitro half life and in vitro clearance of 
15.3 min and 90.4 µL/min/mg microsomal protein, respectively. 
 
 
Study Title:  In vitro evaluation of crofelemer as an inducer of cytochrome p450 
expression in cultured human hepatocytes 
Study #:  CRDM0102 
 
The purpose of the study was to determine the ability to induce cytochrome P450 (CYP) 
enzymes in cultured human hepatocytes.  Crofelemer (10, 100 or 1000 nM), vehicle 
(0.1% v/v dimethylsulfoxide), or known CYP inducers (100 µM omeprazole, 750 µM 
phenobarbital, 10 µM rifampin) was added to primary cultures of human hepatocytes 
and cells were incubated.  After incubation, cells were harvested and microsomes were 
isolated and analyzed for activation of specific CYP enzymes.  Study results are 
summarized in the table below: 

 
 
Under the conditions of this study, crofelemer at doses of up to 1000 nM failed to induce 
CYP enzymes CYP1A2, 2B6, and 3A4/5. 
 
 
Study Title:  In vitro interaction studies of crofelemer with human MRP2 (ABCC2) 
and MRP4 (ABCC4) ABC (efflux) transporters, and with human OATP2B1 (OATP-
B), PEPT1, OATP1A2 and ASBT (SLC10A2) uptake transporters 
Study #:  CRDM0103 
 
The ability of crofelemer to inhibit efflux and uptake transporters was investigated in 
vitro.  Transport assays were performed using membrane vesicles which were prepared 
from CHO cells overexpressing the transporter of interest.  Crofelemer was incubated 
with the membrane preparations and compared with the appropriate positive and 
negative controls for each assay.  Study results showed that crofelemer inhibited 
transport of substrates specific for MRP2 and MRP4 with an IC50 of 15 and 7 µM, 
respectively.  Crofelemer also potently inhibited OATP2B1, PEPT1, ASBT, and 
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OATP1A2 transporters with an IC50 of 39, 50, 7 and 7 µM, respectively.  These results 
are summarized in the table below. 
 
Table:  Inhibition of human efflux and uptake transporters by crofelemer 
Assay IC50 (µM) Max inhibition  

(% control) 
MRP2  15 100 
MRP4 7 100 
OATP2B1 39 95 
PEPT1 50 91 
ASBT 7 96 
OATP1A2 7 99 
 
 
Distribution 
 
Study Title:  A mass balance and tissue distribution study of radioactivity in 
Sprague-Dawley rats administered a single oral dose of [14C]-methylated 
crofelemer 
Study #:  1482-008 
 
The purpose of this study was to determine the metabolic stability, absorption, and 
excretion of crofelemer after a single oral administration in rats.  Male rats were 
administered a single dose of 2.8 mg/kg 14C-methylated crofelemer (5 mL/kg dose 
volume).  The majority of radioactivity was detected in the feces (88.2% of dosed 
radioactivity).  The radioactivity recovered was 0.98% in urine and 0.88% in cage 
residues, indicating that crofelemer was poorly absorbed (1-2% of dosed radioactivity).  
No radioactivity was measured in expired air, pelt, tail skin, and carcass.  In a second 
study, at 72 h post-dose, the mean recovery of radioactive crofelemer was 107.84 ± 
1.64% of the dose, with majority of the radioactivity being detected in the feces.  An 
examination of harvested tissues from treated animals revealed that the majority of 
crofelemer was excreted unabsorbed, with minimal urinary excretion within 24 h post-
dose.  At 24 h post-dose, the majority of crofelemer remained in the gastrointestinal 
tract.  By 72 h post-dose, the majority of radioactivity was recovered.   
 
 
Study Title:  Protein binding of 14C-methylated crofelemer 
Study #:   021285-1 
 
This study report references Study # 021485-1 (In-vitro studies of NP-303), which is 
reviewed below.   
 
The purpose of this study was to determine: the intestinal permeability of NP-303 using 
Caco-2 cell monolayers; the percent of NP-303 that binds to proteins in human plasma; 
and the effect of NP-303 on the metabolic activity of CYP 1A2, 2B6, 2C9, 2C19, 2D6, 
2E1, and 3A4 isozymes in pooled human liver microsomes.  Crofelemer displayed high 
protein binding ability (95.4% and 98.8% at 30 and 50 µM [14C] NP-303, respectively).  
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The average recovery of test article from the dialysis apparatus was 95% and 90% of 
total radioactive dose, at the low and high dose respectively, suggesting that there was 
minimal nonspecific binding.  When tested for the ability to inhibit CYP enzymes, 
crofelemer did not show significant inhibitory activity in pooled human liver microsomes, 
as compared to positive controls.  These data are shown in the sponsor’s tables below: 

 
 
In Caco-2 cell monolayers, crofelemer showed very low permeability in the apical to 
basolateral (A B) direction and no permeability in the B A direction, regardless of the 
presence of the P-glycoprotein inhibitor verapamil.  These data are summarized in the 
sponsor’s table below: 

 
 
 
Study Title:  Binding of SP-303 to proteins 
Study #:  SP-303-A-059 
In a series of in vitro studies, the sponsor demonstrated that SP-303 binds to various 
proteins.  In simulated gastric fluid (pH 1.05), SP-303 formed a reddish precipitate when 
added to a final concentration of 20 mg/mL.  High performance capillary electrophoresis 
of the filtrates revealed that the peak area of pepsin was reduced by 93% with the 
addition of SP-303, which corresponds to a removal of 3.2 mg/mL SP-303 and 2.98 
mg/mL pepsin from the reaction due to precipitation.  In separate studies with insoluble 
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This study was conducted to determine whether crofelemer would inhibit the following 
CYP enzymes in human liver microsomes: CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, and 
3A4/5.  Under the conditions of the experiment, crofelemer inhibited all CYP enzymes 
tested with IC50 of 0.28-3.5 µM (summarized in the sponsor’s table below).  Crofelemer 
showed time and metabolism dependent increase in inhibitory activity against 
CYP3A4/5 only.    

 
 

5.2 Toxicokinetics  
 
Study Title:  Toxicokinetics of crofelemer from repeat-dose toxicology study 
28809 in rats 
Study #:  SP-303-F-041 
 
This study report was submitted in Appendix E, Study # SP-303-F-046 (An oral dose 
range-finding study of microencapsulated provir in rats ( 288009), See review on 
page 39 of this document).  Briefly, rats were administered 0 or 1200 mg/kg/day 
microencapsulated enteric coated SP-303 for 7 days and blood samples were collected 
on day 6 at 1, 2, 4, 6, and 24 h post-dose by the CRO.  Samples were then shipped to 
the sponsor, who conducted the TK analysis.   SP-303 was not detected in the plasma 
of placebo-treated animals.  Animals treated with 1200 mg/kg/day SP-303 had plasma 
levels ranging from 1.3 to 4.0 µg/mL beginning at 2 h post-dose.  SP-303 levels could 
be detected at up to 24 h post-dose.  AUC1 24 was 43.7 µg·h/mL when rats were orally 
administered 1200 mg/kg/day microencapsulated enteric coated SP-303. 
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Study Title:  Toxicokinetics of crofelemer from repeat-dose toxicology study SP-
303-F-042 in dogs 
Study #:  SP-303-F-040 
 
This study report was submitted as part of Study # SP-303-F-042 (An escalating dose 
oral toxicity study provir (enteric coated tablets) in dogs ( 288008), which is 
reviewed on page 40 of this document).  Briefly, dogs were administered enteric coated 
SP-303 tablets at a dose of 600 mg/kg/day for 7 days and blood samples were collected 
on Days 0 and 6.  TK analysis indicated that SP-303 levels were ≤ 1.4 µg/mL in the 
plasma during the first 6 h and increased to 5 – 14.3 µg/mL within the first 24 h.  Plasma 
levels were similar when measured on Day 6.   
 
 
Study Title:  Toxicokinetics of crofelemer from repeat-dose toxicology study SP-
303-F-047 in dogs 
Study #:  SP-303-F-080 
 
This study report was submitted as part of Study # SP-303-F-047 (An escalating dose 
oral toxicity study enteric coated SP-303 in dogs ( 288012)) reviewed on page 39 of 
this document.  Briefly, dogs were administered enteric coated SP-303 tablets at a dose 
of 800 mg/kg/day for 7 days and blood samples were collected on Days 0 and 6.  TK 
analysis indicated that SP-303 levels were 1.1 – 4.7 µg/mL on Day 0 and plasma levels 
were higher on Day 6 (3.4 – 19.2 µg/mL).  AUC1 24 on Day 0 and Day 6 ranged from 
47.5 – 131.6 µg·h/mL and 140.6 µg·h/mL  - 382.6 µg·h/mL, respectively.   
 
 
Study Title:  Toxicokinetics of crofelemer from repeat-dose toxicology study SP-
303-F-048 in dogs 
Study #:  SP-303-E-081 
 
Please refer to the review of Study # SP-303-F-048 (A 30-day oral toxicity study of 
enteric coated SP-303 in dogs ( 288006) located on page 55 of this document. 
 
Additional TK studies are reviewed with the associated general toxicity study. 
 
 

6 General Toxicology 

6.1 Single-Dose Toxicity 
Single dose toxicity studies were conducted in mice (intravenous, IV, and 
intraperitoneal, IP), rats (oral and IP), and dogs (oral and IV).  Full study reports were 
provided with the NDA and are summarized briefly here. 
 
In a GLP study (Study # SP303-F-001), SP-303 (or vehicle, 5% dextrose) was injected 
into the tail vein of CD-1 mice (10/sex/dose) at 0, 6.25, 12.5, 25, and 50 mg/kg in a 
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volume of 5 mL/kg.  IP injections were administered at doses of 10, 20, 50, and 100 
mg/kg in 10 mice/sex/dose.  The LD50 of SP-303 was > 50 mg/kg and >100 mg/kg when 
administered IV and IP, respectively.   
 
In rats, two oral single dose studies (Study # SP-303-F-046 and Study # SP-303-F-003), 
one IP study (Study # SP-303-AT-002), and one IV study (Study # SP-303-F-002) were 
conducted.  Oral studies in Crl:CD(SD)BR rats (2/sex/dose) demonstrated that 
microencapsulated SP-303 at 600, 1200, and 2400 mg/kg by gavage followed by a 
water flush.  All animals treated with 1200 mg/kg died within 4 h of dosing, even though 
the 2400 mg/kg was tolerated.    Rales was the predominant treatment-related clinical 
sign.  In an IV study, SP-303 (or vehicle, 5% dextrose) was injected into the tail vein 
(6/sex/dose) at 0, 0, 3, 10, 20, and 50 mg/kg in a volume of 5 mL/kg.  IP injections were 
administered at doses of 10, 20, 50, and 100 mg/kg in a volume of 10 mL/kg.  The LD50 
of SP-303 was > 50 mg/kg and >100 mg/kg when administered IV and IP, respectively.  
IP-treated animals had increased liver size and spleen discoloration at the high dose. 
 
In dogs, the toxicity of enteric-coated, gelatin encapsulated SP-303 was investigated in 
2 studies (Study # SP-303-F-042 and Study # SP-303-F-047).  SP-303 was tolerated at 
doses of up to 1200 mg/kg after oral administration.  Treatment-related clinical signs 
included abnormal excreta, decreased food consumption, emesis and weight loss.  
Severity of GI-related adverse effects was greatest at the high dose of 1200 mg/kg.  
When administered intravenously (Study # SP-303-F-004), the MTD of SP-303 was 
18.9 mg/kg.   
 

6.2 Repeat-Dose Toxicity 
 
In a dose range-finding (DRF) study, 1200 mg/kg/day microencapsulated test article 
(Study # SP-303-F-046) was orally administered for 7 days to Sprague-Dawley rats 
(6/sex/dose).  There were 4 unscheduled deaths in SP-303-treated animals, with 
esophageal changes indicative of dosing errors in 2 of the animals.  One animal 
receiving control treatment (slurry of 40-60 mesh sugar spheres in Eudragit L30D-55) 
also died prior to terminal sacrifice, although the cause of death was unclear.  Clinical 
signs, which were observed in both SP-303 and control animals, included rales, 
dehydration, small feces, red material on body surfaces and yellow material on 
urogenital area.  Histopathological changes in the esophagus (muscle degeneration, 
fibrosis and mononuclear cells infiltration) and stomach (moderate gastric necrosis and 
mild acute gastric inflammation) were noted in some of the 1200 mg/kg/day-treated 
animals.  Based on the results of this DRF study, doses of 100 and 600 mg/kg/day SP-
303 were chosen for the 1 month repeat-dose study along with a different control, since 
there was significant toxicity observed in control animals in this study.   
 
Several DRF studies were conducted in beagle dogs (2 males/group) using different 
formulations of SP-303.  In Study # 218-20-03-91, test article was dissolved in 
sterile water and administered by oral gavage at a dose of 100 mg/kg/day for 5 days.  
As compared to control (sterile water, 4 mL/kg), SP-303 produced vomiting, a decrease 
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in food consumption, and dark discoloration of the proximal small intestine with no 
histopathological findings.  Therefore, SP-303 was tolerated at 100 mg/kg/day, but 
produced mild gastrointestinal changes in dogs.  When administered at 800 mg/kg/day 
for 7 days as enteric coated tablets, SP-303 produced body weight losses and 
significant signs of toxicity in the gastrointestinal system (dark mucoid/rust colored 
feces, sporadic emesis, microscopic changes indicative of intestinal tract damage).  At a 
dose of 600 mg/kg/day as enteric coated tablets (Study # SP-303-F-042) for 7 days, 
SP-303 produced changes in excreta and minor body weight loss, and test article 
tablets were noted in the gastrointestinal tract at necropsy.  Therefore, the 600 
mg/kg/day oral dose administered as enteric coated tablets was tolerated.  When 
administered intravenously for 5 days (Study # SP-303-F-009), SP-303 produced dose-
dependent increases in CNS-related clinical signs, changes in clinical chemistry and 
hematology, gross and microscopic changes at doses > 20 mg/kg/day.   
 
In Study # SP-303-F-012, intravenous administration of 5 mg/kg/day (1 h infusion) of 
SP-303 for 5 days to African Green monkeys did not produce any changes in 
hematological parameters.  Likewise, when administered orally at 50 mg/kg/day for 5 
days, SP-303 did not affect hematological parameters.  In a 5-day repeat-dose oral 
toxicity study (Study # SP-303-F-013), SP-303 was tolerated at doses of up to 900 
mg/kg/day with no significant treatment-related adverse effects.  The NOAEL dose of 
SP-303 after oral administration for 14 days was greater 10 mg/kg but lower than 200 
mg/kg/day (Study # SP-303-F-022), since doses of 200 and 500 mg/kg/day produced 
dose-dependent increases in GI-related adverse effects and histopathological changes 
consistent with thymic lymphoid involution.  This was further confirmed in another 14-
day study (Study # SP-303-F-014) where oral administration of SP-303 at doses up to 
100 mg/kg/day failed to produce significant treatment-related toxicities.   
 
The following studies were previously reviewed by Dr. Tanveer Ahmad and are included 
here verbatim.  
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Twice daily oral dosing with crofelemer at doses of up to 1200 mg/kg/day in mice 
produced several deaths.  Two males and 3 females at 1200 mg/kg/day and 1 female at 
120 mg/kg/day died prior to scheduled termination.  Clinical signs observed in these 
animals included audible/difficult breathing, brown/red material around the mouth, 
hunched posture, decreased activity, thin, and/or cold to touch; however, a clear cause 
of death was not identified.  In surviving animals, clinical signs, which included unkempt 
appearance, decreased/absent feces, discolored/sparse/absent hair and/or scabbing, 
were not dose dependent.  Minor changes in hematology and clinical chemistry were 
observed at 400 and 1200 mg/kg/day.  Crofelemer was tolerated at up to 400 mg/kg/day 
in mice. 
 
Methods 

Doses: 40, 120, 400, 1200 mg/kg/day 
Frequency of dosing: Twice daily, 8 h apart 

Route of administration: Oral gavage 
Dose volume: 10 mL/kg/dose 

Formulation/Vehicle: Solution in phosphate buffered saline (PBS) pH 
7.4/PBS 

Species/Strain: Mice/Crl:CD1(Icr) 
Number/Sex/Group: 10/sex/group 

Age: 6 weeks old 
Weight: 26.7 – 32.7 g (males), 22.0 – 25.9 g (females) 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: None 
 
Observations and Results 

Mortality 
All animals were observed twice daily during the treatment period for morbidity, 
mortality, injury and availability of food and water.   
 
There were several deaths during the course of treatment with SP-303: 2 males and 3 
females at 1200 mg/kg/day and one female at 120 mg/kg/day.  There were 2 deaths on 
Study Days 21 and 23 in males at 1200 mg/kg/day.  The 120 mg/kg/day female died on 
Study Day 28.  The 1200 mg/kg/day females died on Study Days 6, 9, and on 28. 
 
Clinical Signs 
Assessment of clinical signs was conducted daily for all animals. 
 
Clinical signs observed in animals that died prior to scheduled sacrifice included 
audible/difficult breathing, brown/red material around the mouth, hunched posture, 
decreased activity, thin, and/or cold to touch.  Clinical signs in surviving animals 
included unkempt appearance, decreased/absent feces, discolored/sparse/absent hair 
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and/or scabbing.  A clear treatment-related effect could not be identified.  Clinical signs 
in animals while on study did not indicate a clear cause of death.   
 
Body Weights 
Body weights were measured at receipt, prior to randomization, and weekly during the 
course of the study. 
 
There were no changes in body weight related to treatment. 
 
Feed Consumption 
Food consumption was recorded weekly during the course of the study. 
 
There were no changes in food consumption related to treatment. 
 
Ophthalmoscopy 
Ophthalmoscopic examinations were conducted on animals prior to initiation of SP-303 
dosing and just before study termination. 
 
One high dose male had cataract and phthisis bulbi in the right eye.  One 120 
mg/kg/day female had a cataract and retinal atrophy in the left eye.  These were 
considered to be unrelated to treatment.  No other treatment-related findings were 
reported in any other animals. 
 
ECG 
ECG was not monitored.   
 
Hematology 
Sampling for hematological evaluation was obtained from 5 animals/sex/dose prior to 
terminal necropsy.  The following parameters were measured: leukocytes, erythrocytes, 
hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, platelets, absolute and percent 
reticulocytes, neutrophils, lymphocytes, monocytes, eosinophils, basophils, and large 
unstained cells. 
 
Minor decreases (< 10%) in hemoglobin and hematocrit were observed in 400 (Hct only) 
and 1200 mg/kg/day females, as compared to control females.  No other treatment-
related changes were reported. 
  
Clinical Chemistry 
Sampling for clinical chemistry evaluation was obtained from 5 animals/sex/dose prior to 
terminal necropsy.  The following parameters were measured: calcium, phosphorus, 
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alkaline phosphatase, total bilirubin, aspartate aminotransferase, alanine 
aminotransferase, urea nitrogen, total protein, albumin, globulin, albumin/globulin ratio, 
and glucose. 
 
At the high dose of 1200 mg/kg/day, there was an increase in globulins (~9%) and total 
protein (~13%) in males and an increase in phosphorus in females, as compared to 
control animals.  No other significant treatment-related findings were reported.  
Therefore, crofelemer at up to 400 mg/kg/day did not produce any changes in clinical 
chemistry parameters. 
 
Urinalysis 
Urinalysis was not conducted. 
 
Gross Pathology 
Necropsy was performed on all animals.  In addition to examining the external surface, 
the thoracic, abdominal and cranial cavities were also examined.   
 
Discoloration (black) of duodenum at the highest dose was observed in males and 
females (1-2 animals/10).  No other treatment-related findings were reported. 
 
Organ Weights 
Organ weights were determined at necropsy with paired organs being weighed 
together.  The thyroid and bilateral parathyroid were weighed together, as were the right 
mandibular/sublingual salivary glands.   
 
There were no significant treatment-related changes in organ weights in either sex. 
 
Histopathology 
Adequate Battery:  Yes 
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Peer Review:  No 
 
Histological Findings:  Microscopic examination did not reveal significant treatment-
related changes in either sex. 
 

Special Evaluation 
None 
 

Toxicokinetics 
None 
 

Dosing Solution Analysis  
Samples were collected but not analyzed by the CRO, under the direction of the 
sponsor. 
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Methods 
Doses: 0, 40, 400, 1200 mg/kg/day 

Frequency of dosing: Twice daily 
Route of administration: Oral 

Dose volume: 10 mL/kg 
Formulation/Vehicle: Aqueous solution/Purified water 

Species/Strain: Mice/Crl:CD1(ICR) 
Number/Sex/Group: Main Study: 15/sex/group 

TK Study: 8/sex (Control) and 39/sex/group 
(crofelemer) 

Age: 6 weeks old 
Weight: 27.5-33.9 g (Males), 22.4-27.6 g (Females) 

Satellite groups: Yes 
Unique study design: The TK high dose group was terminated on Day 

56. 
Deviation from study protocol: None which affected the outcome of the study 
 
Observations and Results 

Mortality 
All animals were examined twice daily for signs of morbidity and mortality. 
 
Eight animals were replaced within the first week of the study because of mortalities in 
all three crofelemer dose groups: 1 animal in control group, 3 animals at 400 mg/kg/day, 
and 4 animals at 1200 mg/kg/day.  There were several unscheduled deaths during the 
course of the study.  There were 20 deaths (13 females, 7 males) in the 1200 
mg/kg/day dosing group, with 15 animals declared as an undetermined cause of death 
and 5 as accidental injury.  There were 5 deaths (1 due to accidental injury, 4 due to 
undetermined causes) in the mid-dose group and 2 deaths (accidental injury and 
undetermined cause, one each) in the low dose group.  There were also 2 deaths in the 
control group (cause of death was undetermined).  Animals labeled as “undetermined 
cause of death” represent those in which microscopic examination failed to reveal a 
cause of death.   These results are summarized in the sponsor’s table below: 

Reference ID: 3168746



NDA # 20-2292  Reviewer: Sruthi Tallapragada King, Ph.D. 
 

66 

 

 
 
Clinical Signs 
All animals were examined twice daily for signs of injury.  All main study animals 
underwent a detailed clinical examination prior to randomization and weekly thereafter 
during the course of the study.  Detailed clinical examination included an evaluation of 
skin, fur, eyes, ears, nose, oral cavity, thorax, abdominal cavity, external genitalia, limbs 
and feet, respiratory and circulatory effects, autonomic effects, and nervous system 
effects. 
 
Clinical signs observed in animals of both sexes treated with 400 and 1200 mg/kg/day 
crofelemer included audible, difficult, shallow/slow breathing, decreased activity, pale 
body and/or skin cold to the tough, unkempt appearance, and/or distended abdomen.  
In some cases, these animals also had few/absent feces, partially closed eyelids.  The 
number of animals experiencing these adverse effects was greater at the high dose.  
There was greater morbidity observed in animals at the high dose.     
 
Body Weights 
Body weights were recorded prior to randomization and weekly during the course of the 
study. 
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There was a statistically significant decrease (~ 10%) in body weight in males treated 
with doses ≥ 400 mg/kg/day crofelemer.  Body weight changes were not significant in 
females in any dose group. 
 
Feed Consumption 
Food consumption was measured weekly during the course of the study for main study 
animals only. 
 
Overall, food consumption was similar throughout the duration of the study.  There 
were, however, sporadic, statistically significant decreases in food consumption at all 
doses of crofelemer, as compared to placebo. 
 
Ophthalmoscopy 
Ophthalmoscopic examinations were conducted on all main study pretest and at 
terminal necropsy by one veterinary ophthalmologist.  Another veterinary 
ophthalmologist conducted examinations on Day 55 for 1200 mg/kg/day main study 
animals. 
 
There were no treatment-related ophthalmological findings in the crofelemer dosing 
groups. 
   
ECG 
No ECG studies were conducted. 
 
Hematology 
Samples for hematological analysis were collected from all main study animals prior to 
terminal necropsy on Day 56 (for 1200 mg/kg/day dose group) or on day 92 (all other 
dose groups).  The following parameters were assessed: leukocytes, erythrocytes, 
hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, 
mean corpuscular hemoglobin concentration, platelets, absolute reticulocytes, 
neutrophils, band neutrophils, lymphocytes, monocytes, eosinophils, basophils, and 
other cells. 
 
Hematological changes from the 1200 mg/kg/day dose group cannot be compared to 
the control group since sampling was conducted at 2 separate times (Day 56 for high 
dose and Day 92 for all other dose groups).  When compared to control, crofelemer 
treatment at 400 mg/kg/day produced a decrease in lymphocytes, eosinophils, 
basophils and an increase in other cells (not specified) in females only.  No such 
changes were observed in males. 
 
Clinical Chemistry 
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Sampling for clinical chemistry analysis was conducted on all main study animals prior 
to necropsy on Day 56 (for 1200 mg/kg/day dose group) or on day 92 (all other dose 
groups).  The following parameters were assessed: calcium, phosphorus, alkaline 
phosphatase, total bilirubin, aspartate amino transferase, alanine amino transferase, 
urea nitrogen, total protein, albumin, globulin, albumin/globulin ratio, and glucose. 
 
Clinical chemistry changes from the 1200 mg/kg/day dose group cannot be compared to 
the control group since sampling was conducted at 2 separate times (Day 56 for high 
dose and Day 92 for all other dose groups).   
 
When compared to  control, crofelemer did not produce significant changes in clinical 
chemistry parameters at any dose.  There was a slight increase (14.5%) in urea 
nitrogen in 400 mg/kg/day females, as compared to control.  No other changes were 
noted. 
 
Urinalysis 
No urinalysis was conducted. 
 
Gross Pathology 
Necropsy was performed on all animals, regardless of whether they died while on study 
or were sacrificed at study termination.  Animals were examined for palpable masses, 
signs of external and internal abnormalities, signs of injury/adverse effects in thoracic, 
cranial, and abdominal cavities.   
 
Necropsy revealed that the cecum, colon, ileum, and jejunum were distended with gas 
in high dose males.  Similar observations were made in high dose females, along with 
gas distention in the stomach.  Gas distention was also observed in a few mid-dose 
males in the TK group.  There were no other significant treatment-related findings. 
 
Organ Weights 
Organ weights were recorded at necropsy for all surviving main study animals and the 
TK animals treated with 1200 mg/kg/day.  Paired organs were weighed together. 
 
There were several changes in organ weights in the crofelemer treatment groups.  
However, the significance of these changes is not apparent, since they did not correlate 
to histopathological changes.  There was a < 21% decrease in kidney weight in males at 
both 400 and 1200 mg/kg/day, as compared to control.  In both males and females, 
there was a decrease in salivary, mandibular gland weight (~25-30%) in main study and 
TK animals at 400 mg/kg/day (females only) and 1200 mg/kg/day (males and females), 
as compared to control.  There was an increase in thyroid/parathyroid weight in males 
at the high dose; however, the sponsor attributed this increase to the presence of 
excess non-thyroid/parathyroid tissue, which was identified under microscopic 
examination.  In high dose TK females, there was a decrease in weights of brain (~6%), 
adrenal (~33%), heart (~17%), kidney (~18%), liver (~12.5%), lungs with bronchi 
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(~24%), pituitary (~15.6%), and salivary/mandibular glands (~30%), as compared to 
controls. 
 
Histopathology 
Microscopic examination was conducted on tissues from animals in the control, 400 and 
1200 mg/kg/day treatment groups, all animals found dead and those euthanized in 
extremis. 
 
Adequate Battery:  Yes 
The following organs/tissues were harvested and processed for histopathological 
analysis. 

 
 
Peer Review:  no  
 
Histological Findings:  Microscopic evaluations revealed lesions in lungs, trachea, 
and/or larynx in 7 of the animals which died prior to terminal sacrifice.  The lesions were 
likely a result of gavage injury, aspiration of test article, and/or presence of test article.  
In the remaining 20 animals which died while on study, the cause of death was listed as 
“undetermined” due to lack of supporting microscopic changes.   In males at the high 
dose, mild inflammation was noted in the esophagus.  Lymphoid depletion in the thymus 
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at 400 and 1200 mg/kg/day and necrosis in the lymphoid cortex of the thymus were 
observed in high dose females.   
 
Special Evaluation 
None 
 

Toxicokinetics 
Samples for TK analysis were collected from 3 animals/sex/dose group at predose and 
at 0.5, 1.5, 4, 6, and 8 h post dose on Days 1, 56 (1200 mg/kg/day group only) and 91.   
 
TK analysis was conducted only on plasma samples from the 1200 mg/kg/day dose 
group because plasma concentration of crofelemer was below the limit of quantitation at 
the lower doses.  The applicant’s table below summarizes the TK results for the 1200 
mg/kg/day dose group. 
 

 
 
In the 1200 mg/kg/day dose group, females showed slightly higher systemic exposure 
to crofelemer than males.  On Day 1, Cmax was reached at 0.5 h in males and 8 h in 
females, whereas it was reached at 1.5 h in males on Day 56.  Plasma levels of 
crofelemer were higher in both sexes on Day 56 than on Day 1 indicating accumulation 
of drug with increased duration of use.   
 
Dosing Solution Analysis 
Dosing formulations were evaluated for stability, concentration and homogeneity at 
various times during the study period. 
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Study title: 26-week oral toxicity study of crofelemer administered to rats 
followed by a 4-week recovery period  

Study no.:  1482-002 
Study report location: EDR 

Conducting laboratory and location:   
Date of study initiation: July 1, 2007 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity:  Crofelemer; Lot #s AA0067003, 
AA0067029, AA0067007, AA0067002, 
AA0067004, AA0067005, AA0067006; 
Purity 90-110% 

 
Key Study Findings 
Six males and six females at 600 mg/kg/day (high dose) and 2 females each in the 200 
and 60 mg/kg/day dose groups died prior to scheduled study termination.  Dosing error 
and lymphoid tumor were the cause of death in 8 and 1 animal, respectively, while the 
cause of death was undetermined in the remaining animals.  Clinical signs, which were 
reversed at the end of the recovery period, included audible and/or difficult breathing in 
2 and 9 animals treated with 400 and 1200 mg/kg/day crofelemer, respectively, and 2 
control animals (one male and one female).  Four high dose males were observed as 
being thin during the dosing period.  Slight changes in body weight were reversed at the 
end of the recovery period in both sexes.  Changes in hematology and clinical chemistry 
parameters at the mid- and high doses during the dosing period normalized after the 
treatment free period.  However, there were several hematology and clinical chemistry 
changes which were only observed in recovery animals, including an increase in platelet 
count in all recovery males treated with crofelemer, slight increases chloride and 
calcium levels in high dose and mid-dose females (calcium only), increase in creatinine 
in high dose females, increase in albumin at the mid- and high dose, and increase in 
glucose in all crofelemer treated recovery females.  Brown and white discoloration in the 
lung (w/bronchi) was observed at 600 mg/kg/day in one male and one female.  
Microscopic examination revealed an accumulation of pigmented macrophages around 
airways, secondary to aspirated test article.  Inflammatory reaction was observed in 
both sexes and foreign material was noted in airway of the female animal, suggesting 
that these findings were likely related to dosing procedure.  Brown and black 
discoloration in the duodenum of high dose animals was not observed at recovery 
necropsy; however, one male and one female had mild and moderate green 
discoloration of the duodenum, respectively, at recovery.  Organ weight changes were 
observed in high dose animals only, which reversed at the end of recovery period, 
except for thyroid/parathyroid weights in males.  In recovery females, there was a 
~34.3% increase in absolute weight of lung with bronchi and a 48% increase relative to 
brain weight, as compared to control animals.  Based on these findings, a NOAEL dose 
was not established. 
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Methods 
Doses: 60, 200, 600 mg/kg/day  

Frequency of dosing: Twice daily 
Route of administration: Oral gavage 

Dose volume: 10 mL/kg/dose 
Formulation/Vehicle: Aqueous solution/phosphate buffered saline, pH 

7.4 
Species/Strain: Rats/CD[Crl:CD(SD)] 

Number/Sex/Group: Main study: 20/sex/group, 5/sex/group (recovery 
group) 
TK study: 3/sex (control), 9/sex/group 
(crofelemer) 

Age: 6 weeks of age 
Weight: 218-257 g (Males), 171-211 g (Females) 

Satellite groups: Yes 
Unique study design: No 

Deviation from study protocol: GLP deviation: Protocol was unsigned at the 
time animals were received at testing facility 
Protocol deviations: No documentation that 
dosing formulation was returned to refrigerator 
between doses on Day 26; Dosing formulation 
not refrigerated after first dose on Day 46; 
Dosing formulation not stored in refrigerator prior 
to first daily dose on Day 156 

 
Observations and Results 

Mortality 
Animals were observed twice daily for signs of morbidity, injury and mortality.  
 
There were unscheduled deaths during the course of the study (shown in the sponsor’s 
table below).  There were deaths of 6 high dose males, 5 high dose females, and 2 
females each in the 200 and 60 mg/kg/day dose groups.  The probable causes of death 
were dosing error, undetermined, and lymphoid tumor.   
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Clinical Signs 
A detailed clinical examination was conducted once a week on all main study animals.  
Clinical examination included an assessment of the skin, fur, eyes, nose, oral cavity, 
thorax, abdomen, external genitalia, limbs, feet, respiratory and circulatory effects, 
autonomic effects such as salivation, and nervous system effects (tremors, convulsions, 
reactivity to handling, bizarre behavior), and presence of palpable masses. 
 
Audible and/or difficult breathing was observed in 2 and 9 animals treated with 400 and 
1200 mg/kg/day crofelemer, respectively.  One control male and female also had 
audible breathing.  Other clinical signs included discolored hair, red wet/dry material 
around mouth, forelimbs, or nose in 1-3 animals/sex in all dose groups, including 
controls.  Four high dose males were observed as being thin during the dosing period.  
At the end of the recovery period, these clinical signs were reversed. 
 
Body Weights 
Body weights for all main study animals were measured one day prior to initiation of the 
treatment, weekly thereafter during the dosing period, and at necropsy.  Body weights of 
TK animals were collected but not reported. 
 
There were no significant decreases in body weight during the course of the study (both 
dosing and recovery phases).  High dose males showed a slight decreasing trend in 
body weight towards the end of the dosing period, as compared to controls.  These data 
are summarized in the applicant’s table below: 
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At the end of the recovery period, there were no statistically significant differences in 
body weight in any of the dose groups. 
 
Feed Consumption 
Food consumption was measured weekly during the dosing period for all main study 
animals. 
 
There were decreases in food consumption in high dose males during Weeks 11 and 
21; however, food consumption was similar to control values in the following weeks.  At 
the end of the dosing phase, food consumption in all groups was lower than Week 1 
values.  There were no significant changes in food consumption in females.  Overall, 
food consumption was similar across all dose groups during the dosing period. 
 
Ophthalmoscopy 
Ophthalmoscopic examinations were conducted pretest and prior to terminal necropsy 
for all main study animals.   
 
No treatment-related effects on ophthalmoscopic were noted. 
 
ECG 
Not conducted 
 
Hematology 
Blood samples for hematological analysis were collected from all main study animals 
prior to terminal and recovery necropsies.  The following parameters were measured: 
leukocytes, erythrocytes, hemoglobin, hematocrit, mean corpuscular volume, mean 
corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelets, 
absolute reticulocytes, percent reticulocytes, neutrophils, lymphocytes, monocytes, 
eosinophils, basophils, and large unstained cells.  The following coagulation parameters 
were measured as well: activated partial thromboplastin time (APTT) and prothrombin 
time.   
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There were no treatment-related changes in hematology parameters in males during the 
dosing phase.  There was a decrease (~21-23% as compared to control) in absolute 
reticulocyte count in 200 and 600 mg/kg/day treated females at the end of dosing.  
There was a ~66% increase in neutrophils at the high dose and a 50% and 35% 
increase in eosinophils at the mid- and high dose, respectively, in females at the end of 
the dosing period.  The increase in eosinophils at the high dose was not statistically 
significant.  In the recovery group, there was an increase of 30.6%, 31.6%, and 9.3% in 
platelet counts in the low, mid-, and high dose males, respectively, as compared to 
controls.   In recovery females, there was a ~49% decrease in monocyte count at the 
low dose.  There was a decreasing trend in monocyte count in mid- and high-dose 
recovery animals; however, these decreases were not statistically significant from 
controls.  There were no treatment-related changes on coagulation parameters during 
the dosing phase.  There was a ~20% increase in APTT in 60 mg/kg/day males at the 
end of recovery, as compared to control.  No other changes were observed. 
 
Clinical Chemistry 
Blood samples for clinical chemistry analysis were collected from all main study animals 
prior to terminal and recovery necropsies.  The following clinical chemistry parameters 
were measured: sodium, potassium, chloride, calcium, phosphorus, alkaline 
phosphatase, total bilirubin, gamma glutamyl transferase, aspartate aminotransferase, 
alanine aminotransferase, sorbitol dehydrogenase, urea nitrogen, creatinine, total 
protein, albumin, globulin, albumin/globulin ratio, cholesterol, and glucose. 
 
There was an increase of ~33% in total bilirubin, a 17% decrease in urea nitrogen, and 
a 20% decrease in cholesterol at the high dose in terminal males, as compared to 
controls.   There were no significant treatment-related changes in crofelemer treated 
females at the end if the dosing period.  There were slight increases in chloride and 
calcium levels in high dose and mid-dose females (calcium only) at the end of the 
recovery period, as compared to controls.  There was also a 32% increase in creatinine 
(high dose only), 13% and 10.3% increase in albumin at the mid- and high dose, 
respectively, and a 29%, 25.7% and 40.6% increase in glucose at the low, mid-, and 
high doses, respectively, in recovery females, as compared to controls.  These changes 
were not observed at the end of the dosing phase.  Therefore, the significance of these 
findings is not clear. 
 
Urinalysis 
The following parameters were analyzed for urine samples: urine volume, specific 
gravity, pH.   
 
There were no significant treatment-related effects on urinalysis parameters.  The slight 
decrease in specific gravity observed in low and high dose males normalized to control 
values at the end of the recovery period.   
 
Gross Pathology 
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All main study animals underwent necropsy at terminal sacrifice and end of recovery 
period.  The abdominal, thoracic, and cranial cavities, external surfaces, and organs 
were examined for abnormalities and/or injuries.   
 
Terminal necropsy revealed black and brown discoloration in the duodenum of high 
dose males and females.  One male and 2 females had mild black discoloration and 2 
females had moderate black discoloration, respectively.  Mild brown discoloration was 
observed at the mid-dose (1/sex) and in 2 males and 1 female at the high dose.  
Moderate brown discoloration was observed in 3 animals/sex at the high dose.  These 
findings normalized at the end of the recovery period.  However, one male and one 
female had mild and moderate green discoloration of the duodenum, respectively.    
 
Brown and white discoloration in the lung (w/bronchi) was observed at 600 mg/kg/day in 
one male and one female.  Microscopic examination revealed an accumulation of 
pigmented macrophages around airways, secondary to aspirated test article.  
Inflammatory reaction was observed in both sexes and foreign material was noted in the 
airway of female animal, suggesting that these findings were likely related to dosing 
procedure.  No other significant treatment-related macroscopic findings were reported. 
 
Organ Weights 
The following organs were harvested and weighed at necropsy: brain, adrenal glands, 
epididymides, heart, kidneys, liver, lung with bronchi, pituitary gland, salivary gland, 
mandibular/sublingual glands, spleen, testes, thymus, and thyroid/parathyroid glands. 
Paired organs were weighed together.  Absolute organ weights were and weights 
relative to body and brain were also calculated. 
 
Statistically significant changes in organ weights were observed in high dose animals.  
In males, there was ~12%, ~19%, and ~18.1% decrease in absolute kidney, liver and 
thyroid/parathyroid gland weights, respectively, as compared to controls.  These 
changes normalized at the end of the recovery, except for the thyroid/parathyroid which 
had slightly higher absolute weight and a statistically significantly higher relative weight 
(to brain).  In high dose females, there was ~23.5% increase in absolute weight of lung 
with bronchi (27.35% and 24.5% increase relative to body and brain weight, 
respectively) and ~17.6% increase in absolute spleen weight (with 21.4% and 18.7% 
increase relative to body and brain weight, respectively), as compared to controls.   In 
recovery females, there was a ~34.3% increase in absolute weight of lung with bronchi 
and a 48% increase relative to brain weight, as compared to control animals.  The 
increase in lung weight was accompanied by changes in histopathology, likely related to 
presence of test article or aspiration of test article. 
 
Histopathology 
Adequate Battery:  Yes  
 
The following organs/tissues were harvested and processed for histopathological 
analysis. 
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Peer Review: No (slides only reviewed by a veterinary pathologist)  
 
Histological Findings:  The applicant’s tables below summarize the histopathological 
findings in terminal and recovery necropsies. 
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There was an increase in pigmented macrophages in the stomach, small intestine, 
lymph node, Peyer’s patches, which did not normalize after the recovery period.  There 
was a dose-dependent increase in the incidence and severity of pigmented 
macrophages in the larynx, trachea and lungs.  The pigmented macrophages were 
mixed with cellular and inflammatory exudate, which resolved at the end of recovery.  
However, the pigmented macrophages persisted at the end of the recovery period.  
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examination revealed discoloration of the GI tract and lymph nodes at doses > 175 
mg/kg/day suggestive of test article remnants.  Histological findings were related to 
irritation and macrophage infiltration in the GI tract, as suggested by the increase in GI-
related clinical signs in crofelemer treated animals, especially at the high dose.  The 
target organ of toxicity of crofelemer in dogs after 9 months of oral administration was 
the GI system.  The NOAEL dose was 50 mg/kg/day, based on changes in clinical 
chemistry and histopathology at doses ≥ 175 mg/kg/day. 
 
 
Methods 

Doses: 0, 50, 175, 600 mg/kg/day 
Frequency of dosing: Once daily 

Route of administration: Oral 
Dose volume: Not clear from sponsor’s protocol 

Formulation/Vehicle: Crofelemer (or placebo equivalent to high dose 
of test article ) tablets were placed into size 11 
gelatin capsules 

Species/Strain: Dog/Beagle 
Number/Sex/Group: 4/sex/group 

Age: 6 months old at dose administration 
Weight: 9.3 to 10.4 kg (Males), 7.8 to 9.9 kg (Females) 

Satellite groups: None 
Unique study design: None 

Deviation from study protocol: Because of low food consumption, some high 
dose animals were allowed to feed overnight.  
Others were offered 1 cup of warm beef boullion 
to stimulate appetite on several occasions.  This 
modification was done only in the high dose 
group. 

 
Observations and Results 

Mortality 
Animals were observed twice daily for morbidity and mortality.  They were also 
observed at the time of dosing and 2-3 h post-dose. 
 
There were no unscheduled deaths during the course of the study.  All animals survived 
to study termination. 
 
Clinical Signs 
Animals were observed twice daily for morbidity and mortality.  They were also 
observed at the time of dosing and 2-3 h post-dose. 
 
Animals at the mid- and high-dose (175 and 600 mg/kg/day, respectively) experienced 
increased incidences of gastrointestinal (GI) adverse effects, including black mucoid 
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feces and/or diarrhea, rust colored diarrhea, black diarrhea, and/or red material in feces.  
Much lower incidences of similar GI disturbances were observed at the low dose, as 
compared to the mid- and high dose groups; however, all crofelemer-treatment groups 
produced GI effects, unlike placebo control.  The incidence of abnormal excreta and 
related effects observed 3 h post-dose are summarized in the sponsor’s table below: 

 
 
There was also a higher incidence of emesis (containing tablets, food and/or rust 
colored material) at high dose, as compared to control animals, although emesis was 
observed sporadically in all treatment groups.  All other findings were similar to placebo-
treatment and/or did not show a dose-response.  Therefore the target organ of toxicity 
was the GI system in dogs treated daily with crofelemer for 9 months. 
 
Body Weights 
Body weights were recorded beginning one week prior to initiation of the treatment 
period and continued weekly until necropsy.   
 
Lower body weights and body weight gains were consistently observed beginning 
during Week 2 and Week 9 in males and females, respectively, treated with 600 
mg/kg/day, as compared to control.  There were occasional minor decreases in body 
weight at the mid-dose.  However, there were no overall treatment-related effects in the 
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ECG 
Multilead (I, II, and III) ECGs were recorded for all animals one week prior to initiation of 
the treatment period and during study weeks 19 and 38.  ECGs were evaluated by a 
veterinary cardiologist. 
 
There were no significant treatment-related changes in ECG recordings during the 
course of the study.  One control animal had an intraventricular conduction disturbance 
that was observed during Study Week 38. 
 
Hematology 
Blood samples from fasted study animals were collected prior to initiation of treatment, 
during study week 19, and at necropsy.  The following parameters were analyzed:  

 
Reticulocyte count was evaluated on Weeks 19 and 38 only. 
 
There were several changes in hematology parameters in the high dose group (males 
and females) which were suggestive of regenerative anemia, including increased 
reticulocyte counts, increased platelet counts, decreased hemoglobin and hematocrit, 
decreased MCV, MCH, and MCHC.  There was also an increase (16.5% as compared 
to control) in red blood cell count in high dose males at Week 38 only.  In crofelemer-
treated females, there was 30% increase (during Week 19) and a 23% and 20% 
increase at the mid- and high dose, respectively, (during Week 38) in the percentage of 
neutrophils, as compared to controls.  There was a 38% decrease in the percentage of 
lymphocytes at the high dose during Week 19 and a 19% and 40% decrease during 
Week 38 at the mid- and high-dose groups, respectively, as compared to controls.  The 
changes in the high dose group are summarized in the table below.   
 

Males  Females   
Week 19 Week 38 Week 19 Week 38 

Parameter  % Change from control % Change from control
Hemoglobin -28.7% -24.3% -37.7% -36.8% 
Hematocrit No change -25.8% -32.5% -34.2% 
MCV -24.1% -29.8% -27.4% -22.8% 
MCH -27.4% -35.1% -33.8% -25.8% 
MCHC -4.8% -7.8% -9.5% -4.3% 
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Platelet 35.3% 60% 71.9% 111.2% 
Retic % 116.7% 275% 500% 240% 
Retic count 130.5% 300% 566.7% 196.9% 
  
No other hematology changes related to treatment with crofelemer were noted. 
 
Clinical Chemistry 
Blood samples from fasted study animals were collected prior to initiation of treatment, 
during study week 19, and at necropsy.  The following parameters were analyzed:  

 
 
There were slight decreases (< 14% as compared to placebo treatment) in albumin at 
both Weeks 19 and 38 in high dose males and in total protein levels mid- and high dose 
males at Week 19 only.  There was a statistically significant decrease (~32%, as 
compared to control) in alkaline phosphatase activity at the high dose at Week 19 only; 
there was a decreasing trend in alkaline phosphatase activity in all dose groups at 
Week 38.  At Week 38, there was a statistically significant decrease in alanine 
aminotransferase and aspartate aminotransferase activity of ~42% and 47%, 
respectively, as compared to controls.  There was a decrease (≤ 20%, compared to 
controls) in cholesterol at Weeks 19 and 38 in high dose males.  Decreases in serum 
calcium, potassium and sodium which ranged from < 5% to < 18% of controls were also 
noted at the high dose males during weeks 19 and 38.   
 
In females, there were slight decreases in albumin and total protein levels during Week 
19, although a dose response was not evident.  There was also a 50% decrease in 
bilirubin level at Week 38 in high dose females, as compared to controls.  There was a 
~68% and ~42% increase in aspartate aminotransferase activity at Week 19 and 38, 
respectively, and a 50% decrease in glutamyltransferase activity at Week 19 only in 
high dose females, as compared to controls. There was a ~36.5% and < 20% decrease 
in serum cholesterol level at the high dose females only at week 19 and 38, 
respectively, as compare to control.  There were minor (~5-7%) decreases in calcium at 
the high dose at both time points. 
 
Overall, the changes in clinical chemistry parameters were likely related to the 
nutritional deficit experienced most severely by animals at the high dose.   
 
Urinalysis 
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The following urinalysis parameters were evaluated: 

 
 
There were no significant treatment-related changes in urinalysis parameters in either 
sex. 
 
Gross Pathology 
Study animals were euthanized with sodium pentobarbital and subjected to necropsy.  
External surfaces, all orifices, and the cranial, thoracic, abdominal, and pelvic cavities 
and their contents were examined. 
 
Discoloration (red, black, red streaks, gray or green) of portions of the gastrointestinal 
tract was observed in males and females at the mid and high dose.  Discoloration of 
lymph nodes was also observed in most crofelemer-treated animals.  These findings are 
suggestive of test article remaining in the gastrointestinal tract.  No other significant 
findings indicative of systemic toxicity related to crofelemer treatment were noted. 
 
Organ Weights 
The following organs were weighed from all animals at necropsy: adrenal glands, brain, 
heart, kidneys, liver, ovaries (without oviducts), spleen, testes, thymus, and thyroid with 
parathyroid. 
 
At the high dose, thyroid/parathyroid weight decreased by ~47% and ~33% in males 
and females, respectively, as compared to control animals.  There was also a decrease 
(~12-19%) in brain weight in males at all doses of crofelemer, although a dose response 
was not evident.   In females, a 27% decrease in brain weight was only noted at the 
high dose.   
 
Histopathology 
Adequate Battery: Yes 
The following tissues/organs were harvested and prepared for histopathological 
analysis:  
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Peer Review:  The slides were reviewed by a study pathologist only.  There was no 
secondary review. 
 
Histological Findings:  Histological findings were related to irritation and macrophage 
infiltration in the GI tract, as suggested by the increase in GI-related clinical signs in 
crofelemer treated animals, especially at the high dose.  These findings are summarized 
in the sponsor’s table below: 
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Macrophage infiltration (histiocytosis) in the lymph nodes was also observed in animals 
at all crofelemer doses, as shown in the sponsor’s table below. 

 
 
Macrophage infiltration (Kupffer cells) was also observed in the liver in both sexes at 
mid and high dose of crofelemer.  These findings are shown in the sponsor’s table 
below: 
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There were no other significant treatment-related findings. 
 
Toxicokinetics 
Samples for TK analysis were collected from all dogs prior to dosing and at 2, 6, 12, 18, 
and 24 h post-dose on Days 0, 29, 135, and 270.  Prepared plasma samples were 
frozen and shipped to the sponsor for analysis.  The CRO did not perform the TK 
analysis3.   
 
Dosing Solution Analysis 
Not specified 
 

7 Genetic Toxicology 

Crofelemer was tested in an Ames assay (Study # SP303-F-021) and the data were 
previously reviewed under IND 51,818 by Dr. Tanveer Ahmad.  His review is included 
verbatim below. 

                                            
3 The Division agreed at an End of Phase 2 Meeting on May 5, 2004 that the ADME 
studies conducted to date were adequate and additional studies were not needed for 
registration of crofelemer.   
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includes the highest applicable dose (target dose 10 mM or 5 mg/mL) or dose 
exceeding the solubility limit in culture medium if test system is negative for 
chromosomal aberrations or there is no significant decrease (≥50%) in confluence or 
mitotic index, (4) assay includes at least 3 analyzable doses, (5) clear evidence of dose 
response.   

 
Results 
All cultures were run in duplicate.  The data table below summarizes results from each 
confirmatory assay carried out in the absence of S9.  Each data point represents the 
mean of 2 sets of evaluations (100 cells scored per evaluation).  At 50 µg/mL, SP-303 
induced an increase in the % pf cells with aberrations, as compared to solvent and 
negative controls.  Since there was excessive toxicity observed at concentrations ≥ 75 
µg/mL, a dose response was not apparent.  The assay was therefore repeated.  In the 
repeat assay, no aberrations were observed in cells treated with SP-303 at 
concentrations up to 51.5 µg/mL.  Concentrations ≥ 67 µg/mL produced excessive 
toxicity and were therefore not evaluated.  In the repeat assay, 36.1 µg/mL produced a 
statistically significant increase in % polyploid cells, a finding that was not observed in 
the first assay or at concentrations > 36.1 µg/mL in the repeat assay. 
 
Group Conc 

(µg/mL) 
Time* 
(h) 

Mitotic 
index(%) 

% cells with 
aberrations 

% PP** % 
E***  

Culture 
Medium 

-- 6.4 0.5 1.5 0 

DMSO (µl/mL) 10  6.9 1.5 2.0 0 
MMC 0.08   28**** 1.5 0 

10 4.6 1.5 1.0 0 
20 4.6 1.5 2.5 0 
35 6.1 0.5 3.5 0.5 
50 3.2 7.5**** 1.5 0 
75 1.9 
100 1.3 
150 0.1 

SP-303 

200 

17.8-20 

0.0 

Excessive toxicity 

Culture 
Medium 

-- 10.7 0 2.0 0.0 

DMSO 10 µl/mL 12.0 0 2.5 0.0 
MMC 0.100  30.0**** 2.5 0.5 

20.6 6.6 0.5 7.5 0.0 
36.1 8.1 2.0 11.5**** 0.0 
51.5 4.5 1.5 6.5 0.0 

SP-303 

67 

17.8-20 

2.5 Excessive toxicity 
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82.4 1.7 
103 0.9 
129 0.1 

 

155 

 

0.5 

Excessive toxicity 

*Treatment time to harvest time 
** % polyploidy cells 
*** % endoreduplications 
**** p≤0.01, compared to solvent control 
 
The table below summarizes the results from the confirmatory assay conducted in the 
presence of S9 mix.  Each data point represents the mean of 2 sets of evaluations (100 
cells scored per evaluation).  Under the conditions of this study, SP-303 did not produce 
an increase in chromosomal aberrations, as compared to negative and solvent controls, 
in the presence of metabolic activation.  However, there were increases in % PP and % 
E.  The assay was repeated and these results were observed again. 
 
Group Conc 

(µg/mL) 
Time* 
(h) 

Mitotic 
index(%) 

% cells with 
aberrations 

% PP** % E***  

Culture 
Medium 

-- 8.7 0.5 0.0 0.5 

DMSO (µl/mL) 10  6.9 2.0 0.5 0.0 
CP 5.0  48.0**** 3.0 0.0 

50.0 8.7 2.0 10.5**** 0.0 
100 6.7+ 2.0 40.0**** 2.5 
200 0.3 Excessive toxicity 
300 2.4 5.0 1.0 11.5****
350 0.5 
400 0.6 
500 0.3 

SP-303 

600 

3-20 

0.1 

Excessive toxicity 

Culture 
Medium 

-- 12.2 1.0 3.5 0.5 

DMSO 10 µl/mL 11.6 0.5 2.5 1.0 
CP 5.0  43.4**** 6.0 0.0 

36.1 7.9 1.5 5.0 2.0 
51.5 13.2 3.5 5.0 4.5 
103 13.7 Excessive toxicity 
155 5.5 1.0 21.0**** 11.0****
225 6.6 Excessive toxicity 
310 4.8 1.5 7.0 13.0****
375 2.9 

SP-303 

450 

3-20 

2.2 
Excessive toxicity 

*Treatment time to harvest time 
** % polyploidy cells 
*** % endoreduplications 
**** p≤0.01, compared to solvent control 
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observed in the definitive study included soft feces, fecal stains, chromodacryorrhea, 
red crust around nose, and/or hypoactivity.  Clinical signs were observed at 50 mg/kg 
and increased at 2 days post-dose.  There were no signs of bone marrow toxicity in any 
of the SP-303 treatment groups.  There was no increase in micronucleated 
polychromatic erythrocytes (PCE) at both doses of SP-303, as compared to vehicle.  
The positive control produced a statistically significant increase in % micronucleated 
PCEs.  Therefore, under the conditions tested, SP-303 was not clastogenic.  The results 
of the definitive micronucleus assay are summarized in the sponsor’s table below: 
 

 
 

7.4 Other Genetic Toxicity Studies 
None 
 

8 Carcinogenicity 

The sponsor did not conduct carcinogenicity studies with SP-303.  Carcinogenicity 
studies will be conducted post-marketing, as agreed upon at the pre-NDA meeting on 
January 19, 2011 with the Agency. 
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Mortality 
Animals were checked twice daily for signs of morbidity and mortality. 
 
Two males at the high dose died soon after initiation of treatment (Day 2) and one mid-
dose male died during week 3 of treatment.  One of the high dose males likely died of 
intubation injury, as indicated by a torn esophagus.  The other high dose male and the 
mid-dose male had red contents in the thoracic cavity, although the exact cause of 
death could not be identified.  The sponsor proposed that it was related to dosing 
procedure.  The mid-dose male showed signs of hypoactivity and labored respiration 
while the high dose male was gasping on the day of death.   
 
In females, there were several animals which died while on study or were euthanized.  
Two control animals, 1 mid-dose, and 2 high dose animals were found dead between 
Weeks 2-5.  Both control group females and 1 high dose female had a perforated 
esophagus, which was indicative of dosing-related injury.  The other females (1 high 
dose and 1 mid-dose) had red and clear fluid contents, respectively, in the thoracic 
cavity.  The sponsor concluded that these animals may have died due to dosing-error; 
however, there were no other findings to support this conclusion.  One high dose female 
was euthanized on study day 45 (3 days after completion of mating period) because this 
animal gained weight consistent with pregnancy, although no signs of mating were 
observed. 
 
Clinical Signs 
Clinical signs were assessed everyday throughout the study period, specifically at time 
of dosing and one hour post-dose, and as needed. 
 
Clinical signs in males observed during the dosing period included dried red matting on 
forelimbs in a few mid- and high dose animals, rales, gasping and/or labored 
respirations in a few animals in all SP-303 dose groups, and decreased defecation in 3-
4 animals in the mid and high dose groups.  Clinical signs in females during the dosing 
period included hair loss on ventral thoracic or abdominal area, unkempt appearance, 
decreased urination in 1-2 animals in the mid and high dose groups.  Wet, yellow 
staining of the ventral abdominal or urogenital area, tan and clear matting around the 
mouth were observed in mid- and high-dose animals as well.  Overall, the incidence and 
types of clinical signs observed did not correlate with significant adverse effects related 
to treatment.   
 
Body Weight 
Body weights were measured twice a week for males throughout the dosing period until 
study day 59.  For females, body weights were recorded twice weekly throughout the 
dosing period, beginning with initiation of vaginal smearing and continuing until 
evidence of mating (day 24).  In females where no evidence of mating was observed, 
twice weekly body weight measurements were recorded until necropsy.  After confirmed 
mating, pregnant females were weighed on gestation days (GD) 0, 3, 7, 10, and 15.   
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In males, body weight gain increased slightly during the course of the study.  Although 
these changes were statistically significant during certain study intervals, as compared 
to control males, body weights in SP-303-treated males were similar to control animals 
over the course of the entire dosing period.  In females, there were no differences in 
pre-mating or gestation body weights related to SP-303 treatment.   
  
Feed Consumption 
Food consumption was recorded on the corresponding body weight days for each sex. 
 
There were statistically significant increases in food consumption in males during Study 
Days 0-7, and 10-14 in mid and/or high dose animals (~8-13%, as compared to 
controls).  There were minor increases in weekly food consumption during specific study 
interval in females treated with SP-303.  From Study Day 17-21, there was a 7.9% and 
15.9% increase in food consumption in the mid and high dose females, respectively, as 
compared to controls.  During Study Days 21 to 24, there was an 11.1% and 14.3% 
increase in food consumption at the low and high doses, respectively, as compared to 
controls.  During gestation, ~12%, 10.7%, and 9.7% increases in food consumption 
were observed in high dose females during Study intervals 0-3, 3-7, and 7-10 days, 
respectively.   
 
Toxicokinetics 
Not conducted 
 
Dosing Solution Analysis 
Not provided 
 
Necropsy 
All animals were subjected to full necropsy at scheduled sacrifice.  Animals which died 
on study or were sacrificed prior to study completion were necropsied if possible.  
Necropsy included an examination of the external surface, all orifices, the thoracic, 
abdominal and pelvic cavities, viscera, and external surfaces of brain and spinal cord.  
The following tissues and organs were harvested and preserved for histopathological 
examination, if needed: cervix, coagulating gland, ovaries and oviduct (2), pituitary, 
prostate, seminal vesicles, right testes with epididymis and vas deferens, uterus with 
vagina, any and all gross lesions.  One high dose female which died on Study Day 33 
did not undergo organ/tissue harvest.  The following organ weights were determined: 
testes, epididymides (total and cauda), ovaries, oviducts, brain and pituitary.  Absolute 
organ weights and relative organ weights (relative to body weight) are reported.  
 
Dark red lungs were observed in the mid and high dose males that died on study.  Both 
high dose males that died on study had adhesions and thickening in the pericardium 
and test article was observed in the stomach.  In the males which survived to the end of 
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the study, small coagulating glands (1 male each at low dose and high dose), dilated 
pelvis (1 high dose male), thickened stomach and/or distended ureter (1 high dose 
male), and small seminal vesicles (1 low dose male) were observed.  There were no 
significant treatment-related changes in absolute or relative organ weights in males. 
 
In females which survived until the end of the study, there were no treatment-related 
changes noted at necropsy.  There were no changes in absolute organ weights 
associated with treatment.  There was a slight statistically significant decrease (~14.9%, 
as compared to control) in the relative pituitary weight at the low dose and high dose 
only.  This was not observed in the mid-dose-treatment groups. 
 
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, 
etc.) 

1. Estrous cycle:  Vaginal smears were evaluated daily beginning 10 days prior to 
initiation of the treatment period and continuing through the 14-day pre-pairing 
period.  After pairing, vaginal smears were evaluated until evidence of mating 
(presence of sperm in vaginal smear or vaginal copulatory plug) or until 
termination of mating.  

 
2. Breeding:  Males, which received treatment for 28 days prior to pairing, were 

mated with females at the same dose level on a 1:1 basis.  If evidence of mating 
was not present, then a proven male was mated with the female in the same 
dose level for an additional 5 days.  Mating and fertility indices were calculated 
as follows:  

 
Mating and fertility indices in males and females were not affected by SP-303 

treatment.  The mean number of days between pairing and conception were similar 
between SP-303-treated animals (males and females) and controls.  The table 
below summarizes the mating and fertility indices for males and females after SP-
303 treatment. 

 Males Females 
Dose (mg/kg/day) Mating Index (%) Fertility Index (%) Mating Index (%) Fertility Index (%)
0 100 95.2 100 100 
123 100 100 100 100 
369 100 100 100 95.8 
738 95.8 91.3 100 95.7 

 
3. Uterine examination (GD 15):  Pregnant females were euthanized on GD15 by 

carbon dioxide inhalation and contents of the thoracic and abdominal cavities 
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were examined.  The following endpoints were assessed: examination of uterus 
and ovaries, number and location of all embryos, early resorptions and total 
implantation sites, embryo viability, and staining of uteri with no macroscopic 
evidence of implantation to identify early implantation loss.  The group mean litter 
basis and proportional litter basis were calculated using the methods below:  

 
 
There were no treatment-related changes in embryonic data, as compared to 
controls. 
 
4. Spermatogenic endpoint evaluations:  Sperm count, sperm motility, sperm 

production rate, and sperm morphology were evaluated for each study male.  For 
each treated male, the right epididymis was weighed and sperm count was 
described as count in millions/g tissue).  Sperm samples were collected, counted 
and evaluated for changes in motility.  The left testis and epididymis were 
collected and homogenized and evaluated for homogenization resistant 
spermatid count and sperm production rate.   

 
There was no treatment-related effect on sperm count (reported as millions of 
sperm/g of tissue) in the testis or epididymis in study males.  There was no 
significant treatment-related effect on weight of testis (left/right weighed individually) 
or left epididymis.  The sperm production rate (defined as (#sperm/g tissue)/6.1 
days) in the left testis did not vary between control and SP-303-treated males.  The 
rate of turnover of germinal epithelium is 6.1 days.  An assessment of sperm motility 
also showed that SP-303 did not affect this parameter either.  There was a slight 
statistically significant decrease in the percentage of morphologically normal sperm 
in 369 mg/kg/day-treated males, as compared to controls; however, this effect was 
not observed at either the low or high doses.  There were no differences any of the 
other parameters evaluated in the morphological examination (normally shaped 
head separated from flagellum, head absent with normal flagellum, head absent with 
abnormal flagellum, misshapen head with normal flagellum, misshapen head with 
abnormal flagellum, degenerative flagellar defect with normal head, other flagellar 
defects with normal head).   
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Animals were dosed from GD6-GD17.  
Laparohysterectomy was performed on GD20.  
Animals which died prior to terminal sacrifice 
underwent necropsy and implantation sites and 
corpora lutea were recorded.  Recognizable 
fetuses were examined. 

Deviation from study protocol: None which affected the outcome of the study 
 
Observations and Results 

Mortality 
All study animals were observed twice daily for signs of mortality and morbidity. 
 
Four animals (one from control, two from 369 mg/kg/day, and one from 738 mg/kg/day 
dose groups) died prior to scheduled termination.  Three were found dead (control, high 
dose, and one mid-dose animal) and one was euthanized (second mid-dose animal) in 
extremis.  The mid-dose females died on GD 6 and 18 due to injuries related to 
intubation errors.  The high dose animal died on GD 18 also due to intubation errors.  
The cause of death of the control animal on GD 13 was not apparent. 
 
Clinical Signs 
Clinical signs were assessed twice daily for all animals, with observations one hour 
post-dose as well. 
 
Clinical signs such as hair loss on forelimbs, rales, dried red material around nose, red 
or brown matting around mouth or on forelimbs were observed in all animals, including 
controls.  In SP-303-treated animals, clinical signs were observed sporadically and did 
not show a dose response. 
 
Body Weight 
Body weights were measured on GD 0, daily from GD 6-18, and on GD 20.  Gravid 
uterine weights were determined at necropsy on GD 20 (day of scheduled 
laparohysterectomy). 
 
Body weights were not affected by SP-303 treatment, as compared to placebo, over the 
entire study period (GD 0 – GD 20).  There were minor increases in body weight in the 
low dose groups, as compared to control, during specific study intervals.  However, 
there were no dose dependent changes in body weight over the entire duration of the 
study.  Gravid uterine weights in SP-303-treated animals were similar to controls. 
  
Feed Consumption 
Food consumption was measured on GD 0, 6-18 (daily), and on GD 20. 
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Increases in food consumption were observed in mid- and high dose animals at specific 
study intervals (GD 12-18, GD 17-18, GD 18-20).  These increases ranged between 10-
14%, as compared to controls.  A dose-dependent relationship was not apparent.  The 
CRO did note that food consumption in the control animals in this study was slightly 
lower than previously observed in historical controls.   
 
Toxicokinetics 
Samples were collected and shipped to the sponsor for further analysis.  The CRO did 
not analyze the samples.   
 
Dosing Solution Analysis 
Not provided 
 
Necropsy 
All animals surviving until scheduled sacrifice underwent a full necropsy.  Animals which 
died while on study were also necropsied to determine cause of death (if possible) and 
record all internal and external abnormalities.  The thoracic, abdominal and pelvic 
cavities were examined and abnormalities were recorded. 
 
The cause of death of the mid- and high dose animals was determined to be dosing 
related injury, as indicated by lodging of dosing canula in the esophagus, perforated 
esophagus, and/or red fluid contents in thoracic cavity.  One animal each from the mid- 
and high-dose groups died on GD 18.  One mid-dose animal was euthanized on GD 6.  
The control animal which died on GD 13 had scabbing on buccal and nasal surfaces, 
dark red lobes on the lungs, red fluid contents in the thoracic cavity, and brown matting 
on the ano-genital region.  The cause of death on the control animal was not apparent. 
 
In animals which survived until termination, no other significant differences between SP-
303 and control treatment groups were identified.   
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 
The following parameters were assessed after laparohysterectomy on GD 20.  The 
location and number of all early and late resorptions, the total number of resorptions, 
fetuses and corpora lutea were recorded.  The group mean litter basis and proportional 
litter basis were calculated using the formulas below: 
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animals).  The sponsor stated that the number of deaths in the control group did not 
match historical data and suggested that these deaths may have resulted from dose 
administration (Control and high dose animals received 5-10 capsules by mouth daily.)   
 
Methods 

Doses: 0, 50, 200, 400 mg/kg/day 
Frequency of dosing: Twice daily 

Dose volume: # of capsules/animal/dose: 5-10, 1-2, 3-6, 5-10 
for 0, 50, 200, 400 mg/kg/day, respectively 

Route of administration: Oral 
Formulation/Vehicle: Gelatin capsules/Placebo for SP-303 

Species/Strain: Rabbit/White New Zealand Rabbits 
Number/Sex/Group: 22 females/group 

Satellite groups: Yes (6 females for the 50, 200 and 400 
mg/kg/day SP-303 dose groups only) for TK 

Study design: Sexually mature white rabbits (~5.5 months of 
age, 2523-3757 g) were inseminated (recorded 
as GD 0) and administered human chorionic 
gonadotropin to induce ovulation.  SP-303 (or 
placebo) treatment began on GD 7 and 
continued through GD 20.    

Deviation from study protocol: None which affected the outcome of the study 
 
Observations and Results 

Mortality 
Animals were observed twice daily for morbidity and mortality from GD 0 through GD 
29. 
 
Three control, 1 mid-dose, and 2 high-dose animals, which were all gravid, died prior to 
scheduled sacrifice.  The control animals died on GD 16, 22, and 18 and showed 
clinical signs such as rapid/labored respiration, wet and/or dry material on bedding, 
around mouth, or forelimbs, and hunched posture.  One of these control females had 
one tablet lodged in the esophagus at the level of the larynx.  At necropsy, these 
animals presented with abscesses in the larynx and/or perforated esophagus.  The 
sponsor proposed that the cause of death of control animals is likely related to dosing 
procedure since these findings do not match their historical data for segment II studies 
in untreated rabbits (placebo/vehicle control). The high dose animals died on GD 14 and 
16 and showed clinical signs such as labored respirations, red material around mouth 1 
h post dose, suggesting that these deaths may have been related to dose 
administration as well.  The mid-dose animal which died did not present any significant 
clinical signs after dosing or prior to death and was unremarkable at necropsy.  
Therefore the cause of death of the mid-dose animal was not clear.   
 
Clinical Signs 
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There were no treatment-related effects on gravid uterine weights in any dosing groups.   
 
Feed Consumption 
Food consumption was recorded daily through the gestation period.   
 
There were statistically significant increases in food consumption in the low- and/or mid-
dose groups only, as compared to controls, although these changes were not dose 
dependent.  Overall, mean food consumption during gestation was similar between 
control and high dose groups.   
  
Toxicokinetics 
Samples for TK were collected at 0 (pre-dose), 1, 4 (prior to second daily dose), 5, 8, 
and 24 h after the first daily dose on GD 7 and GD 20 and shipped to the sponsor.  The 
CRO did not conduct TK analysis and no TK data from these animals were submitted in 
this study report.5 
  
Dosing Solution Analysis 

                                            
5 The Division agreed at an End of Phase 2 Meeting on May 5, 2004 that the ADME 
studies conducted to date were adequate and additional studies were not needed for 
registration of crofelemer. 
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Not specified 
 
Necropsy 
All surviving animals underwent a full necropsy.  Laparohysterectomy was conducted on 
GD 29.  All animals which died prior to scheduled termination also underwent necropsy. 
 
Necropsy findings of the animals which died prior to scheduled termination are 
summarized in the table below. 
 
Table:  Necropsy findings of dams which received crofelemer and died prior to 
scheduled study termination 
 
Group DOD* Finding 

16 • Abscess in larynx, perforated esophagus 
• Placebo tablets in stomach 

22 •  Abscess in larynx, dark red, firm lungs 
• Placebo in stomach 

Control 

18 • Placebo in stomach 
200 
mg/kg/day 

16 • No abnormal findings 

14 • Thick brown material in trachea, dark red area on larynx, test article in mouth, 
dark red apical lobe of left lung 

400 
mg/kg/day 

16 • Test article in trachea at level of larynx and in stomach, died of asphyxiation 
*  DOD: Day of death during gestation 
 
Eight high dose animals aborted between GD 17-27.  None of the aborted fetuses 
showed any external malformations.  At necropsy, test article was present in the 
stomach of 2 of these females, while thick brown material in the oral cavity and around 
larynx, along with white purulent material near the thyroid and nodules on lungs were 
noted in another female.  The remaining females which aborted did not have 
remarkable findings at necropsy.   
 
Of the females which survived to scheduled termination, necrotic lobes or lobules of the 
liver were observed in one control and one high dose animal, where the control animal 
also had liver adhesions.  One female each in the 200 and 400 mg/kg/day groups had 
abscesses in the oral cavity, and another in the mid-dose group had a reddened 
cervical lymph node.  Two 200 mg/kg/day females also had white precipitate in the 
amniotic fluid. 
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 
Laparohysterectomy included an examination of uterus (implantation sites, early/late 
resorptions, pre-/post-implantation loss) ovaries, corpora lutea, fetal number and 
location, sex ratio, and fetal weights. 
 
One mid-dose and 8 high-dose females aborted prior to scheduled laparohysterectomy.  
Of these, the mid-dose animal and 2 of the high dose animals were gravid.  The uterine 
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findings of animals which died or aborted prior to terminal sacrifice are summarized in 
the table below. 
 
Table:  Uterine findings of dams treated with crofelemer which died or aborted prior to 
scheduled necropsy 
 
Group DOS*/Aborted Uterine Findings 

GD 16 8 normally developing implantations 
GD 22 Entirely resorbed litter 

Control 

GD 18 7 normally developing implantations, 2 early resorptions 
200 
mg/kg/day 

GD 16 9 normally developing implantations, 2 early resorptions 

GD 14 Entirely resorbed litter (early resorptions) 
GD 16 7 normally developing implantations 

400 
mg/kg/day 

Abortions/Uterine Findings 
Two late, two early resorptions 
Aborted one fetus, one mummified late resorption, five normal 
fetuses and one former implantation in utero 
5 normally developing implantations, one former implantation 
One early resorption 
One late resorption, 3 late resorptions, 3 normal fetuses in utero 
One fetus and 2 late resorptions, 7 fetuses and 3 late resorptions in 
utero 
One fetus and two late resorptions, 5 fetuses in utero 

400 
mg/kg/day 
(8 animals) 

Aborted GD 17-
27 

8 late resorptions 
*DOS:  Died on Study 
 
The findings from the animals which survived until scheduled laparohysterectomy are 
summarized in the sponsor’s table below. 
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affect fertility parameters of F1 animals or embryonic development  of F2 generation.  
Based on these observations, the NOAEL dose for maternal and developmental toxicity 
was 738 mg/kg/day, the highest dose tested.  
 
Methods 

Doses: 0, 123, 369, 738 mg/kg/day 
Frequency of dosing: Once daily 

Dose volume: Gelatin capsule followed by water flush of ~2 mL
Route of administration: Oral gavage via flexible rubber catheter  

Formulation/Vehicle: Appropriate amount of test article (or placebo) 
was weighed and placed into gelatin capsules 

Species/Strain: Rat/Crl:CD(SD)IGS BR 
Number/Sex/Group: 25 females/group 

Satellite groups: None 
Study design: Pregnant females were dosed from gestation 

day (GD) 6 through lactation day (LD) 20.   
Deviation from study protocol: None which affected the outcome of the study 

 

Observations and Results  
F0 Dams 
Parameters Evaluated Observations and Results 
Survival: Animals were observed twice daily. • Two high dose females died on GD 

14 and 16, 2 mid-dose females died 
on LD 11 and 12 and 1 control female 
died on LD 14.The cause of death 
was intubation error in 3 animals (1 
control and 2 high dose) and likely 
related to test article administration in 
the mid-dose animals.  The control, 
mid-dose, and one high-dose animal 
was found dead, while the other high 
dose animal was moribund and was 
euthanized.   

• Macroscopic findings of perforated 
esophagus (in control and both high 
dose animals), red fluid contents in 
thoracic cavity (mid- and high dose 
animals) and red and yellow matting 
(mid-dose animals) were observed. 

Clinical signs: Animals were observed twice 
daily. 

• Over the course of the entire study, 
SP-303 produced rales in 4, 7, and 7 
animals in the low, mid and high dose 
groups, as compared to 2 in the 
control groups. 
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• At the time of dosing (GD 6-LD 20), 
the incidence of rales was higher in 
across all dosing groups and 
decreased slightly one hour post-
dose.  There was also an increased 
incidence of wet/clear matting and/or 
wet/red material around the mouth in 
SP-303 treated animals, as 
compared to controls.  No other clear 
treatment-related clinical signs were 
observed in F0 animals. 

• There were 23, 19, 19, and 21 gravid 
females in the control, low, mid, and 
high dose groups at the end of 
mating.   

• Of these, 22 control, 19, 19, and 21 
SP-303 low, mid-, and high dose 
females had viable pups.   

• There were no litter losses.  
Gestation length was similar between 
SP-303 and placebo treatment 
groups. 

Body weight: Individual body weights were 
measured on GD 0, 6, 9, 12, 15, 18, and 20, 
and LD 1, 4, 7, 14, and 21.  

• Mean body weight was not affected 
by SP-303 treatment during the 
gestation period. 

• There was a statistically significant 
increase in body weight gain in the 
mid dose group during GD 9-12 only.  
This finding was likely incidental, 
since there was no obvious dose 
response relationship. 

• There were no statistically significant 
treatment-related changes in body 
weight in SP-303-treated animals 
during lactation, as compared to 
control. 
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Feed consumption: Individual food 
consumption was recorded on GD 0, 6, 9, 
12, 15, 18, and 20, and LD 1, 4, 7, 14, and 
21. 

• There were slight increases (4-9%) in 
food consumption in SP-303 
treatment groups between GD 15 and 
GD 20, as compared to control. 

• There was a slight increase (~19%) 
in food consumption in high dose 
animals between LD 1–4 only, as 
compared to control.   

Uterine content: There was no difference in the number of 
implantation sites, number of pups born, 
and the number of unaccounted sites 
between SP-303 and placebo treatment 
groups. 

Necropsy observation: Gross necropsies 
were performed on each female which died 
while on study to determine a cause of 
death, if possible.  Animals which failed to 
deliver also underwent necropsy.  
Pregnancy status was determined and the 
sponsor attempted to identify 
anatomic/pathologic causes for lack of 
pregnancy.  The number of implantation 
sites, corpora lutea, and early implantation 
losses were determined, if possible, by using 
staining techniques. 

There were no significant treatment-
related changes in gross necropsies 
across all dose groups. 

Reference ID: 3168746



NDA # 20-2292  Reviewer: Sruthi Tallapragada King, Ph.D. 
 

118 

Toxicokinetics: • TK sampling was collected on LD 20 
from 3 animals/group at pre-dose and 
1, 2, 4, 6, and 24 h post-dose on LD 
20.  These samples were frozen and 
shipped to the sponsor.  Quality 
control samples of Provir were 
prepared each day.  A stock solution 
of Provir (200 µg/mL) in USP grade 
water was prepared.  Quality control 
samples were prepared by spiking 
9.5 mL blank plasma with 0.5 mL of 
the Provir stock solution (final 
concentration 10 µg/mL Provir in 
plasma), frozen, and shipped to the 
sponsor. 

• The CRO (  did 
not conduct TK analysis) . 

Dosing Solution Analysis Not specified 
Other: All animals were allowed to deliver 
and wean their pups to post natal day (PND) 
21 and the day of parturition was noted as 
PND 0.  The number, sex, stillborn, and live 
pups in each litter were recorded, and each 
pup was examined for gross malformations.  
On LD 21, all surviving F0 females were 
euthanized by CO2 inhalation and 
necropsied.  The number of former 
implantations was recorded, and 
representative samples of organs were 
preserved for microscopic analysis. 

• There were 3, 6, 6, and 4, F0 females 
in the placebo, 123, 369, and 738 
mg/kg/day dose groups which did not 
deliver pups and were euthanized on 
day 25 post-mating. 

• One of the control females had one 
fetus with sirenomelia and anury 
retained in the uterus. 

• All remaining animals were non 
gravid and uteruses were normal. 

 
 
 
F1 Generation 
Parameters Evaluated Observations and Results 
Survival: Individual litters were 
examined daily for survival and 
all deaths were recorded.  Litter 
size was recorded from PND 0 
to PND 4, and any pups which 

• There was no treatment-related effect on litter 
size, sex ratio, or number of live pups at birth 
(PND 0) between dosing groups.  Pup survival 
data was similar between all dosing groups at the 
following intervals: birth to PND 4, PND 4-21. 

                                            
7 The Division agreed at an End of Phase 2 Meeting on May 5, 2004 that the ADME 
studies conducted to date were adequate and additional studies were not needed for 
registration of crofelemer. 
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died were necropsied.  Litters 
were randomly culled to 4 
pups/sex/group on PND 4. 

  

• During the preweaning period, there were 2, 5, 7, 
and 3 pups which were found dead from the 
control, 123, 369, 738 mg/kg/day dose groups, 
respectively, and one mid dose pup was 
euthanized in extremis.  There were 4, 1, 3, and 4 
pups in the control, 123, 369, 738 mg/kg/day dose 
groups, respectively, missing.   

• After weaning, all F1 animals survived to 
scheduled necropsies.   

Clinical signs: Clinical signs 
were assessed daily and 
changes in behavior or 
appearance were recorded.  
Detailed physical examination 
was performed on PND 1, 4, 7, 
14, and 21 and weekly 
thereafter until necropsy.   

• There were no significant treatment-related clinical 
signs in F1 pups during the preweaning period. 

• In F1 pups surviving to scheduled necropsy, 
clinical signs were similar across all dose groups 
including controls and low in incidence. 

Body weight: Body weights 
were recorded on PND 1, 4, 7, 
14, and 21 and weekly 
thereafter until necropsy.  F1 
females selected for breeding 
were weighed on GD 0, 6, 9, 
12, 16, and 20.  Gravid uterine 
weight was calculated on GD 
20. 

 

• F1 male and female pups in all dose groups were 
similar in body weight during the preweaning 
period. 

• There was a decrease in body weight in high dose 
males and females during study weeks 7-16 and 
7-14, as compared to controls.  During Weeks 
(postnatal study weeks) 7, 8, 9, 10, and 11, there 
was ~8.2%, 7.5%, 6.3%, 7%, and 12.7% decrease 
in body weight in high dose males, as compared 
to corresponding control males.  Lower body 
weights were again observed starting in Week 14, 
with ~9.2%, 6.6%, and 5.9% decreases in body 
weight in Weeks 14, 15, and 16, as compared to 
controls.  There were no other changes in body 
weights in males during the study period. 

• In high dose females, there was ~11%, 8.75%, 
and 7% decrease in body weight during postnatal 
Weeks 7, 8, and 9, as compared to corresponding 
controls.  There were no other changes in body 
weights in females during the study period. 

• There were no statistically significant differences 
in body weight during gestation in any of the 
dosing groups including controls. 

• There were no statistically significant differences 
in initial body weight, terminal body weight and 
gravid uterine weight between any of the dosing 
groups, including controls.   

Feed consumption: Not specified 
Physical development: Pups  
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were sexed individually on PND 
0, 4, and 21.  Acquisition of 
balanopreputial separation and 
vaginal patency were recorded.  

 
 
 

• Treatment with SP-303 did not affect acquisition of 
balanopreputial separation in F1 pups.  The mean 
ages when balanopreputial separation was 
observed in females were 41.8, 42.1, 43.0, and 
42.7 days in control, 123, 369, and 738 
mg/kg/day, respectively.  In male pups, 
balanopreputial separation was observed by PND 
49. 

• Vaginal patency was acquired by F1 females at the 
mean ages of 32.3, 33.6, 33.0, and 32.8 days in 
control, 123, 369, and 738 mg/kg/day, 
respectively, with all pups having acquired vaginal 
patency by PND 42.  Therefore, SP-303 treatment 
did not affect this developmental parameter. 

Neurological assessment: 
Ten/sex/group were randomly 
selected for neurological 
assessment (sensory and 
behavioral testing), which 
concluded when the oldest 
pups were 98 days of age.  The 
following investigations were 
conducted to assess the effect 
of test article treatment on 
neurological 
development/behavior: auditory 
startle test, motor activity (total 
and ambulatory activity), and 
Biel maze swimming trials. 

 

• Overall, responses to the auditory startle test were 
similar across dose groups.  There was a slight 
increase in the mean average response in mid 
dose males on PND 60 only.  A similar increase 
was not observed at the high dose. 

• SP-303 treatment did not affect the motor activity 
of F1 pups under the conditions of the assay. 

• SP-303 treatment did not affect swimming ability, 
learning, and memory as assessed by the Biel 
maze swimming trials. 

Reproduction: F1 pups 
(25/sex/group) between 6 to 12 
days of age were randomly 
selected, allowed to attain 
sexual maturity and assessed 
for reproductive performance.  
Regularity and duration of 
estrous cycles were assessed 
by examining vaginal smears 
for 10 consecutive days before 
pairing and continuing until 
evidence of mating or to end of 
breeding.  F1 animals were ~86 
days old at the time of pairing.  
Females with signs of mating 
were then placed in individual 

• The mean estrous cycle length was similar across 
all dose groups (4.2, 4.3, 4.7, and 4.5 days in the 
control, 123, 369, and 738 mg/kg/day dose 
groups, respectively). 

• There were no statistical differences in male and 
female mating and fertility indices between dosing 
groups.  These data are shown in the table below: 

 Dose (mg/kg/day) 
Parameter  Control 123  369 738 
Mating Index 88% 100% 96% 88%
Fertility Index

Male 
88% 88% 92% 84%

Mating Index 96% 100% 96% 96%
Fertility Index

Female
96% 88% 92% 92%

• GD 20 Laparohysterectomy revealed that SP-303 
did not affect the number of viable fetuses, 
implantation sites, corpora lutea, or pre-
implantation losses.  There were no dead fetuses.  
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cages.  After 10 days of mating, 
females without evidence of a 
vaginal plug were mated a 
proven male for an additional 5 
days.  If no sign of mating was 
observed after a total of 15 
days, females were placed in 
individual cages until necropsy.  
Laparohysterectomy was 
performed on GD 20 and 
fetuses were examined.  
Female mating index, male 
mating index, and female 
fertility index were calculated.  
The uteri and ovaries were 
examined.  The number of 
corpora lutea, number and 
locations of all fetuses, early 
and late resorptions, and total 
number or implantation sites 
were recorded.  Each fetus was 
examined in detail (external 
surface, palate, external 
orifices, crown-rump 
measurements, degrees of 
autolysis for late resorptions, 
and skeletal examination 
(Alizarin Red S staining)).  
Developmental malformations 
and variations were recorded.   

 

The number of early resorptions and post 
implantation losses were higher in SP-303 treated 
animals, as compared to controls (shown in the 
table below): 

 Dose (mg/kg/day) 
Parameter (% per litter) Control 123  369 738 
Early resorptions  1.8 5.6* 7.2 7.6**
Post-implantation loss  2.1 5.9 7.2 7.6 

*Stat sig from control at 0.05 
**Stat sig from control at 0.01 
• Male and female fetal weights in SP-303 treatment 

groups were similar to controls. 
• A total of 3 external malformations were observed 

in control fetuses from 2 litters (umbilical 
herniation of intestine, omphalocele, and maxillary 
micrognathia) and in 1 fetus from a single litter 
(body shorter than normal, filamentous tail).  
There were no variations recorded in any of the 
fetuses across all dose groups.  

Necropsy: All animals 
underwent necropsy, including 
pups which were found dead or 
were euthanized in extremis.  
F1 females with no evidence of 
mating also underwent 
necropsy.  Abdominal and 
thoracic cavities were opened 
and examined and the numbers 
of corpora lutea and 
implantation sites were 
recorded (if present).  Uteri 
were examined for presence of 
early implantation losses.  F1 
males were euthanized and 

• Necropsy of pups (F1) which were found dead or 
euthanized in extremis (preweaning) did not reveal 
any remarkable findings. 

• Necropsies were also conducted on surplus F1 
pups (scheduled on PND 21) and on pups at the 
end of behavioral testing.  Necropsies revealed 
dilation of one renal pelvis in one pup each in 
control and low dose groups and diverticulum in 
the jejunum in one low dose pup.   

• Necropsies of F1 dams did not reveal any 
abnormal findings in any of the dosing groups. 
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necropsied.  Organs were 
preserved for histopathological 
analysis only if abnormal 
macroscopic findings were 
recorded. 

 
 
 

10 Special Toxicology Studies 

Study Title: Rabbit Pyrogen Test 
Study #:  ZB410.007 
In this study, adult female white New Zealand rabbits (3/group) were given an 
intravenous injection of 3 mg/kg SP-303 (vehicle control: 5% dextrose) and rectal 
temperatures were recorded at 1, 2, and 3 h after dosing.  After inoculation, the mean 
rise in rectal temperature over the course of 3 h was 0.2, 0.2, and 0.4 0C in each of the 
SP-303 rabbits.  In each of the controls, the mean rise in rectal temperature was 0.0, 
0.3, and 0.3 0C.  Therefore, SP-303 was not pyrogenic in rabbits under the conditions 
tested.  These data are summarized in the sponsor’s table below. 
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11 Integrated Summary and Safety Evaluation 

Human immunodeficiency virus (HIV) affects the immune system and leads to acquired 
immunodeficiency syndrome (AIDS).  HIV depletes CD4 cells, and patients with low 
CD4 cells are more susceptible to opportunistic infections.   Since the emergence of 
combination retroviral therapy (highly active antiretroviral therapy (HAART)), HIV/AIDS 
has now become a chronic, potentially life threatening disease.  Although it has 
significantly decreased mortality, HAART in HIV/AIDS patients leads to progressive 
immunosupression and increases the propensity for opportunistic infections, such as 
infectious diarrhea.  HIV/AIDS patients suffer from a myriad of GI illnesses anorexia, 
nausea, vomiting and abdominal pain, in addition to secretory diarrhea, which affect 
their quality of life.  GI intolerance (diarrhea, nausea, vomiting) contributed to poor 
patient compliance to HAART.  At this time, there are no FDA-approved therapies for 
secretory diarrhea in HIV/AIDS patients.  Current treatments for diarrhea include GI 
motility agents such as loperamide, difenoxin, tincture of opium, and octreotide, which 
are not specifically indicated for patients with HIV/AIDS.  Although effective, these drugs 
have several shortcomings, such as limited duration of use, potential for abuse and 
undesirable side effects (constipation, nausea, vomiting, nutritional absorption, thyroid 
and heart function, etc).   
 
In this NDA, the sponsor is seeking approval to market Crofelemer (NP303, SP-303) for 
the control and symptomatic relief of diarrhea in patients with HIV/AIDS on anti-retroviral 
therapy.  The proposed oral dose is 125 mg twice daily with or without food. 
Crofelemer is extracted from the red latex sap of the plant Croton lechleri of the family 
Euphorbiaceae, which are found in the western Amazon regions of South America.  
Crofelemer is a proanthocyanidin oligomer (molecular weight ~170—2500 Dalton) which 
is composed of 5 to 11 linearly linked monomers.  The predominant monomers are (+)-
gallocatechin and (-)-epigallocatechin, while (+) catechin and (-)-epicatechin are present 
in lower amounts.   
  
In support of the NDA, the sponsor conducted pharmacology, pharmacokinetics, 
general toxicology, genetic toxicology, and reproductive toxicology studies in rodents 
(mice, rats) and/or non rodents (dogs, monkeys, rabbits).   
 
The mechanism of action of crofelemer was demonstrated in vitro and in vivo.  In 
human intestinal epithelial cell lines (Caco-2 and T84 monolayers, crofelemer (also 
referred to as SP-303) was shown to inhibit V. cholerae toxin- and E. coli heat labile 
(HL) toxin-induced chloride ion secretion, which is dependent on cAMP/cGMP-mediated 
pathways.  SP-303-mediated inhibition does not affect the function of the chloride ion 
transporter on the basolateral side of the intestinal cell wall, as demonstrated by a 
further decrease in chloride current induced by butamide, a specific inhibitor of the 
basolateral chloride transporter.   In an adult mouse model of secretory diarrhea, SP-
303 significantly reduced cholera-toxin (CT) induced fluid accumulation (FA) in the small 
intestine, as compared to positive control (vehicle followed by single dose of cholera 
toxin).  An enteric coated formulation of SP-303 was also tested in the adult mouse 
model of secretory diarrhea and was equally effective.  Crofelemer was shown to inhibit 
the cystic fibrosis transmembrane regulator (CFTR) chloride channel with an IC50 of ~7 
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µM and the intestinal calcium-activated TMEM16A chloride channel by a voltage 
independent mechanism with an IC50 of ~6.5 µM.  SP-303 did not affect GI transit in 
mice, as compared to positive control atropine which produced a statistically significant 
decrease in GI transit.   
 
Crofelemer was shown to bind various proteins in vitro, including bovine and serum 
albumin, collagen and immunoglobulins in human whole plasma.  The sponsor 
suggested that enteric coating may be necessary to deliver the drug to the site of action 
(small intestine) based on the observation that crofelemer was shown to bind pepsin in 
simulated gastric fluid.   
 
The safety of orally administered crofelemer (gelatin encapsulated tablets) was tested in 
rats and dogs at doses of up to 600 mg/kg/day.  The NOAEL dose for cardiovascular 
safety of SP-303 in conscious, freely moving dogs was 600 mg/kg.  There were no 
treatment-related changes in blood pressure (mean systolic, diastolic and mean arterial 
pressure), heart rate, RR interval, PR interval, QRS interval, QRS duration, QT and 
corrected QT interval, as compared to placebo treatment.  Male rats treated with doses 
of up to 600 mg/kg of crofelemer did not show significant treatment-related effects on 
neurobehavioral functions, as measured in the functional observational battery (FOB).  
In a respiratory safety pharmacology study, 600 mg/kg crofelemer produced some 
sporadic decreases in respiratory rate and/or minute volume, as compared to control.  
However, clinical signs, such as difficulty breathing, brown material around mouth, and 
red material around nose, were observed in 1-3 animals treated with crofelemer at all 
doses tested.   
 
In human embryonic kidney cells stably expressing the hERG (human ether-a-go-go) K+ 
channel, crofelemer was shown to inhibit IKr in a dose-dependent manner with IC50 
values of 1.79 µM and 1.75 µM in the first and second set of experiments, respectively, 
as compared to 10 µM cisapride (positive control) which inhibited IKr by 99.67% and 
100.47% in the first and second sets of experiments, respectively.  Crofelemer is poorly 
absorbed (~1%) after oral administration and is highly bound (~98%) to human plasma 
protein, suggesting that crofelemer is likely to pose minimal or no cardiovascular risk 
because of its low bioavailability after oral administration.    
 
In vitro, crofelemer metabolism was enzymatic and dependent on NADPH.  Although it 
inhibited transport of substrates specific for MRP2 and MRP4 and potently inhibited 
OATP2B1, PEPT1, ASBT, and OATP1A2 transporters, crofelemer failed to induce CYP 
enzymes CYP1A2, 2B6, and 3A4/5 in human liver microsomes.  Crofelemer had an in 
vitro half life and a clearance of 15.3 min and 90.4 µL/min/mg microsomal protein, 
respectively.  When administered to rats, crofelemer had very low oral bioavailability 
(~1%).  The majority of oral administered radiolabeled crofelemer was unabsorbed and 
excreted in the feces (88.2% of dosed radioactivity), with minimal urinary excretion.  At 
24 h post-dose, the majority of crofelemer remained in the GI tract, with the majority of 
radioactivity recovered by 72 h post-dose.  The predominant metabolite identified in rat 
urine after oral administration of crofelemer was 4’-O-methyepigallocatechin, along with 
several minor metabolites.  One of these fractions demonstrated dose-dependent 
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antiviral activity against   A similar metabolic profile 
was identified in human urine samples as well, suggesting that there are no unique 
human metabolites.     
 
In acute toxicity studies, the LD50 of SP-303 in mice and rats was > 50 mg/kg and >100 
mg/kg when administered IV and IP, respectively.  When administered orally to rats, 
crofelemer was well tolerated at doses up to 600 mg/kg and was lethal at ~ 1200 mg/kg.  
Rales was the predominant treatment-related clinical sign.  In dogs, SP-303 was 
tolerated at up to 1200 mg/kg.  The GI system was the target organ of toxicity after oral 
administration.  Treatment related clinical signs included abnormal excreta, decreased 
food consumption, emesis and weight loss.  Adverse GI effects were also observed in 
the 30-day repeat-dose toxicity study in rhesus monkeys where dose-dependent 
histopathological effects (increased presence of pigmented macrophages) in the small 
intestine and cecum were observed when crofelemer was administered orally at up to 
100 mg/kg/day.    
 
When administered to mice for 13 weeks at oral doses of up to 1200 mg/kg/day, 
crofelemer produced numerous dose-dependent deaths (20, 5, and 2 at 1200, 400 and 
40 mg/kg/day, respectively), and several of these deaths were attributed to gavage-
related injuries; however, the cause of the majority of deaths was unknown.  TK 
analysis was only conducted at the high dose due to poor oral bioavailability and 
showed that females had slightly higher systemic exposure to crofelemer than males 
and slight drug accumulation on Day 56 as compared to Day 1.  In rats, repeated 
administration of crofelemer for 26 weeks at doses of up to 600 mg/kg/day produced 
several unscheduled deaths (11, 2, and 2 at 600, 200, and 60 mg/kg/day, respectively), 
and dosing error was cited as the cause of death of only 9 of these animals.  Changes 
in body weight, hematology and clinical chemistry which were observed during 
treatment were generally reversed during the recovery period (4 weeks); however, there 
are some changes which were observed only in recovery animals, including an increase 
in platelet count in all recovery males treated with crofelemer, slight increases chloride 
and calcium levels in high dose and mid-dose females (calcium only), increase in 
creatinine in high dose females, increase in albumin at the mid- and high dose, and 
increase in glucose in all crofelemer treated recovery females.  There were also several 
changes in histology and organ weights, likely related to aspiration of test article.  In 
conclusion, a NOAEL dose was not established from either the 13-week mouse or the 
26-week rat study. 
 
In the 9-month dog study, there were no unscheduled deaths when crofelemer was 
administered at oral doses of up to 400 mg/kg/day.  The target organ of toxicity at the 
highest dose was the GI tract.   Crofelemer produced dose-dependent increases in 
incidence of gastrointestinal (GI)-related  adverse effects, including black mucoid feces 
and/or diarrhea, rust colored diarrhea, black diarrhea, red material in feces, and/or 
emesis (containing tablets, food and/or rust colored material) at high dose (400 
mg/kg/day), as compared to control animals.  Statistically significant decreases in body 
weight and food consumption and hematology changes suggestive of regenerative 
anemia were observed at the high dose.  Changes in clinical chemistry at the high dose 
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were likely related to nutritional deficits experienced by the animals due to decreased 
food consumption.  Macroscopic examination revealed discoloration of the GI tract and 
lymph nodes at doses > 175 mg/kg/day suggestive of test article remnants.  Histological 
findings were related to irritation and macrophage infiltration in the GI tract.  The 
NOAEL dose was 50 mg/kg/day, based on changes in clinical chemistry and 
histopathology at doses ≥ 175 mg/kg/day. 
 
Crofelemer was negative in the bacterial reverse mutation assay, chromosomal 
aberration assay, and rat bone marrow micronucleus assay.  Carcinogenicity testing 
with crofelemer will be conducted as a Phase 4 commitment.   
 
Crofelemer, at oral doses of up to 738 mg/kg/day had no effects on fertility or 
reproductive performance of male and female rats.  Crofelemer was not teratogenic in 
rats and did not produce maternal toxicity when administered at doses of up to 738 
mg/kg/day.  In the segment II rabbit study, there were several deaths of dams in all 
dose groups, including controls, and the increased number of fetal resorptions and 
abortions in the 400 mg/kg/day dose group.  Although crofelemer was not teratogenic, it 
is not clear that the effects on litters in all dose groups, including controls, are not 
secondary effects of maternal toxicity, which may have resulted from dose 
administration.  In the segment III study, crofelemer did not produce adverse effects on 
pre- and postnatal development when administered at doses of up to 738 mg/kg/day in 
rats. 
 
Crofelemer was also tested in juvenile animals.  When administered daily by oral 
gavage to rats for 14 days (postnatal days 5 to 18) at doses of 50 and 100 mg/kg/day, 
there were 4 deaths (2 at high dose and 2 at low dose; none in control).  There were 
also decreases in body weight at both doses tested and clinical chemistry changes, as 
compared to control.  In juvenile monkeys (age 6-8 weeks), crofelemer administered by 
oral gavage at 10, 200 and 500 mg/kg/day for 2 weeks.  Lymphoid depletion from the 
thymus was observed at 200 and 500 mg/kg/day and the no effect dose was 10 
mg/kg/day.  Crofelemer was also not pyrogenic when administered intravenously (3 
mg/kg) to New Zealand White rabbits.     
 
 
 
The NOAEL dose of 50 mg/kg/day in dogs in the 9-month oral toxicity study provides 
~12-fold margin of safety for the proposed to-be marketed dose of 250 mg/day (4.2 
mg/kg/day, based on 60 kg body weight). 
 
In conclusion, from a nonclinical standpoint, there are no significant safety concerns for 
the proposed dose of crofelemer (125 mg tablet for oral use, twice daily) for the 
proposed indication, i.e., for the control and symptomatic relief of diarrhea in adult 
patients with HIV/AIDS on anti-retroviral therapy.  
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12 Appendix/Attachments 

None 
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Comments on N202292 crofelemer tablets 
 From: Abigail Jacobs, AD 
Date: 8/1/12 
 
1. I agree that there are no outstanding pharm/tox issues and that the pregnancy category 
should be C.  
 
2. I have discussed other comments with the reviewer and supervisor and they will be 
addressed as appropriate. 
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908 

NDA Number: 202292 Applicant: Salix Pharmaceuticals Stamp Date: December 5, 2011

Drug Name: Crofelemer NDA/BLA Type: 505(b)(1)  

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

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

x  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

 
x  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

x 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

x 
 

 
 

 
• Carcinogenicity study in mice and 

rats to be conducted post-
approval/Phase 4 commitment 
(FDA agreed to this during Pre-
NDA meeting) 

• Sponsor conducted the 
recommended CV and respiratory 
safety pharmacology studies   

5 
 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

-- 
 

-- 
 

 
Not applicable 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

x 
 

 
 

 
 

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

x 
 

 
 

 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

x  
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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  

 
Sections 8.1, 8.3, 13.1, 13.2 may need to be 
modified 
 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

x  

 
 
 

11 Has the applicant addressed any abuse 
potential issues in the submission? -- --  

Not applicable  

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

-- -- 
Not applicable 
 

 
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. 
 
 
 
 
 
Sruthi Tallapragada King, Ph.D.      January 18, 2012  
Reviewing Pharmacologist      Date 
 
Sushanta Chakder, Ph.D.      January 18, 2012 
Team Leader/Supervisor      Date 
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