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symptoms associated with benign prostatic hyperplasia (BPH) under IND 56,605. Nonclinical
studies included in vitro receptor binding studies, pharmacology and safety pharmacology
studies, acute, subchronic and chronic toxicology studies in rats and dogs, in vitro and in vivo
genotoxicity assays, carcinogenicity 2-year bioassays in rodents, and reproductive and

. developmental toxicity in rats and rabbits.

Pharmacology:

Primary Mechanism of Action: Silodosin is an apha-1 adronoceptor antagonist. In nonclinical
models, silodosin blocks the sympathetic nervous system via the a;4-AR subtype distributed in
the prostate, urethra and trigone of the bladder to relieve tension of the smooth muscles of the
lower urinary tract tissues. The reaction results in persistent decreases in urethral pressure,
thereby improving overactive bladder-like symptoms observed in the hormone induced BPH rat
model.

Secondary Pharmacology: Silodosin also binds to the a;s-AR, 0p-AR, 0,-AR, B;-AR, B,-AR,
muscarinic receptor, serotonin (5-HT1) receptor and dopamine (D1, D2 long, D3 and D4.2)
receptors with significantly less affinity than to a;4-AR.

Safety Pharmacology: Neurological effects (trembling, somnolence and decreased body
temperature) were observed in rats at 20 mg/kg, but not in dogs following oral administration. In
dogs, decreased blood pressure was noted at all oral doses (0.2 — 20 mg/kg) following oral
administration but not following iv doses (0.3 — 3 mg/kg). No effect was seen on QT interval in
vivo, although in vitro, silodosin inhibited the hERG with IC,s and ICs; values of 3.72 and 8.91,
respectively.



Metabolism: The main metabolite in rats and dogs was KMD-3310, while the glucuronide
conjugate of silodosin KMD-3123G (aka MD127K) and KMD-3293 were the major human
metabolites. KMD-3123G is not found in any of the animal models (mouse, rat, rabbit and dog)
used in the nonclinical program. The affinities of KMD-3123G and KMD-3293 for a,,,-AR 8-
and 24-fold lower than silodosin, while the major animal metabolite KMD-33 10 had no affinity
for a;5-AR. In isolated rat prostate tissue, both silodosin and KMD 3213G caused the
concentration-response curve of noradrenaline-induced contractions to decrease.

Toxicology: Potential adverse effects following chronic administration were assessed in rats (6-
months) and dogs (1 year) utilizing oral administration. In addition, a 2-week intravascular
bridging study was conducted in rats with the active glucuronide conjugate, KMD-3213G (aka
MD127K) which is only produced in humans.

‘In rats and dogs, the most common findings were clinical signs associated with exaggerated
pharmacologic effects, e.g., lacrimation, salivation and ptosis. Non dose-limiting effects were
observed in the livers of both rats and dogs, including slight to moderate fatty degeneration of
hepatocytes in rats and lipid accumulation in dogs. In rats, silodosin administration was also
associated with slight swelling and eosinophilic changes in centrilobular hepatocytes in males and
females, slight dilation of the adrenal cortex in males, and hypertrophy of the vaginal mucous
epithelium and slight mammary gland hyperplasia in females.

In vitro and in vivo phototoxicity studies suggest that silodosin may have the ability to minimally
increase sensitivity to sunlight. '

The toxicity profile for KMD-3123G following 2-week i.v. administration in rats was comparable
to the pharmacologic and toxicologic effects observed with i.v. silodosin.

Genotoxicity: The weight of evidence suggests that silodosin is not genotoxic. Silodosin was
negative in the Ames Assay, in the mouse lymphoma cell assay, mouse micronucleus assay at
doses up to 1000 mg/kg, and in a rat liver DNA repair (UDS) assay. In the chromosomal
aberration assay, silodosin was negative at 6, 24 and 48 hours with metabolic activation and at 24
and 48 hours without metabolic activation. However, there was a slight increase in the number of
chromosomal aberrations at 6 hours in the absence of metabolic activation. Further analysis
demonstrated that there was also a decreased in the mitotic index, indicative of cellular toxicity.

KMD-3123G was negative in the Ames Assay and chromosomal aberration assay.

Carcinogenicity: Carcinogenicity risk associated with chronic administration of silodosin was-
evaluated in 2-year studies in male and female rats and mice. In female mice there was an
increase in mammary gland adeneoacanthomas and adenocarcinomas. These findings appear to
be related to increased prolactin production in mice

In male rats, there was an increased incidence of thyroid follicular cell tumors. These tumors
were related to increased UDP-GT levels, a common finding specific to rodents.



Alternations in prolactin or thyroid hormone levels were assessed in clinical trial subjects, with
no reported changes. Therefore any potential for increased carcinogenicity risk associated with
chronic exposures to silodosin is considered minimal.

The potential for KMD-3123G to increase carcinogenicity risk was not evaluated.

Reproductive and developmental toxicology: Potential reproductive and developmental toxicity
was evaluated in rats and rabbits. There was no evidence of teratogenicity in rats or rabbits which
support a Pregnancy Category B. Slight, but reversible, effects in male rats consisted of "
decreases in sperm counts and mobility. In female rats, silodosin was associated with alterations
in estrus cycles at high doses, but not with infertility.

In dogs, maturation of testes and epididymis and absence of sperm was observed at doses
approximately 5 times higher than the maximum recommended human dose at 13 weeks, but not
after 52 weeks of dosing. '

The potential for KMD-3123G to induce reproductive and developmental toxicity was not
evaluated.

Outstanding nonclinical issues: None.

b(4)

Labeling: 1 concur with the labeling proposed by Dr. McLeod-Flynn with the exception of
changing the wording, as suggested by Dr. Jacobs, to reflect that the relevance to humans of the
thyroid tumors observed in rats is unknown.

A

Conclusion: I concur with the primary nonclinical reviewer, Dr. Laurie McLeod-Flynn, that the
nonclinical data support an approval action for this NDA.

APPEARS THIS WAY
0N ORIGINAL



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

Lynnda Reid
9/15/2008 09:57:57 AM
PHARMACOLOGIST



Comments on NDA 22-206 Silodosin
From A. Jacobs 9/11/08

I concur that there are no outstanding pharm/tox issues. h(4)

I concur with the proposed pregnancy category: B

In the labeling under carcinogenesis,

A

Suggested rewording: relevance to human risk of these thyroid tumors in rats is not
known

I'have discussed this-with the pharm/tox reviewer and SUPErvisor.



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

Abby Jacobs
9/11/2008 07:43:58 AM
PHARMACOLOGIST
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Reviewer: Laurie Mcl eod-F lynn NDA No.22206

EXECUTIVE SUMMARY
I. Recommendations

A. Recommendation on approvability: There is no impediment to approval of this
drug from a Pharmacology/Toxicology perspective.

B. Recommendation for nonclinical studies: No recommendation for further
nonclinical studies is being made at this time.

C. Recommendations on labeling

_ 8 USE IN SPECIFIC POPULATIONS
8.1 PREGNANCY oA

M/

13 NONCLINICAL TOXICOLOGY b
@)

13.1 CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF
FERTILITY

A



Reviewer: Laurie McLeod-Flynn NDA No.22206

b(g)

11 Summary of nonclinical findings
A. Brief overview of nonclinical findings:

Silodosin was studied in dogs (up to 52 weeks, up to about 51 ~ 118 times the expected
clinical exposure via AUC) and in rats (up to 26 weeks, up to about 20 times the clinical
AUC). Brown discoloration, enzyme induction/hepatocellular hypertrophy, and lipid
droplets were observed in liver of both species at all doses. No indication of hepatic
toxicity was observed in dogs, but fatty degeneration of hepatocytes was observed in rats
at all doses tested (and in the control group), with some dose dependence.

The major human glucuronidated metabolite of silodosin, MD127K, was found to be
similar both in pharmacology and toxicology to the parent drug. Pharmacology studies
showed this metabolite, which circulates in humans at about 4 times the concentration of



Reviewer: Laurie McLeod-Flynn NDA No.22206

silodosin, to be slightly less active than the parent drug, and distribution studies in rats
showed it to be distributed to tissue, including the prostate. This metabolite is not
produced by rats, dogs, or mice. If silodosin and its active glucuronidated metabolite
concentrations were considered additive, activities and toxicities dependent on this
metabolite might be considered to occur at lower multiples in animals studies compared
to human studies than reported (possibly by two to three times); however, conclusions as
to approvability of silodosin from a pharmacology/toxicology perspective would not
change. All other human metabolites were present in animal studies.

Silodosin showed no evidence of mutagenic or genotoxic potential in the in vitro Ames
assay, mouse lymphoma assay, unscheduled DNA synthesis assay and the in vivo mouse
micronucleus assay. A weakly positive response was obtained in two in vitro Chinese
Hamster Lung (CHL) test for chromosomal aberration assays at high, cytotoxic
concentrations. MD127K showed no evidence of genotoxic potential.

In a 2-year carcinogenicity study in mice at about 19 times the exposure of the maximum
recommended human dose or MHRE via AUC in males and 68 times the MRHE via
AUC in females, there were no significant tumor findings in male mice. Female mice
treated for 2 years with about 29 times the MRHE or greater had statistically significant
increases in the incidence of mammary gland adenoacanthoma and adenocarcinomas. In
a 2-year study in rats administered doses up to about 8 times the exposure of the
maximum recommended human dose or MRHE via AUC of silodosin, an increase in
thyroid follicular cell tumor incidence was seen in male rats.

An embryo/fetal study in rabbits showed decreased maternal body weight at
approximately 13-25 times the maximum recommended human exposure of parent drug
via AUC). No evidence of teratogenicity was observed at this dose.

Embryo/fetal studies in rats showed no maternal or fetal effects at approximately 20
times the MRHE. '

In male rats, fertility was decreased at about 2 times the MRHE. No effect on fertility was
observed after a 2 week recovery period. Sperm viability and count, and changes in the
testes and epididymus, were observed at very high doses in rats. In dogs a NoAEL for
delayed maturation of testes and epididymus, and absence of sperm, was 10 mg/kg/day.

In a female rat fertility study, no effect on fertility parameters was observed at about 1 — 4
times the MRHE; however, effects on the estrus cycle were observed.

Phototoxicity of silodosin was observed in vitro and in vivo.
B. Pharmacologic activity: Silodosin is an alpha-1 adrenoceptor antagonist.

C. Nonclinical safety issues relevant to clinical use:
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The Pharmacology/Toxicology Carcinogenicity Assessment Committee concluded that
the thyroid follicular cell adenomas in male rats were drug related. Although the
incidence of follicular cell adenomas in female rats was increased, the incidences in
dosed groups were not statistically significant and thus not clearly related to the drug.
However, the committee noted that the increased incidence and severity, although
minimal to slight, of thyroid follicular cell hypertrophy in the female rats, as well as in
the male rats, suggests that the thyroid of females is also a potential organ for toxicity of
the drug. The committee concluded that the mammary gland adenoacanthomas in female
mice were drug related. The committee also concluded that the mammary gland
adenocarcinomas, and adenomas or carcinomas, were drug related.

Evidence of 2 mechanism in rats exist that may not be relevant to humans: In rats, drug-
induced thyroid tumors are reported to be induced by increased UDP-GT levels and
resulting alterations of thyroid hormones. This mechanism was confirmed by direct
measurement of thyroid hormones in rats after silodosin administration. No evidence of
an effect of silodosin on thyroid hormones or on prolactin levels was observed in adult
male clinical trial participants.

In mice, a study was conducted which determined that levels of prolactin increased after
silodosin administration. Mechanistically, the tumors (mammary and non-statistically
significant pituitary tumors) were attributed to the documented relationship in rodents
between increased production and secretion of prolactin in the pituitary, caused by an
inhibition of dopamine in the hypothalamus. Clinically, the induction of these tumors in
mice is not usually considered relévant, because the drug is not indicated in females,
there is a sufficient safety margin between the doses at which the tumors were noted and
the clinical dose, and because induction of mammary adenomas and carcinomas have
been noted in mice after administration of other drugs of this class without clinical
findings in adult male humans.

The sponsor also provided documentation of another dru g with a similar prolactin related
mechanism associated with mammary adenoacanthomas, as well as adenocarcinomas, in
female mice (see Abilify label). Mammary adenoacanthomas are also sometimes
associated with age in rodents.

In dogs and rats, liver hypertrophy is commonly seen due to a proliferation of
cytochrome p450s and is usually not considered relevant to clinical use if no signal is
observed in the clinic. Accumulation of lipid and discoloration of the liver was not
accompanied by toxicity in dogs, but slight fatty degeneration of hepatocytes was
observed in rats at all doses tested, including the control. Brown discoloration of the liver
at low doses is sometimes considered due to lipofuscin formation, which is sometimes
correlated with inhibition of proteolysis, oxidative stress, and with aging. No indication
of proteolysis inhibition.was observed in ir vitro studies. Oxidative stress was not
studied. It is not known what relevance that these effects, often seen in animals, may have
clinically. No clear signal of liver toxicity was observed in clinical trials. Clinical
monitoring of liver effects will continue into phase IV of development.
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Evidence of phototoxicity was primarily observed at high doses in animals and in vitro.
No drug related phototoxic or skin effects were observed in the clinic.

Chromosomal aberrations in cell culture at high, cytotoxic doses, are not expected to be
relevant to clinical use, as they are considered secondary to severe cytotoxicity.

Treatment of male rats with silodosin for 15 days resulted in decreased fertility at the
high dose of 20 mg/kg/day (about twice the exposure of the maximum recommended
human dose via AUC) which was reversible following a two week recovery period. No
effect was observed at 6 mg/kg/day. This effect appears to be in an exposure range which
may be relevant to clinical use, similar to effects reported for other drugs in this class.

In a male rat fertility study, sperm viability and count were significantly lower after
administration of 600 mg/kg/day (about 65 times the exposure of the maximum
recommended human dose via AUC) for one month. Histopathological examination of
infertile males revealed changes in the testes and epididymides at 200 mg/kg/day (about
30 times). These effects are at relatively high multiples of expected clinical exposures.

In a fertility study in female rats, the high dose of 20 mg/kg/day (about 1 — 4 times the
exposure of the maximum recommended human dose via AUC) resulted in estrus cycle
changes, but no effect on fertility. No effect on the estrus cycle was observed at 6
mg/kg/day. Silodosin is not approved for use in women.

APPEARS THIS WAY
ON ORIGINAL
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22206

Review number: 1

Sequence number/date/type of submission: 000/13 December 2007/original submission
Information to sponsor: Yes () No (x)

Sponsor and/or agent: Watson Laboratories, Inc.

Manufacturer for drug substance: Watson Laboratories, Inc.

Reviewer name: Laurie McLeod-Flynn

Division name: Division of Reproductive and Urologic Products
HFD #: 580

Review completion date: 13 August 2008

Drug:
Trade name: Rapaflo
Generic name: Silodosin
Code name: KMD-3213 _
Chemical name: (-)-(R)-1-(3-hydroxypropyl)-5-[2-[[2-[2-(2,2,2-trifluoroethoxy)
phenoxy]-ethyl] amino] propyl] indoline-7-carboxyamide
Molecular formula/molecular weight: CosH3,F3N304 / 495.54

Structure:
O NH
CH,CH,CH,OH
oo @6[")
0\/\N o
v _
Relevant INDs/NDAs/DMFs: DMF —— , IND 56605 b(®

Drug class: alpha-1 adrenoceptor antagonist

Intended clinical population: men, for the treatment of signs and symptoms of benign
prostatic hyperplasia (BPH)

Clinical formulation: 4- and 8- mg tablets

Route of administration: oral
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Studies reviewed within this submission:
Pharmacology:

Receptor Binding Study of KMD-3213 and Its Metabolites or Optical Isomer (KMD-0005-A)

Effects of KMD-3213 on Blood Pressure, Heart Rate, and Phenylephrine-Induced Increase of Intraurethral
Pressure in Rats: Intravenous Administration (KMD-0006-A)

Effects of KMD-3213 on Noradrenaline-induced Contractions of Isolated Thoracic Aorta and Spleen in
Rats (KMD-0007-A)

Effects of KMD-3213 on Blood Pressure, Heart Rate, and Phenylephrine-Induced Increase of Intraurethral
Pressure in Rats: Intraduodenal Administration (K<D-0013-A)

Effects of KMD-3213 on Hypogastric Nerve Stimulation-Induced Increase of Intraurethral Pressure and
Blood Pressure in anesthetized Dogs (KMD-0015-A) v

Effects of KMD-3213 on Phenylephrine-Induced Increase of Intraurethral Pressure in Rats — Duration of
Action (KMD-0021-A)

Effects on action potential parameters in the isolated guinea pig papillary muscle for KMD-3213.

Safety pharmacology studies of MD127K: effects on action potential parameters in isolated guinea pig

Safety pharmacology study of KMD-3213

Effect of KMD-3213 on hERG tail current recorded from stably transfected HEK293 cells

Safety pharmacology study of KMD-3213 oral administration on the dog respiratory system

Effects on blood hormone levels in rats by oral administration of KMD-3213 (KMD-TX2002-703E01).

Effects on blood hormone levels in mice by oral administration of KMD-3213 (KMD-TX2002-704E01)

Investigation of thyroid hypertrophy in rats by repeated oral administration of KMD-3213 (Study no.
10283).

Toxicology:

Toxicity to dogs by repeated capsule administration for 52 weeks.

Twenty-six-week oral toxicity study of KMID-3213 in rats

Additional 26-week oral toxicity study of KMID-3213 in rats

Thirteen week study in dogs

Single Dose Toxicity Study of KMD-3213 Administered Orally in Rats (00229)

Single Dose Toxicity Study of KMD-3213 Administered Orally in Beagle Dogs (00233)

One-Month toxicity Study of KMD-3213 Administered Orally Followed by a 1-Month recovery Study in
Rats {00238)

Two-week oral toxicity study of KMD-3213 in Beagle dogs.

Preliminary study by oral administration of KMD-3213 for effects on embryo-fetal development in rats.

Preliminary study by oral administration of KMD-3213 for éffects on embryo-fetal development in rabbits.

Preliminary study by oral administration of KMD-3213 for the effects on pre- and postnatal development,

Single dose intravenous toxicity study of 0.1 M citric acid buffer solution (pH 4.0) in rats

Study on Fertility and Early Embryo Development Until Implantation in Rats - Study of Dose in Male Rats
(First Study)

Study on Fertility and Early Embryo Development Until Implantation in Rats - Study of Dose in Male Rats
(Second Study)

Study on Fertility and Early Embryo Development Until Implantation in Rats - Study of Dose in Female
Rats

Reproductive and Developmental Toxicity - Effects on Embryo-Fetal Development (Pivotal)

Embryo-Fetal Development Study in Rats (First Study)

Embryo-Fetal Development Study in Rats (Second Study)

Embryo-Fetal Development Study in Rabbits

Reproductive and Developmental Toxicity - Effects on Pre- and Postnatal Development, Including
Maternal Function

Reverse mutation test of KMD-3213 using bacteria

Reverse mutation test of MD127K in bacteria
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Chromosomal aberration test of MD127K in cultured Chinese hamster cells.

Mammalian cell mutation assay

Chromosomal aberration test of KMD-3213 with mammalian cells in culture

Chromosomal aberration test of KMD-3213 with mammalian cells in culture (by short-term treatment
without chromosomal activation)

Micronucleus study of KMD-3213 in mice

Rat liver DNA repair (UDS) test

Carcinogenicity Study by Dietary Administration to CD-1 Mice for 104 Weeks

Carcinogenicity Study by Dietary Administration to Male CD-1 Mice for 104 Weeks (replacement study)

Carcinogenicity Study by Dietary Administration to CD Rats for 104 Weeks

Intramuscular local irritation study in rabbits

Single dose intravenous toxicity study of 0.1 M citric acid buffer solution (pH 4.0) in rats

In vitro hemolysis study with human whole blood

Silodosin: Evaluation of in vitro phototoxicity on Balb/c 3T3 fibroblasts using neutral red assay.

Single dose oral (gavage) phototoxicity evaluation of silodosin in hairless mice

Four-Week Oral Dose Study to Investigate Accumulation of Metabolites in the Liver and Kidney in Dogs

Single Intravenous Injection Study of Glucuronide Conjugate of Silodosin in Rats

Two-Week Intravenous Injection Study of the Glucuronide Conjugate of Silodosin in Rats Reverse

Mutation Test of the Glucuronide Conjugate of Silodosin in Bacteria

ADME:

HC.KMD-3213: Absorption, metabolism, and excretion in the dog after single oral administration.

A Toxicokinetic Study of KMD-3213 in Rats After Single Oral Administration (10216)

Assumption of the enzyme responsible for the metabolism of KMD-3213 to its main metabolite KMD-
3293

Absorption site of '*C-KMD-3213 in male rat alimentary tract

Distribution of '*C-KMD-3213 to rat blood cells iz vitro study)

Plasma concentration of radioactivity after single oral or intravenous administration of "“C-KMD-3213 to
male rats

Identification of the enzyme responsible for production of metabolite KMD-3310 from KMD-3213

In vitro plasma protein binding of KMD-3213 glucuronide

In vitro plasma protein binding of KMD-3293

In vitro metabolism study of "*C-KMD-3213—identification of UGT isoforms using microsomes
expressing human UGT and determination of Km and Vmax values

A toxicokinetic study of KMID-3213 in rats (Sprague-Dawley) after single a oral administration (10216).

A study of KMD-3213 metabolites in mice after a single oral administration (10235).

A study of KMD-3213 metabolites in dogs (male Beagle) after a single oral administration (10211).

Pharmacokinetic study of KMD-3213: tissue distribution of radioacfivity in rats after a single oral
administration of 14C-KMD-3213

Study of Metabolites after a Single Oral Dose in Mice

Study of Metabolites after a Single Oral Dose in Rats

Study of Metabolites after a Single Oral Dose in Dogs

Other:
KMD-3213: Intramuscular local irritation study in rabbits.
In vitro hemolysis study with human whole blood.

In Vitro Study of Inhibitory Effect on Trypsin
In Vitro Study of Inhibitory Effect on Papain

10
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2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Silodosin is an alpha-1 adrenoceptor antagonist.

In a receptor binding study using membrane fractions of mouse-derived LM (tk-) cells in
which each of three human o 1-adrenergic receptor (AR) subtypes (0j4-, 0.15- and 0,jp-
ARs) was expressed, silodosin (KMD-3213) showed higher selectivity for the a;4-AR
subtype than either tamsulosin hydrochloride, prazosin hydrochloride or terazosin
hydrochloride (other e;-AR blockers). The affinity for the aja-AR subtype was highest
with tamsulosin hydrochloride, followed by silodosin, prazosin hydrochloride and
terazosin hydrochloride.

Silodosin showed a strong antagonism to noradrenaline-induced contraction in lower
urinary tract tissues of rabbits including the prostate, urethra and trigone of bladder (o) -
AR) with pA2 or pKb of 9.60, 8.71 and 9.35, respectively.

The pA2 of the antagonism to noradrenaline-induced contraction for silodosin in the
isolated rat spleen (a;5-AR) and isolated rat thoracic aorta (a;D-AR) were 7.15 and 7.88,
respectively. The selectivity of silodosin for the prostate was about 280-fold higher than
that for spleen and about 50-fold higher than that for the thoracic aorta, indicating high
selectivity of silodosin for the lower urinary tract tissues. Tamsulosin hydrochloride
showed a high antagonism to noradrenaline-induced contraction in every tissue studied
(pA2 or pKb: 8.64 —9.93).

Intravenously injected silodosin inhibited phenylephrine-induced increases in urethral
pressure in anesthetized rats in a dose-dependent manner and showed hypotensive effects
at higher dosage. When its selectivity for the lower urinary tract was compared with that
of other 0,-AR blockers, silodosin showed the highest selectivity, followed by tamsulosin
hydrochloride, prazosin hydrochloride and terazosin hydrochloride. Silodosin, after
intraduodenal administration, also inhibited phenylephrine-induced increases in urethral
pressure in anesthetized rats in a dose-dependent manner, and showed hypotensive effects
at higher dosage. Tamsulosin hydrochloride inhibited phenylephrine-induced increase in
urethral pressure like silodosin; however, the selectivity for the lower urinary tract was
higher for silodosin.

Silodosin (oral), at doses of 0.1, 1 and 3 mg/kg inhibited phenylephrine-induced increase
in urethral pressure up to 12, 18 and 24 hours after administration, respectively.
Tamsulosin hydrochloride orally-administered at a dose of 1 mg/kg did not show
inhibitory effects at 18 hours after administration.

Intravenously-injected silodosin and tamsulosin hydrochloride inhibited urethral pressure
increases induced by electrostimulation of the hypogastric nerve in anesthetized dogs and
showed a hypotensive effect at higher dosage. The hypotensive effects of silodosin were
weaker than that of tamsulosin hydrochloride, while silodosin selectivity for the lower
urinary tract was significantly higher than that of tamsulosin hydrochloride.

11
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Both silodosin and tamsulosin hydrochloride inhibited overactive bladder-like symptoms
observed in the rat benign prostatic hyperplasia model induced by sex hormones.

The proposed mechanism of action is that silodosin blocks the sympathetic nervous
system via the a;4-AR subtype distributed in the prostate, urethra and trigone of the
bladder to relieve tension of the smooth muscles of lower urinary tract tissues. This
reaction decreases urethral pressure, thereby improving the symptoms associated with
benign prostatic hyperplasia.

Prazosin hydrochloride and terazosin hydrochloride showed the highest affinity for op-
AR subtype, while silodosin showed the highest affinity for o, 4-AR subtype. The affinity
for 6;4-AR subtype of tamsulosin hydrochloride was about 3-fold hi gher than that of
silodosin. However, the ratio of the selectivity for a;4-AR subtype to that for a;g-AR of
tamsulosin hydrochloride was about 10-fold, which was lower than that of silodosin at
about 160-fold. The silodosin effect was persistent. '

The main metabolite in animals (rats and dogs) was KMD-331 0, while the glucuronide
conjugate of silodosin (KMD-3213G) and KMD-3293 were identified as major human
metabolites.

The affinities of KMD-3213G and KMD-3293 for human o, 4,-AR subtype were 8- and
42-fold lower than the corresponding affinity of silodosin, respectively. KMD-3310,
which was identified as the main metabolite in animals, showed no affinity for any a;-AR-
subtypes. The affinities of the other identified metabolites, KMD-3241, KMD-3289 and
KMD-3295, for a1a-AR subtype were equal to or lower than that of silodosin.

The affinities of KMD-3213G for rat mandibular gland, where 0;,-AR subtype is mainly
distributed, and for rat liver, where o1-AR subtype is mainly distributed, were 4.5- and
35- fold lower than the corresponding affinity of silodosin, respectively.

In isolated rat prostate tissue, both silodosin and KMD-3213G caused the concentration-
response curve of noradrenaline-induced contractions to shift to the right, and treatment
with the parent and metabolite at higher concentrations caused a decrease in the
maximum contractile response. The pKb values of silodosin and KMD-3213G were
10.15 and 9.86, respectively, while the activity of KMD-3213G was about half of that of
silodosin.

The plasma and prostate concentrations of silodosin and KMD-3213G were compared
after intravenous injection in rats. After intravenous injection of silodosin, the
concentration of silodosin was higher in the prostate than in plasma. After intravenous
injection of KMD- 3213G, the concentration of this metabolite in the prostate was lower
than the concentration in plasma. The ratio of prostate/plasma concentrations of KMD-
3213G was about 19~ and 10-fold lower than that of silodosin at 1 and 4 hours,
respectively, after the start of injection. This indicates that KMD-3213G was less
distributed in the prostate than silodosin.

12
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Silodosin’s affinity for 8,-AR (pKi value: 8.25) was almost equal to that for a;p-AR
subtype (pKi value: 8.66) and a,5-AR subtype (pKi: 8.19), but showed affinity only at
higher concentrations for a,- and B;-AR, muscarinic receptor, serotonin (5-HT1) receptor
and dopamine (D1, D2 long, D3 and D4.2) receptors. The affinities of silodosin for any
receptor subtypes other than 0;4-AR were lower than that for a;s-AR.

A uterus specimen isolated from a pregnant rat was used to determine the action on B,-
AR. Silodosin showed antagonism to B,-AR at concentrations of 3x10°® mol/L and
higher.

The affinity of KMD-3213G for dopamine D3 receptor was almost equal to that of

. silodosin, although its affinities for o;-, B;- and B;-ARs, muscarinic receptor, serotonin
(5-HT1) receptor and dopamine (D1, D2 long, D3 and D4.2) receptors were lower than
the corresponding affinities of silodosin.

KMD-3293 showed a lower affinity for all tested receptors than did silodosin.

APPEARS THIS WAY
ON ORIGINAL
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2.6.2.2 Primary pharmacodynamic study summaries

Mechanism of action, in vitro receptor binding, antagonism of smooth muscle contraction

in situ, etc. for silodosin and its metabolites:

Affinity for Human o;-AR Subtypes :

Report Title: Receptor binding study of KMD-3213 and its metabolite and optical Study No.: KMD-0003-A
isomer
Test Material: " Membrane fraction of IM(tk-) cells expressing human receprors Test Arricler  Silodosin
Route of Invitro
Administration:
D -Concmtr:léion used {mokl) Results: pXi valug
181}
& a-AR AR AR AR ong-AR anrAR
silodogin Ix1Or - 110% 10 1107 1107 - 1w10? . n
(ED-3213) (Commopn ratie 30} | [Commonratoe 19} | (Common zatio 19) 1042057 8192004 366+ 002
ramsulosin 1107 1167 1077 1107 3x107 - 1x107 o= o N
hydrachleride (Conumon ravio 307 | (Common ratio 10) | (Common zatio 10) 10.8=0.87 922200 1052007
prazosin IOE 1107 1167 - 1x16¥ 1107 - 1108 s =003 - P
hydrochloride [Comnon ratio 10} | {Common ratie 10) | (Cemmon rstio 10) 9.91=0.03 10.6+0.03 103004
tezazosin 1x16™ - 1x107 Ex107T - 1x107 1x107 - 14107 N ~
hydrockloride | (Commnomratio 30} | (Conmsonratio 10} | (Cemsmon ratio 16 871016 940002 9.07+001
Actions on Noradrenaline-Induced Contraction in the Isolated Rabbit Tissues
Report Title: Effects of KMD-3213 on noradrenaline-induced contraction in the Study No.: KMD-0010-A
isolated rabbit prosiate, urethra and frigone of bladder
Species/strain'sex: RabbitJapaness White/male Test Article:  Silodosin
Route of In vire
Administyation:
Test Conrcentration used
maferisi Drug (molT) Besults
silodesin 1%16%. 1 *10”" Conc d ] =xd inhibition of the mudomme pKb: 9.60+0.05
EMD-3213) b respasse by abour 30% by weatment at 1x10% moVL.
Prostate tamsulosin 1ein?, 1ag® Conceniration-dependent antagonism snd inhibirion of the maximum pEb9.83 2 0.07
zpacimen ‘hydrockoride 2 response by about 30% by westment at Ix10¥ moVE
prazozin 17107 - 3x107 N N PAr 791 =002
hydrackloride (Co atio 3) Concentration~dependent zrtagonicm
silodasin 3%107 - It . ——— PAs 371 =0.00
EMD-3213) (Conmon rario 3) Concenirstion-dzpendent antagordses
Urethra tamslosin 3n107 - 1107 ration-dspend omis PAz G00=0.06
pacinten hydrecklorde (Commen ratio 3} Con on-dep ¥ antago!
Pprarosin 3%107 - Ixi6” . o~ PAN 705004
hydrackloride © on ratio 3) Concentmstion~dependant antagonism
silodosia 3107 - 1107 Concentraticn-dependent antagoaism 2rd mbibition of fe maxinwm pEb: 035 £ 0715
X EMD-3213) {Conuon ratio 33 response by abour 40% by wesrment at 110" malE.
T;ig;;"f Tswosin =167 - 340 Concertration-deperdent an7azomisin ond fiibiton of tha maximum | pKb: 945 = 014
spacimen bydrocklotide (Comauon ratio 3} response by abour 40% by treetment at 3%10% melL
prazesin 3x167 - Ix10° . ;. pAy 8.10=0.03
hydrochloride {Comoxn ratio 3} Concennarion-dependant antrgonism

AdoD ejqissoq ysog
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Actions on Noradrenaline-Induced Contraction in Isolated Rat Tissues

Report Title:

Effects of KMD-3213 on noradrenaline-induced contraction in the Study No.: KMD-0007-A
isolated rat thoracic aorta and spleen
Species/strain/zex: Rat/SD/male Test Article:  Silodosin
Route of In vitro
Administraiion:
Test material Prug Conceniration used (mol(L) Results
sHodosin 3107 - Ix10° - .
. (RMD-3213) (Comaon zatio 3) Ceacenration-dependanr antzgonism PA 7.88= 005
Thoradte some e =107 - 3167
spacimen MIDT -2 N i | N
3p2 bpdrochloride Co o 1960 3) Concentration-dapendant avtagonism DA, 9.82=006
‘prazosin %107 -3«10° . °
ki Con depend conisw 29372
Bydrochlozide {Corrmon 1stio 3) e = = PASI1T£ 606
sitodosin 1x107 - =167 . N <
Cone deperd s 715 %
FD-3213) (Common ratio 3) o 7 antag 24z 7152005
Splesn tamsnlosin 3107 - 12107 . sorp s | 2t
specimen hydrochlodds (Common zatio 3) Conranrztion-dependent antagonism, PA::3.64 0606
Frazosin 1>x107-3x107 . 5 N 4. so13
hydrochloride «© om 120 3) Coacapmation-dependant antagonism PA 0342013
Effects in Rats In Situ — Intravenous Injection
Report Title: Effects of KMD-3213 on blood pressure, heart rate and phenylepbrice-  Study No.: KMD-0006-A
: induced increase in urethral pressure in rats: Intravenous injection
Species/strain/sex: Rat/SDimale Test Article:  Silodosin
Route of Intravenous injeciion
Administration:
Resnlts
Dose (pg/lig) Tncreasein S5
Drugs mrethral pressure | BICABRSIRT | oy for the lower
Increass in wratkral N ) wrinexy ract (5D, My}
‘ pressie Blood pressure ¥ Dy, (22} EDyy {uzke) “
siodosia (MD-3213) 7 03 - 30 (Commonrate 33 | 1 - 300 {Cozxmon ratio 3) 0832 ind 117
samsnlosin hydrochloride | 0.03 - 3 (Common rtio 3} | (.1 - 30 (Conxwor ratio 3) G400 0.3¢5 234
przzosin hydrochicride 6.3 - 30 (Common ratie 3 | 0.1 - 34 (Common ratio 3) 104 0.702 0.19¢
terazosin bydrozhloride 3 -300 (Common reric 3} | 1 - 300 {Common ratio 3) 387 6.60 0.17
a} Mean biood pressure.
%) KMD-3213-2HBrsalt
Effects in Rats Jn Situ - Intraduodenal Injection
Report Tidle: Effects of KMD-3213 on blood pressure, heart rate and phenylephrine-  Study No.: KAD-0013-A
induced increase in urethral pressure in rats: Intraduodenal
. administration -
Species/sirain‘sex: Rat/SD/male Test Ariicle:  Siodosin
Route of Intraduodenal administration :
Administration:
Results
Drug Doze (nyke) Incresse u artbral Bloodpressepe ¥ | SHeCEvity for the
pressre lower wivary wact
TncTeass 10 WELHs] Pressure Blood prezsars ¥ By, (12E2} ED,, (RokE) (EDwDye)
sitodosin . <, - - P
(RMD-3213) 3 - 300 (Corumon ratio 3) 100 - 3000 (Common ratio 3) s 276 260
h;fﬁ_‘éﬁe 3-100 (Commonratio3) | 10- 300 {Common rato 3) 545 208 13

a) Mean blood preseara.
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Effects in Rats In Situ — Persistency of Effect
Report Title: Effect of KMD-3213 on phenylephrine-induced increase in urethral Study No.: KEMD-0021-A
pressure in rats - Persistency of the effect
Speciey/ztrain‘sex: Rat/SD/male Test Arficle:  Silodosin
Route of Oral administration
Administraion:
Drug Doze (pgkg) Time affer drug tresfment (br} Results
2 Sigrificant supp of phenyleghrins induced IcTazse in trelrat
“ Pressure as compered with the contol grom at 100 pgke or hizher doza
sifedozin 30- 3000 13 Signifcant ion of phenylephrine-frduced incrasse in wrefrat
EBD-3213; (Common ratie 3) preszure as conipsred with the conivol greup a1 1000 pEikg or higher dose
24 Sigrificant suppression of pkenylephrina-indured Incresse in wretisal
pressurs ss compared with the conmol Zeoup ar 3000 pakz
12 Sigrificant supprezsion of pk phrine-tnduced incrazse In vreth
) Pressure gs compared with the control groap av 300 pz/kg or hizher dose
tamsulosin 30--3060 15 Significant suppression of phenylaphrine fntuced inoesss in wemml
Bydsechioride | (Common ratic 3) pressurs s compared with th2 controt group 2t 3000 pgky |
24 No ziznificant iox of phestylaphiine-indnced increase i weethrsl
- T obsarved as < with the cemirol group up 10 3002 ngkg
Effects in Dogs /n Situ
Report Tiile: Effects on hypogastric nerve stimulation-induced increase in urefhral StudyNo.:  KMD-0015-A
pressure and on blood pressure in anesthetized dogs :
Speclesfsirain/sex: Dogsibeaglemale Test Aticle:  Silodosin
Route of Infravenous injeciion
Administration:
Results
Drug Dose (pg/ke) Incresse in urethrs) pressure Blood pressime ™ Selectivizy for the lower
D (nzkg) EDis (ugks) urinary tract (ED)0Dv)
hm&“de © 6.3 - 300 {Conmon ratio 3) 18360470 430 = 102 2372966
Tlodosin - P o1 .
(KMD-3213) Iy 0.3 - 300 {Conurron rstio 3) ‘ 0.908 = 0300 0.837=0.130 1.21=0.20¢

a) Mean blood pressuza.
b} XMD-3213-2HBzsal
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Affinity of Metabolites for Human o;-AR Subtypes

Report Titles: Receptor binding stady of KMD Study No.:  KMD-0005-4
Receptor binding study of the metabolite of KMD KD-0009-A
Test naterial: Membrane fraction of LM(fk-)oells expressing human Teceptors
Test Aricle: Silodosin and related mesabolites
Route of Invitro
administration:
Drug Contentration used (molL) Results: pKi
ag-AR AR ay&R oa-AR a-AR ay-AR
KMD-3213G© 12107 - 110" 1367 - 110 1x107- 1107 o an o
(Common ratio 10) | (Common ratio 16) | (Common ratie 10) 9-3020.03 6.53=0.10 7.09 =086 (%?
MD-321 7 B L RES T 107 - 1x16° 1x107 - 12307 Canns N N
{Gommon retio 10) | (Commonzmstio 10) | (Corumon ratio 1G) 1952005 8562001 916202 @«
KMD-3289 Ix167 - Ix10™ 1107 - 1#18° 1x107™ - 1x36° i .
{Common r2fio 10) | (Cammen zatie 10) | (Common tatio 10} 102+0.02 go2=021 8872002 &?
D523 <1077 - 12307 I=I0¥- 12107 I=10°- 1«10 PN e 33s0n0e
{Common ratio 10) | (Conmion rstie 10) | (Common ratio 1) 8.760.03 6972002 +13=00% &
EMD-3205 1:167 - 15107 1x157 - 12107 12107 - 1x167 N . yom
{Common rstic 10) | (Comunon ratic 10) | (Commen ratin 10) 8572006 5.59=0.04 7422004 0
——
EMD3510 T<E0 - Ix107 TG - Ex 10T 107 1=107 < i
{Common rzdo 10) | (Cowmonratio 10) | (Common retio 19 <38 <39 <35 (D
EMD-3200 7 1x10°7 - 1x107 1216712107 1107 - 1107 e . P
(Commonrefio 10) | (Commen atio 10) | - (Commen ratio 10) 5124802 A 004 n64=0.10 g
a) Glucwronide conjuzate Na of RAMD-3213 (MDIZTRA ¢ EMD-2213G).
b) KMD-3241 oxalare. g

<} Opticzl isomer.

Affinity of Glucuronide Conjugate of Silodosin for Rat 0,-AR Subtypes

Report Title: Study on binding of KMD-3213 and MD1{27X to rat o;-adrenoreceptors StadyNo:  AL-2232.G
Species/sirainfsex: Rat
Test Article: Sitodosin and ghicuronide conjugate K metabolite of silodosin (D127K or KMD-3213G)
Rouie of In vitro
Adminisiration:
Testitem Test material Drug Concentration nsed {mold) Results: pKi value
TR > L _ <107 ey ~
AR Tt man ar gland ';"110&09{1 \z{.\ﬂ)-sjli) Ix ]0.“ 1 xlod {Common r.-rfu i3y 992
j zlucwronida conjugate K o RMD-3213 1107 - 1» 10 (Commton rstio 10) 927
i 3 107 - 1107 z T3
AR Rat liver iﬂcdmm (K.\‘ID-J:IS) 11-10” 1 15)-‘l {Corrnon ratio 10) : 39
ghucuronide conjugare X of KMD-3213 1x107 - 1x10” {Common ratio 10) ©5.84

Effect of Glucuronide Conjugate of Silodosin on Noradrenal me—Induced Contraction in the

Isolated Tissue
Report Title: Effects of KMD-3213 and MD127K on nogadrenaline-induced contraction Sudy No.:  KMD-11004
in the isolated rat prostate
Species/strainfsex: Rab’SD/male

Test Article: Silodosin and glucu:romde cenjugate X nterabolite of siledosin {MD127K or KMD 3213G)
Route of © Inviro
Administration:
Test material Drug il Results
; . 2y apd Concentrstion-depandant antagonizm sxd inkibition of de ~ -
Prossate silodosin (KMD-3215) 107, 110 maxiuum response bvabam'#‘ﬁ:&hy trexnment at In10¥ mol1, | PR0: 1015004
spacimen R i R . a den: ; nbibi
& glucurenjde conjugare e & Concenirat and of the . -
X of KMD-3213 1107, 110 maximum regponse by sbews JSo by treanmenr at 1n10% mot, | PO 986:20.05
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Distribution of Glucuronide Conjugate of Silodosin into the Prostate
Repornt Title: Measurement of plasma and prostatic concentrations after continnous Study No.:  KMD-11005
mjection of KMD-3213 and glucuronide conjugate of KMD-3213 in rate
Species/sirain/sex: Rat/SD/male

Test Arficle: Siledosin and glucuronide conjugate X meta'bohte of siledosin MD127K or KD 3213G)
Route of Centimnous iniravenous injection
Adrninistration:
Results
: Plsoms corcentration {nz/ml) Prstatic concenmation {ng/s)
Drug Dose (ughgbr) | A ed Substance After 1 Afer Hh Afrer 1-hr Afer Aar
: injaction njaction mjacton injaction
silodosin 120 silodosin (KMD-3213) 3323589 5058703 V71T 7105
(RMD-3213)% B TMD-3213G 7 ND. ND. X S12=600%
slrcvronide sHodosin FMD-3213) | ° MD. ND. 106=479° 312=486%
cunjugate K of 130 ) <
BMT-3213 EMD-3213G 114242353 11795 +37.86 2608+:3.63 20.20=53.63
Results ]
Brug Afeasured sobstance After 1-br continuous injection After 4-hr continness injection
Prosmtic/plssma concentration ratio 7 | Ralative ratio i con: iod T2tio 7 | Relative rotio
Y e
- S
(FEMD-3213)» ED-3213) 470=4.14 L0 155=237 19
gluctronide
<onjugare K of RMD-32136% 0.25=0.10 viss 0732030 1103
D-5213
ND..  Notderected (balow the qusntimtive Hmit) (pt O ign: <23 n2imi., | iC £ONC ion: <1.0:0sp ).

a) KMD-3215 « 2HBr salt,b) Glucuronide conjugate of KMD-3213,¢) ND.in 5 of § a..m:als &) ND.in 3 of 6soimals, &) N.D.in 4 of 6 animals, £} The
prostaticplasma concenTsHon o mems the s in tarms of the meastred stbsmnce.

Drug activity related to proposed indication:

The proposed mechanism of action is that silodosin blocks the sympathetic nervous
system via the a;4-AR subtype distributed in the prostate, urethra and trigone of the
bladder to relieve tension of the smooth muscles of lower urinary tract tissues. This
reaction decreases urethral pressure, thereby improving the symptoms associated with
benign prostatic hyperplasia.

Effects on Rat Benign Prostatic Hyperplasia Model

Report Title: Effects of K}MD-3213 on the urodynamics of sex hommone-inducad Study No.: KMD-11001
benign prostatic hyparplasia model in rats
Speciesfstrainisex: Rat/SD/male Test Article: ~ Silodosin
Route of Intravenous injection
Advunistration:
Drag Dose (pelg) Resnlts
Significant decresse in frequsncy of wemcu' e bladder-Jike conmecmon o5 coraared with the contrel
sitodosin _ oo gronp at 10 pzkz or hizher dose .
E3D-3213)" 1-100 (Commonsaio 10) | gy e canr dacveqse in fue moximn i icsl p and bladder capacity as compared with the

couzol group at 10 ugks

ACOD) 9jCISSOd 1589

tamsulosin Sigificant decrense in frequency of overactive biadder-like contracrion arnd significact decrease in e
h‘ drochloride 1- 100 (Common ratio 10) | mpxitoum ntrsvesical pressure a5 compared with the control group ar 10 g%z or higher dose
> Siznificant decrease in bladdar cspacity as comparad with the conrol zxoup at 100 pgkeg

2) XMD-3213+2HBr sals.
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2.6.2.3 Secondary pharmacodynamic study summaries:

" In a battery of secondary binding studies, minimal effects were observed for silodosin and its metabolites.
Affinity for Various Receptors

Report titde: Binding sindy nsing radioreceptor assay Study No.: AL 1246
Test material: Rats and S19 cells Test Article: Silodosin
Rouie of . in vitro
adminisiration:
Resalts: Inhibifion rate (%5)
Test Item “Test Material Silodosia (KMD-3213) (mebL)
I<10” 1107 1:36% 1107
ax-aR Rat cerebral comex 133 1231 4745 86.39
Bi-aR Razcersbral comex 13.06 £8.50 325 100.00
Muscarine recepror Rare cerebral corex 0.00 .34 050 2021
Serotonin (5-5ITy) recapter Ry stristum 21.83 #0.42 7225 94.04
Testitam Test material i Results -
ICsy wabue (molL) pKi velua
P4 SR calls exprossing hnman receptor 6932167 8.25
Dogsmine Dy receptor 'S£9 calls exprassing hunum receptor 3012167 4852
Doparyina Dy, long recepter Sf2 calle exprassing hnmm receptor 3452107 5.5%
Dapamine Dy receptor ST cells expressing rat raceptor 205107 .46
Dopamine Dy recaptor S5 ceils espressing Imman receptar 7.83x16" 630

AdOD 2[qissOd 1594

‘The rasult i5 presented by the mhibition rate for ax-AR, Pi-AR, muscarine pzceptor and zerotonin (5-HT3) receptor amonz nine receptors, while tbat for Pi-AF
aud dopsmine (B, D; leng, B, and D, .} receprors s pressntad by pKi vale.
Contextrations of slodosin (KMD-5213) used in the stedy:
13107 - 1107 molL (corsmon ratie 10, 0,-AR and fi-AR, maiscarine receptor sud serotonin (5-HT, ) recepror).
12307 - 1x107 mobL. (common ratie 3, §-AR, and dopsmina D. loog r2cepior).
1210 - 110" mol/L {cormmon ratio 3, dopamive (D, Dy 28d Dy saceptors).

Pharmacological Action on B,-AR

Report title: Effect of KMD-3213 on isolated pregnant rat uterus preparation Stady No.: KMD-6620-A
Species/strain/sex: Rats/SDifemale Test Article:  Silodosin
Route of in vitro
adminisiration:

Testitem Concentration used {mol/L} Rezults

<107 1w E0”

Acgor of silodosin (KMD-3213) alone .
(Corzruex zato 303}

No effact-on erzytocin-induced fhyshmic contraction up 1 110 molL

3107 - IE0” Inhibitian of rel
{Coxamon ratdo 3)

ing offact ofitop 1 on oxyrocin-induced

Interaction with isoproterspol rhiyshrnic contraction at 3% 10 moVL ar higher corcentration

Affinity of Main Human Metabolite Glucuronide Conjugate of Silodosin for Various Receptors

Report title: Binding study to various receptors of MD127K StudyNo.:  AL-2133-G
Test material: Rats, SE9 cells and CHO-K1 cells
Test Article: ghicaronide conjugate K matabolite of silodosin {MD127K or KMD-3213G)
Route of in vivo
adminisiration:
Test ifem Test material Besults: pKi value
‘Ghcaronide conjugate K of KMD-3213
AR Pat cerebral comtex M.D.
Br-AR Rat cerebral comex 420
Muscarine receptor Rat cerebra) corten. ND.
Sexotonin (3511 ;) receptor Rat sedfasen ND.
prAR 89 cells expressing buman r2ceptor 496
Dapamine D, receptor S£0 celts excpressing hemsn receptor ND.
Dopamine D tonz receptor SID celis expressing Iman raceptor ’ ND.
Dopamine Dy recepsor S£2 cells axpressiug rat recepior 627
‘Dopamin: Dy 3 receptor CHO-X] cells expressing burean recepior ND.
ND.: Not derermiined (the inhibition rate at the concentration of 1x107 mol/L was lass than 3055),
Cone ione of giuc: ide ¢ cate K of KASD-3213 used in che sndy:
12107 - 1x1¢™ molL (cormon ratio 10, cy-AR and Py-AR, muscarine receptor, serotenin (3-HT;) recepior and dopamine (Dy, Dy lonz, Dy and Dasy
TeCapIors).

12107 . "1+10™ mokL {commeon ratio 10, Br-AR).
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Binding of MD127K (glucuronide conjugate of silodosin) to various receptors:

0-adrenergic receptors

Inhibition (%) ICso (M)
Compound (conc.) | 3x10% [ 107 3x107 | 10° 3x10° | 107 10"
MDI127K - 316 |- 1.81 |- 572 [35.02 |>10°
Yohimbine 15.59 |36.47 |56.93 |82.12 [87.62 |- - 2.11x107
Bi-adrenergic receptors
Inhibition (%) ICso (M)
Compound (conc.) | 107 3x10° ] 10°® 3x10° | 107 10° 107 104
MD127K - - - - 0.00 [000 [937 [5553]8.33x10°
Propranolol 14.53 [39.36 | 54.80 | 77.21 86.75 | - - - 7.43x1Q0°
»-adrenergic receptors
Inhibition (%) ICso (M)
Compound | 10 [3x10™ [ 10° | 3x107 | 10° 107 J10®° J10° 10%
MDI27K. [ 0.00 |- 0.00 |- 0.00 [0.00 |0.98 |34.02 [77.23 | 2.25x10°
Propranoclol | 15.50 [ 26.69 | 47.85 | 77.47 19292 |- - - - | 8.66x10°
Dopamine D1 receptors
Inhibition (%) IC50 (M)
Compound | 3x10™ [10° [3x10° [10° [3x10° | 107 [10° | 10° 107
MDI27K |- - - - - 0.00 | 0.00 |2.28 7.55 | >107
SCH23390 | 13.16 [30.83 [ 4957 |67.52 [7737 |- - - - 3.82x10°
Dopamine D2 long (human) receptors
Inhibition (%) 1Cso (M)
Compound 10° [3x10° J10% [3x107[107 [10° | 107 10°
MDI127K - - - - 0.00 |1.71 [3.16 32.54 [ >107
(+)-butaxclamol | 4.18 | 19.12 [47.58 | 7457 | 96.08 | - - - 1.11x10°%
Dopamine D3 (rat) receptors
Inhibition (%) ICso (M)
Compound 10° [ 3x10° J10°® 3x10° [ 107 [10° 10° J107
MD127K - - - - 251 13854 {8636 ] 100 1.58x10°
(+)-butaxclamol | 2.96 [ 17.62 | 46.07 | 81.70 | 92.26 | - - - 1.02x10°
Dopamine D4.2 (human) receptors
Inhibition (%) ICso (M)
Compound | 3x10° T 10% 3x10% ] 107 3x107 [ 10t 10” 10"
MDI127K - - - 403 |- 9.53  |5.63 11.82 [ >107
haloperidol | 15.11 [ 27.67 | 4281 |65.17 | 7649 |- - - 4.41x10°
Muscarinic (non-selective) receptors
Inhibition (%) ICso (M)
Compound | 3x10°° [ 10° [3x10° [10® [3x10° | 107 | 10° |10 10
MDI27K | - - - - - 193 088 [3.12 [000 |>107
atropine 10.60 | 14.83 | 25.77 [57.81 | 7766 |- - - - 7.40x107
Serotonin SHT1 (non-selective) receptors
Inhibition (%) ICso (M)
Compound 10°  [3x107 T10°% 3x10° 1107 J10° T10° [10?
MDI127K - - - - 247 {1644 |2454 [43.72 | 107
serotonin 29.40 [50.45 | 72.87 [88.07 | 98.72 | - - - 2.90x10”
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Receptor Kd (nM) Bmax
B,-adrenergic 1.62 5.60 fmol/mg tissue
B,-adrenergic (human) 0.18 2302.75 fmol/mg protein
Dopamine D3 (rat) 1.03 6109.06 fmol/mg protein
Receptor Substance Ki (M) pKi
B-adrenergic MD127K 6.37x10° 4.20
By-adrenergic propranolol 5.68x10” 8.25
B,-adrenergic (human) | MD127K 1.09x107 4.96
B,-adrenergic (human) | propranolol 4.21x107° 9.38
Dopamine D3 (rat) MDI127K 5.37x107 6.27
Dopamine D3 (rat) (+)-butaclamol 3.47x10° 8.46
Affinity of Main Human Metabolite KMD-3293 for Various Receptors
Report title: Binding study & various receptors of MD127K. Study No.: AL-2133.G
Test material: Rats, S99 cells and CHO-K1 cells
Test Article: Maetabolite KMD-3293
Route of in vitro
administration:
Testifem Fest material R“;ﬁg:‘:g‘;““
AR Rar cerebral cortex ND.
B:-AR Rat cerebial cormx 348
MussTins TEceptor Rar cereteal coriex ¥D.
Serotonin (3-FT3) receptor Rat swdatm ¥D.
B:-AR $19 celis expressing human raceptor 3.04
Dopamine D, receptor SI9 celfs expressing hnman receptor ND..
Dopamine Dz loag receptor 519 ¢olis expreasing humsn receptor 519
Diopaniine Dy receptor SO celis expressing ras receptor 5.92
‘Dopamina Dy recepror CHO-K1 cells expressing hmmazn r2capror KD,
MD.:Nor d ived {the iuhibiton rate az the conc ion 0f 14107 mel/L was less than S03%).

AdoD 8jdissod 1588

Concantpations of XMD-3203 used iz da study:
1107 - 13107 motL (commeon ratie 1), 2)-AR and - AR, nwmscarine receptor, sarotoain (3-HT,) recepror and dopamine (Dy, Dy long, Dy and Dy )
TeCepiaIs). :
1107 - 110 mobL fcornmon ratio 10. B-AR).

Binding of KIMD-3293 to various receptors:

oz-adrenergic receptors

Inhibition (%) ICso (M)
Compound (conc.) | 3x10® | 107 3x107 J10°  [3x10° [ 10° 107
KMD-3293 - 088 |- 392 |- 691 [35.64 |>10°
Yohimbine 13.37 133.81 [59.36 |83.49 9412 |- - 1.99x107
B,-adrenergic receptors

Inhibition (%) 1Cso (M)
Compound (conc.) | 107 3x10° ] 10® 3x10° ] 107 10° 10° 104
KMD-3293 . - - - - 0.00 13322 |60.75 |92.64 | 4.31x10°
Propranolol 33.00 }63.54 | 74.85 | 88.89 | 100 - - - 2.08x10°
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»-adrenergic receptors
Inhibition (%) ICs0 (M)
Compound | 10 [3x10™ [10° [3x10° | 10° [ 107 [10° [10° |10
KMD-3293 | 0.42 - 2.98 - 0.00 2.64 | 6.61 |42.07 | 84.55 | 1.44x10°
Propranolol | 647 | 21.30 5472 17326 | 9335 | - - - - 1.00x10°
Dopamine D1 receptors
Inhibition (%) ICso (M)
Compound | 3x10™° 107 T3x10° [10° | 3x10® | 107 | 10° ] 10° 107
KMD-3293 | - - - - - 0.00 | 0.00 [5.06 15.06 | >107
SCH23390 | 10.38 25.65 | 39.13 60.77 | 83.60 - - - - 4.66x10”
Dopamine D2 long (human) receptors '
) Inhibition (%) 1Cso (M)
Compound 107 [3x10° [10% [3x10°[107 [10° | 10° 107
KMD-3293 - - - - 0.00 280 |21.13 64.78 4.83x107
(+)-butaxclamo] 14.45 | 32.09 54.21 | 69.48 |90.46 | - - - 9.03x10°
Dopamine D3 receptors
Inhibition (%) I1Cso M)
Compound 10° [3x10° |10°® 3x10° 1107 T 10° 10° ] 107
KMD-3293 - - - - 1.99 28.28 | 74.97 { 92.12 2.88x10°
(+)-butaxclamol | 15.44 | 28.98 47.16 | 62.85 | 84.23 | - - - 1.13x10°®
Dopamine D4.2 receptors
Inhibition (%) ICso (M)
Compound | 3x10” [10®  [3x10% [ 107 3x107 [10° 10° 10°
KMD-3293 - - - 1.73 - 3.83 15.11 3842 | >10"
haloperidol 1846 134.15 |48.14 7629 |87.07 |- - - 2.43x10°
Muscarinic (non-selective) receptors
Inhibition (%) 1Csp (M)
Compound | 3x107° | 10® [3x10° [10% [3x10° ] 107 | 10° | 10° 107
KMD-3293 | - - - - - 143 1502 {083 [0.00 [>107
atropine 4.41 16.73 | 38.77 |59.45 [ 81.00 |- - - - 5.85x10”
Serotonin SHT1 (non-selective) receptors
Inhibition (%) 1Cso (M)
Compound 10° - [3x10° [107® 3x10° 107 [10° 10° 107
KMD-3293 - - - - 0.18 | 0.00 0.00 | 22.15 >107
serotonin 21.01 | 39.43 65.30 18416 | 96.43 | - - - 4.68x10°
Receptor Kd (nM) Bmax
j,-adrenergic 2.56 4.25 fmol/mg tissue
B,-adrenergic 0.38 3222.22 fimol/mg protein
Dopamine D2 long 0.24 8887.28 fimol/mg protein
Dopamine D3 1.08 7134.80 fmol/mg protein
Receptor Substance Ki (M) pKi
B,-adrenergic KMD-3293 3.48x10° 5.46
\-adrenergic propranolol 1.75x107 8.76
B,-adrenergic KMD-3293 9.12x10° 5.04
By-adrenergic propranolol 6.33x10°° 9.20
Dopamine D2 Jong KMD-3293 6.48x10° 5.19
Dopamine D2 long (+)-butaclamol 1.21x10” 8.92
Dopamine D3 KMD-3293 1.21x10° 5.92
Dopamine D3 (+)-butaclamol 4.75x10” 8.32
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2.6.2.4 Safety pharmacology

Neurological effects: Orally-administered silodosin(KMD-3213) showed no effects on
the central nervous system of rats at doses up to 2 mg/kg. After administration of
silodosin at 20 mg/kg, trembling, decreased awakening levels and decreased body
temperatures were observed.

The glucuronide metabolite of silodosin, KMD-3213G (or MD127K) did not show any
effect on the central nervous (rats) after intravenous injections up to the highest dose of 3
mg/kg.

Safety pharmacology study of MD127K intravenous administration on rat central
nervous system (4262, 15 August 2003, GLP). MD127K was administered to male
Sprague-Dawley rats (N=5/group) at 0, 0.3, 1, and 3 mg/kg iv. No effects on home cage
observations, hand-held, open field activity, stimulus response, or nervous/muscle
responses were observed at 10, 30, 60, 120, or 240 minutes after dosing.

Safety pharmacology study of KMD-3213 (3291, 8 Sepfember 2000). CNS effects
were observed in male Wistar rats (N=5/group) and cardiovascular and respiratory effects
were observed in conscious male Beagle dogs (N=5/group)(oral; 0, 0.2, 2, and 20 mg/kg).

In rats, no effects were observed on home cage measurement (body position, respiration,
clonic involuntary movement, tonic involuntary movement, vocalization, ptosis),
handling observations (reactivity, handling, ptosis, lacrimation, salivation, piloerection),
- open field activity (open field rearing, clonic involuntary movement, tonic involuntary
movement, gait, ambulatory movement, arousal, occurrence of stereotype, abnormal
behavior, defecation, urination), stimulus response (response to approach, response to
touch, sound response, tail pinch response, pupillary reflex, pinna reflex, corneal reflex,
righting reflex), nervous and muscle observations (abdominal tone, limb tone, forelimb
grip strength, hindlimb grip strength, landing foot asplay) up to 2 mg/kg and in
spontaneous activity up to 20 mg/kg

rats Males (mg/kg/day)
0 0.2 2 20

Clonic involuntary movement | 0 0 0 1at1hrand?2 at2hrs
Body temperature
__predose 37.5 37.5 375 37.5
__0.5 hours postdose 374 374 373 36.8%*
1 hour postdose 376 - 37.8 37.7 36.3%*
__ 2 hours postdose 373 37.4 37.1 36.2%*
__4 hours postdose 37.2 37.3 37.1 36.7**

6 hours postdose 37.3 374 37.2 37.1

Cardiovascular effects: Orally-administered silodosin in conscious dogs decreased blood
pressure at doses as low as 0.2 mg/kg. No effect on heart rate and ECG was observed at
doses up to 20 mg/kg.
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Silodosin inhibited HERG tail current with the ICso value of 8.91x10-6 mol/L. It
prolonged APDy, in the papillary muscle isolated from guinea pig by 6.4% at 1x10°
mol/L and by 17.1% at 1x10°° mol/L.

In dogs, no effects of silodosin were observed on PR or QRS interval.

1 dogs Males (mg/kg/day)
0 0.2 2 120

Respiratory rate :
__predose 16 15 14 16
__0.5 hours postdose 16 16 16 18
__1 hour postdose 17 16 17 16
__2 hours postdose 19 19 21 21
__3 hours postdose 17 21 19 23*
__4 hours postdose 16 - 13 23* 21
__ 6 hours postdose 14 14 15 24*
__8 hours postdose 15 13 17 20

24 hours postdose 16 |15 4 17
Systolic blood pressure
__predose 150 152 151 154
__0.5 hours postdose 148 145 129 122%%*
__1 hour postdose 154 137 124%* 117%*
__2 hours postdose 147 136 126* 118**
__3 hours postdose 149 139 126* 119**
__4 hours postdose 150 141 127* 118%*
__6 hours postdose 151 {143 129% 120**
__8 hours postdose 148 152 134 117**

24 hours postdose 144 157 155 147
Mean blood pressure
__predose 98 97 95 98
__0.5 hours postdose 93 92 83 80*
___1 hour postdose 98 85* 83** 77%*
__2 hours postdose 95 89 | 87 78%*
__3 hours postdose 97 94 87 78%*
__4 hours postdose 98 92 87 T5%*
__6 hours postdose 97 92 87 78**
__ 8 hours postdose 93 94 90 77*
__24 hours postdose . 92 101 99 - [ 101
Diastolic blood pressure
__predose 69 69 67 68
-__0.5 hours postdose 65 64 58 57
__1 hour postdose 68 58* 59* 55%%*
__ 2 hours postdose 68 64 65 57
__3 hours postdose 70 170 65 . 56*
__4 hours postdose 70 66 66 53**
__6 hours postdose 69 64’ 66 55%
___8 hours postdose 64 65 66 54*

24 hours postdose 65 71 ‘ 70 76
Heart rate
__predose 77 . 69 70 75
__ 0.5 hours postdose 75 83 84 88
__ I hour postdose 81 79 89 87
__2 hours postdose 84 91 101 926
__3 hours postdose 78 93 93 89

4 hours postdose 77 79 96 81

24




Reviewer: Laurie McLeod-F lynn : NDA No.22206

’

__6 hours postdose 82 78 82 84
__ 8 hours postdose 73 68 91 : 85
24 hours postdose 74 78 74 84
QT interval
__predose 243 222 214 215
__0.5 hours postdose 224 . 205 226 217
___1 hour postdose 218 211 215 227
__ 2 hours postdose 204 205 . 200 223
__3 hours postdose 209 203 203 221
__4 hours postdose 222 215 199 222
__ 6 hours postdose 233 219 216 229
__ 8 hours postdose 224 221 209 223
24 hours postdose 211 218 215 212
QTc
__predose - 274 229 232 224
__0.5 hours postdose 252 230 254 258
__1 hour postdose 254 235 254 262
__2 hours postdose 230 242 254 269
__3 hours postdose 233 251 243 261
__ 4 hours postdose 245 228 249 248
___6 hours postdose 271 247 248 262
__ 8 hours postdose 236 222 248 255
24 hours postdose 234 244 237 238

KMD-3213G did not show any effect on the cardiovascular (dogs) systems after
intravenous injections up to the highest dose of 3 mg/kg. It also did not show any effect
on HERG tail current and myocardial action potential waveform in the papillary muscle
isolated from guinea pigs at concentrations up to 1x10° mol/L.

Effects on action potential parameters in the isolated guinea pig papillary muscle for
KMD-3213 (BO30118, 23 July 2003, GLP). In isolated guinea pig papillary muscle,
action potential was measured using the glass microelectrode method for the metabolite
KMD-3213 (107, 106, and 10°° M). Sotalol (3 x 10° M) was used as a positive control.

N=6 KMD-3213 (M) Sotalol (M)
’ 0 . 10”7 10° 10 3x10°

resting membrane pot. (mV) -93 -95 -95 -93 -95

action potential amp. (mV) 131 132 133 131 132

action pot. durat.(50% repol.)(msec) | 134 136 140* 146* 157*

action pot. durat.(90% repol.)(msec) | 160 161 172* 186* 191*

max. upstroke velocity (V/sec) 217 219 229 216 231

Effect of KMD-3213 on hERG tail current recorded from stably transfected
HEK293 cells (DDZ01007, 18 August 2003, GLP). Using the whole-cell patch-clamp
method, the effects of KMD-3213 (0.1, 0.3, 1, 3, and 10 uM)(N=4 cells)(in 0.1% DMSO)
were recorded with the cell initially clamped at —-80 mV, after stepping the membrane
potential to +20 mV, and then at —50 mV (tail current). E-4031 (100 nM) was used as a
positive control. '
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KMD-3213 (uM) Tail current (% control) Tail current (% control, vehicle corrected)
0.1 84.5+2.9 99.14+3.4

0.3 83.7+3.8 98.2+4.4

1 73.742.7* 86.5+3.1

3 69.3+2.3** 81.3+2.6

10 38.343.7%* 45.0+4.3

Treatment Tail current (% control)

0.1% DMSO 85.2+1.7

E-4031 20.4+6.9

The ICys and ICsg values for KMID-3213 inhibition of hERG tail current were 3.72 and
891 UM, respectively.

Safety pharmacology study of MD127K intravenous administration on the dog
cardiovascular system and respiratory system (4263, 15 August 2003, GLP).
MDI127K (0, 0.3, 1, and 3 mgrkg iv) was administered to conscious dogs (N=4) in which
a cannula for blood pressure measurements was surgically implanted. ECG, blood
pressure, heart rate and respiration rate were measured at 0.25, 0.5, 1, 2, and 4 hours and
oxyhemoglobin saturation, oxygen partial pressure, carbon dioxide partial pressure, and
blood pH were measured at 0.5, 1, 2, and 4 hours. No drug related effects were observed
at any dose tested.

Safety pharmacology studies of MD127K: effects on action potential parameters in
isolated guinea pig papillary muscle (BO30526, 2 September 2003, GLP). In isolated
guinea pig papillary muscle, action potential was measured using the glass
microelectrode method for the metabolite MD127K (1 07,10, and 107 M). Sotalol (3 x
10° M) was used as a positive control. No effect of MD127K at any concentration was
observed on resting membrane potential, action potential amplitude, action potential
duration at 50% or 90% repolarization, or maximal upstroke velocity. The positive
control responded as expected.

Safety pharmacology studies of MD127K: effects of hERG current (BO31159, 24
December 2003, GLP). Using the whole-cell patch-clamp method, the effects of MD-
127K (107, 10°®, and 10°° M)(in 0.1% DMSO) were investigated in HEK293 cells stably
expressing the hERG channel. E-4031 (100 nM) was used as a positive control. No
significant effect of MD-127K was observed at the highest dose tested (10 uM). The
positive control responded as expected. ~

Pulmonary effects: Orally-administered silodosin increased the respiratory rates in
conscious dogs at a dose as low as 2 mg/kg, though it did not show any effect on blood
gas parameters even at the highest dose of 20 mg/kg.

KMD-3213G did not show any effect on the respiratory (dogs) system after intravenous
injections up to the highest dose of 3 mg/kg.
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Safety pharmacology study of KMD-3213 oral administration on the dog
respiratory system (3930, 20 September 2002, GLP). KMD-3213 was administered
orally to male Beagle dogs (N=6) at 0, 0.2, 2, and 20 mg/kg. No effects on
oxyhemoglobin saturation, oxygen partial pressure, carbon dioxide partial pressure, or
blood pH were observed. '

Renal effects: No studies were submitted.

Gastrointestinal effects: No studies were submitted.

Abuse liability: No studies were submitted.

Hormonal effects:

Effects on blood hormone levels in rats (Sprague-Dawley) by oral administration of
KMD-3213 (KMD-TX2002-703E01)(9/4/00).

N=5 Males (mg/kg/day) Females (mg/kg/day)
0 5 15 50 150 [0 5 15 50 150
Prolactin (ng/ml)
__after a single dose 1.82 [2.69 | 106 | 240 |252 [7.92 |21.8 |384 |103 | 191
after 14 days 17.0 1424 1108 463 [299 |7.17 | 154 |369 |78.5 | 206
Progesterone (ng/ml)
__after a single dose - - - - - 465 {267 |2.60 [248 | 1.89
after 14-24 days 2.89 1314 {276 |2.96 |845
Estradiol (pg/ml)
__after a single dose - - - - - 0 0 0 0 0
__after 14-24 days . 0 0 0 0 0
Estrus cycle prolongation
or disappearance - - - - - 0 0 0 3 5

Effects on blood hormone levels in mice (Sle:ICR) by oral administration of KMD-
3213 (KMD-TX2002-704E01)(10/26/00).

N=5 Males (mg/kg/day) Females (mg/kg/day)
0 5 15 50 150 |0 6 20 60 200
Prolactin (ng/ml)
__after a single dose 527 [50.0 (433 |823 [457 [31.4 [409 |904 | 187 | 175
after 14 days 28.1 |46.5 501 |43.5 | 540 |[51.3 | 403 |93.8 | 166 | 238
Estrus cycle prolongation
or disappearance - - - - - 2 1 1 4 5

Investigation of thyroid hypertrophy in rats by repeated oral administration of
KMD-3213 (Study no. 10283). KMD-3213 was administered to rats (Slc:SD, SPF,
10/sex/group) at doses of 0, 150 and 300 mg/kg for 4 weeks.
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N=10 0 mg/kg (veh.) | 150 mg/kg | 300 mg/kg
TSH (ng/ml) 98.84 89.80 69.26
T3 (ng/ml) 2.54 2.50 3.01

T4 (ug/ml) 10.47 10.99 12.13*
Liver weight (g) - 9.48 10.68** 11.37%*
Relative liver weight (g/kg BW) 31.88 36.42%* 40.96**
Thyroid weight (g) 0.018 0.018 0.019
Relative thyroid weight (g/kg BW) 0.59 0.63 0.69
Hypertrophy of thyroid follicular cells 0 . 1 2

Liver microsomal protein content (mg/g liver) 31.7 37.0%* 41.7%*
T4-glucuronosyltransferase activity (pmol/mg prot./min) 7.28 9.29%* 11.40**

2.6.2.5 Phafmacodynamic drug interactions: NA

'APPEARS THIS WAY

ON ORIGINAL
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2.6.3 PHARMACOLOGY TABULATED SUMMARY
List of compounds in pharmacology studies:
él;:re}vmiun Chenvicsl name Chenicel Swuzture Qrizin
851C nEIne
. 1-(-Hylrosy ooyl 5-[RR-I-{(2-2.2.2- Q\ ]
A 1 3 6 ”
i‘gfz' ‘.2')’ uifeorosiexyphenoxy] eyl ammo)prepy]-2,3-ditydro- D . e Drutg sobstenca
oStz 1if-indole-T-carboramide B TN A,
pe)
LTy 3932 1-(3-Fydrosiynropyl}-3-[(2R)-2-({2-{2{2.2, 2-wrifhiorestboxy) d Dibromid
?pj{"?;;’l‘: Phenosy]-ethyt) eminolpropyl]-2, -tydro-1 H-indote7- ™ 9 * am | hydroacid salt of
= catboxamide dibvdrobromide ' RAS H N the Srug substance
MDRT ) . oA -
(showonide | SO G- {T-carbamoyl S-[(2R) 2-(2-2-22.2- oo e LA Sodites salt of
conjugste of wifinoroethory)phenoxy]-ethvl} axing) propyl}-2,3- dikydro- ;’\JI mettbolize
" sz Vi e I 5
silodesin Ns) 1E-jndoi-1-¥}propyl B-D-ghcopyranosid) mronste o,
e
H on
» a
MDI27K o~y .
(ghncuront Potsssizm G- {7 SRR N Wy ~ .
conjugma of ; ; J-ethyl) aminolpeopyl]-2,3- dibydre- o :ﬁmm of
silodosin X, or 1#-indol-1-31}propyl P-D- gincopytenesid) wronate it
DID-NIG) A,
k.
T~

APPEARS THIS WAY
ON ORIGINAL
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. Method of Testing
Type of Study GLP | Test System Administration Facility Study Namber
Primary Pharmacodynamics ; 3 ; :
Receptor binding ctudy of KMD-3213 aad its Mouse-derived - ciceai B \TO005 oo
‘metabolite 3nd optical isomaz No LM{t-) cells #vize Hiscel ED-0005-4 )
Bffects o7 KMD 3213 o4 novadrembimainced L
confraction in the isolated rabbit proszate, urethira and | Ne Rabkirs nviro Kiszai® EMD-0010-A
migore of bladder )
Effects of KMD-3213 or noradrenaline-manced o 0 .
‘contraction in tha isolsted rat thoracic aornta and No Rarz m viire Cissei ¥ DD-0003-4 “
spheen ),
Ef5t of KMD 3713 oo Blood presores, hean roce ) 1 4]
904 phenylepkrine-indacad incresss in wreshrat No Rats Inrrsvenons issel ¥ EMD-0006-A - .
pressure it rats: Infrevencus injecrion (D
Effecrs of KMD-3213 or blond pressaes, beari 1ave B 0
and pherylepbrina-inducad increase fn vreshral No Rats Tkaduodenal Kiszei ¥ FMD-D013-4
SSuTe in rars: Tatredundenst atminterasnr, o
Effact of KMD-3215 on phenyiephrine indnced - e}
Ireress? in urefaraip i rats ~ Parsistency of No Rats Forced orst Kissei © EMDOOZE-S, <
ke effect
Effects on hypogastric narve stmmlation-mauced
fucrease in wethral prasstae md ondload presswme in | Mo Dogs Intravepons Kissei ® XMDO0IS-A
nnesthorized dogs
Effects of EMD-3213 on the change in mod)mmxcs
in sex hormena-fnduced rat benign p Ne Rars Intraverous Kigeei © KnD-11061
hypesplasia miodal
Receptor dinding stady of the metabolie of 3 Mousa-derived o e s )
KMD-3213 (D1270) No LM(c) ¢ells i vitre Eissel D-0008-4,
3 ) "
Stady on bindivg of RMD-3213 and MDI27K to 13t Mo Rats avite [P AL2939.0
al-adrenoreceptors b( 4)
Effects of EMD-3213 and D12 7K o
noradreratine-induced contraction i the isolated me | Mo Rats nvire Kiesei ¥ KWD-11083
proztate
Measurement of plasma and prostatic concenmatons 7 Contimuous intraverous isepi 0 -
afier condnnons injection of KMID-3213 e Rats ijection - Kiscet KMD-11005
Secondsry Phar dynami Y L ;
Binding sredy using radioreceptor 533Y Np Rats, S cells mvimo — AL-1246
Effect of E2D-3213 on the uterus specimen isolared N N i eent ¥ N
from pragman rats No Rats i vimo Kiszei AD-0020-A b ( 4)
- S ; - Fats, ST calls, . .
3Binding study to varions racepters of MD127K Ne CHOX1 edlle in vitro — AL-2233-G
A~ . - " ar Rars, S cells, I
Binding smdy 10 varfons raceptors of KMD-3203 No CHOKI cells invire — AL-2336-G
Safety Pharmsacology
Bffect 0f KMD-3213 on HERG Tail Current . o e n £ -
Recorded from Stably Transfected HEK293 Cails Yes FEK203 calls fuviro —_ DDZO1%7
Safery pharmacology study of KMD-3213 on achon
potenm] in the papillary mauscla isolated from suinea | Ve Guinea pigs invirmro — B0320113 b
e . (4)
Safaty phamacolegy study of EA(D-3213 No Ram, Doze Forced ozt -— 3201
Safety phanzacology smdy of RAD-3213 on ths as ¥
raspiratory system alter orsl sdminismagion i dogs e Dogs Forced asal - 3930
Safaty phemnacelegy stady o MDIZIX om BERG T | o HEK203 calls i viiro —_ BO31150
Safety phannacolozy study of MDI2 7K on acgon
Potental i1 the papillary muscle isolated froms guives | Ves Grines pigs in viire 7 B030526
pizs
Safety pharmacolozy sudy of MD127X on the cenmal Ves . — N b(4)
nervous system afrer inravenous injection in zats e Rars Tntmavencus 4262
Safety phannacology study of MD327K on the
cardiovascular and respirstory systems after Yey Dags Ietravenous e 4263
intraverous injaction in dogs
Pharmacodynamic Drag Intersctions e
WA
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Safety Pharmacology Studies of Silodosin
Organ Spedies / Aethod of Doses (me/ke)” | Gender and Noteworthy Findings - GLP* Study
SBystemns Strain Adminisiration : No. per Number
Group
Centrsl Decreased nroussi leval, decraysed
nevous Ras / Wistoar Forced oral 0.2, 2,20 (mgkz) 10M bedy tarcperarure snd sreimos at No® 3201
system 20 mg/ke growp
No effacz on hemozlobin Oy sanhmarion
Rezpiratory heael - . " and other blood a5 paramersts {0, s am
sysem Dozs /beagle Forced oral 9.2,2,20 (mpkz) M and CO» pastial prescuzes, md blood Tes 3530
. o33
Cardiovasciler Dozzge-dependert decresss in blood
S¥sEn prassure at 02 mekg ard ln:ber and
{inclading Dogs / basgle + Fozced orzl 02, 2,20 {mgikay 5M a ient ncreaszin ¥ rate Mo % 3291
respiratary &t 2 mzikg or hizher dozs .
systena) o affecr onheary rate snd ECG
HERG™ tail HEX293 celis 1107 - 3<167 Inhihiuun of HERG 1ail currant at
cvrreur expressing in vitro (molL) 4 1%10% mol/L er hicher concenmarion Yes | DDZOINOT
- ZIERG charpat {Cemmon rasio 3) ECy, value: 3. 5.51:10% molL
Myocardial 10107 - 1x10° Prolongad APD,, ¥ af 1x107 mol/l
sction Guinea pizs ¢ - Y andA higher concenzration . .
potentia} Hariley T | o wl ™ 3105 moliL: 6.4% Yes | BO301S
waveform ’ s 1x30° molL: 17.1%
*  Aneany of “Yes” xm‘icstes that the sindy mdndﬁ_ a GLP complimnce stazement,

@) Sinzle admin

maless ork

&

t) HERG: Hurwmn ether-i-go-go related pene.
©) 90% repolarization action potential duration,

]

Evalustien avd Licensing Division, Pharmacenrics] and Feod Safaty Burean, MHLW as of June 21, . 2002).

Safety Pharmacology Studies of Glucuronide Conjugate of Silodosin
Test Article: glucuronide conjugate K metabolite of silodosin (referred to as MD127K or KMD-3213G)

Reazon for non-applicabitity: This study was conducted bafore the izsue of *Guidatines for safery phamacology smdies lofification No. 962 Tom

Organ Systems Species/ Alethod of Doses (mz/lkg) » ‘Gender and Noteworthy Findings GLP* Study
Strain Administration No. per Group Number
Cenmal zesvous Inmravezous < -
- b 3 {me M 7 : ,
Syseem Rars / SD injection 93, 1,3 {mgk) SNE No-effact Yoo 4262
No effact ok respitetary rat.
Insvenous lemogiobin O, saneration and
Respivatory system | Dogs J beagle . 'ﬂecliaz: 03, 1,3 {;ghks) 24 ozher tlood gas paramatars (O Ves 4253
e and COs pardal pressures, and
‘blood pH)
Cardiovascniar _ . : e
system (incliding | Dogs/teagle | DEFVENOL | 55 30000 M No effect on blood pressure, Yes 283
infectiva beart rate ad ECG
pespiratory system)
; HERK?203 cells 107 - 15107
o)) 1
HERG “ratt expressing nvitre ¢molLy 5 o affect Yes [ B031250
crment HERG charnet {Comman ratio W)
1107 - 12107
Myocardisl action | Guinea pigs / o P - <
. i n vitro {molLy X4 o effect Yes | Bo30526
potentiel wavafony Hartley (Common ratio 19) >
A Anenry of "Yes' indicares ﬂunne stegy inclndes 8 GLP comphanra statemant.

) Single adrainjsmration imless otkerwise provided.
b) HERG: Humasn ether-5-go-go related gere.

2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

Non-labeled silodosin and "*C-KMD-3213 were used in absorption, distribution,

metabolism and excretion studies in mice, rats, and dogs (ICR mice, Sprague-Dawley

(SD) rats and Beagle dogs). The in vitro metabolism study in monkeys used hepatocytes

from Cynomolgus monkeys. Male animals were selected for the pharmacokinetic studles
and were administered drug orally and intravenously.
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2.6.4.2 Methods of Analysis

Concentrations of silodosin and its metabolites in plasma and tissues were

determined by high performance liquid chromatography (HPLC) fluorescent or

liquid chromatography tandem mass spectrometry (LC/MS/MS) after extraction

from measured samples usinga =~ ——— oran _—— The b(4) :
analytical method was validated for intra-assay and inter-assay reproducibility

and if necessary, specificity, dilution effect, freeze/thaw stability and storage

stability.

‘Radioactivity in samples was determined using a liquid scintillation counter for
studies using "*C-KMD-3213. The ——  method or the method b(4
usinga  4—— "was used as a pre-treatment method, when necessary. : )

In the metabolite determination study using 14C-KMD-3213, the amount of each
metabolite of silodosin was determined using HPLC with a radioactivity detector
and metabolites were measured by liquid chromatography / mass spectrometry

2

(LC/MS).
Analytical Methods and Validation Reports
- Study
bili udy
Soeci Messarement Sampie and Targetof Range s_)f 1L0Q Storage Stability of Samples Site Sfudy Neo.
PSS | U nfethod | Lo AmOUD | rement | CMDmfion | N Storaze Storage
Used (ml) Curve (ngfml) Temp, Period
sitodosin
. y EMD-3241
Mice n“;ﬁf‘e“ca Plasm {0.2) | KMD-3289 50-5600 50 E0°C 13 days Eissai 10235
Y LC EMD-3203
RMD-3205
: KST (36082401
M canca sz
oo | Frsce Flasna® sitodosin 10-16000 10 Bl Bays | __  |xstionoiess
1) 0.5 KST 1141012050
=itodosin 125-1@ 1.25 .
KMD-3241 125160 125 3ldxys 56.5054 b 4)
Mica LCABMS Plasima END-3280 1.35-160 125 -80°C EAD-3295, - 05:593:5u
D393 2.50-160 150 165 days) :
END-3295 2.50-150 230
Res | 1OASSMdS Pl(ag‘j_‘)“" sitodosin 0.1-100 01 20 4waeks Kisset PK10054
sitodosin 1.25-16) 123
EhID-32:+ 1.25-160 1235 18 days 06-3030
Rats LOMSAS Plasma KNMD-3289 1.35.18) 135 -80°C. FRDD3310, — 068931
EMD-3310 250-150 2350 14 days) ¥4
EMD-3203 2.50-160 250
sitodosin
; ! KMD-3361 10236
f’f;‘{‘) Flagesemee | pami(o2) | KMD320 50-5000 0 LG Jweeks | Kissel 10242
& END-3203 : 10208
KD-3205 :
@ e 3A32d, b) Gluowmonids comjuzate of siiodosin. Fassel: Kissal Pharsmcentical Col, L, —‘_:\_

- b(4)
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; le and Range of .
| Mensurement | S3MP Target of e 0 oQ . Stady
Species ) Ity Amonnt . Calibration o Storage Stability of Samples s Sfudy No.
Method Used () Meazurement Curve (agmly (oz'ml) © Site
_ 0076
Rats | Faorescence | o va02) | siindosin 10-16000 10 B0°C 3 moaths Rissat 10081
(IR HPLC 16092
3;‘5 Fh;‘;;g" Plasme {0.9) | sodosin 2.20 2 N N Kissel mil
Raws Flacressenca 130t 0.7 5 ) 3 s i 10209
=) HLC Plasmnz {0.2) BT 30-3000 50 SrC 3 weeks Kissat 10308
Rars | Fhwomsceecs | Flama® S N K51 GRev34TT
pos o1 sitedosin 10-16000 10 20°C Bdays L Ra 10012080
Rabbits | Fluorescenrs . e s _ -
P iy Plasma{0.7) | sitodosin 16-18000 W sO°C Todws Kissai 10516
sitodosin 1.25-160 JES 5
37, oty oy 24 days
EMD-325% 2.50-160 2350 A <
KMD-3280 125160 15 (FMD-3305, 06-8025¢
Dogs LOMENS Plasres EMD-3310 730_1' 5 h g o -&0°C 13 dzys.apd -~ 06-3925
KND-3203 Yaaie P m;g-;szo, 668927
EMD-3205 250165 250 > d)
stodosin 0550 05
Dops | FHOREES | o | mepa 9330 03 ~4°C lmoud | Kissei | EMD-YA7
HPLG
RMD-3289 0110 01
Fluorescenca i sitedosin 0.3-50 035 =20°C. 1 year
Dogs “E?* Plaama¥ () | EMD-3281 0.3-30 03 20°C 1year Kissek PRI00759
RMD-3259 0.1-10 0l 20°C & menths
'T) 2 added. b) Glucraonide conjugate of silodosin, ¢) Only storage stability tast was conducrad.
P
NA--Not spplicable. .
Fissei: Kizsej Phamaceutical Col, Lid.,
Sample and Range of .
.| Measurement Targef of o 1100Q " Stady
Species o s Arnonnt = CaBbration . Storage Stabitity of Samples 4 Study No.
Method Tised {ail) Measarement Crve nganl) (nzimly Site
SBodosin 03100 3
Dogs m“;“;;_‘g“e Pams®{) | Bm2D32401 0330 12 NA NA — | ES113701370
KMD-3280 8.1-10 0.1
sitedasin i
Does | Fia RMD-3241 Lok o 10221
085 OUBSCERCR | prooma (0.2) | KMD-3280 50-5000 0 s0°C (Pweanly | gy 22
a®) HOLC D303 for 10236
KMD-3205 MD-3266)
Dogs | Fluorescenrs ; . s fecor 16008
P phiecn Plasma (0:2) |  siodosin 19-10000 10 E0°C 1 manfh Kissed 10603
Dozs Fluorescenca Plasma® . . . . K1 76976608
- fisys © sitedasin 10-10000 1 -C 83 davs — | RS0
ceon sitodosin 10-15000 I
Doss | Frorscemce | o oty | svmesna 5-600 5 20C 34 &ays ~— | KSI115/594708
a5 LG ENID-3280 2560 2
334 days
. i I sitodosin 10100000z | 16mwe (siledosin ard
Dogs | Fluorescemoe iver” ERD-3241 5.600ng'e Snslg 20°C KMD3280) | e——  ESI1150094708
I WL ag KMD-3189 2500 gz 2Ingie 226 days
{KMD-3242)
T duys
- g o sitodosin 16-16000 gz Woyz (zilodosin and
Dozs Flagmscemo: Kﬁ'-j)‘ KMD-3241 5-600 ngiz snge | atec EMD-3241) —  KSEI15594708
. " 5 KND-328D 2-500rgz 2nzis 27 days
_ (KVID-3259)
T 12dded, b) Glucurozide corjugste of Siibdost, €} Gaty storags SISbitty st was CODIITRAL
—uaey

NA — Mot applicabla.
Kissei: ¥izeei Phamuacentical Co?, id,,
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2.6.4.3 Absorption

Pharmacokinetics: Absorption after a Single Dose

Rats: Dose of Non-Labeled Compound Test Article: Silodosin
In fasting rats given a single oral dose of 0.3, 1 and 3 mg/kg silodosin, the tmax in plasma
was 0.10 - 0.15 hours. The Cmax and AUC increased with increasing dose to 1 mg/kg,
but was not dose proportional at higher levels. In non-fasting rats given a single
intravenous injection of 0.03, 0.1, 0.3 and 1 mg/kg silodosin, the AUC increased with
increasing dose over a range of 0.03 to 0.3 mg/kg. The t;, of silodosin in rats after a
single oral administration or intravenous injection was 1.5 to 2.0 hours and 2.4 to 3.2
hours, respectively. The bioavailability (BA) of silodosin in rats receiving a single oral
administration of 0.3 and 1 mg/kg was about 9%. The CLtot of silodosin in single
intravenous administration of silodosin to rats was 55 to 72 mL/min/kg.

- Nt cafcnlated, Dam represents nyean.

34

Specipsiomany RasD BAsSD
Sex QEFYN= M4 MY
Feoding Fasting Nen-fastng
Vebiclo/dosing fomn °?L;mm°§}ﬁi’fgé§§£“ Phystlogical saiine (déssotved in dilute bydrockloric acid)
Adntmisration merhod Farced oral Forced oral Parced orad Intravenous Travenous Intavenous b
Dose (meks) 0.2 1 3 0.05 0.1 23 1
Sample Plasma Plazmia Plasmy Plasms - Dlasmex Plasma Plazms
g‘;brg‘;":fhmﬁm silodozin Stodos lodosi lodosi silodosin siladosin silodosiz
Assgywathod LCMSMS LCAMBEALS LOMSMS LOXSMS LCAISS LCNMEAS LOBISMS
K parmaters:
Toax (b 0.10=0.04 0.10=0104 013004 - . - - -
Crree (ozml) 93x7] 28734 202.0= 1333 - - - -
AUC. (agh/ml) 6.9=403a) 270%30% 1700=5509 7212 23.1=53. FTSx40 31012343
[ S) - 13% 20049 3214 28=03 238=45 24209
CLsor {mEimink=y - - - 712=112 TFx153 5E6=35 3551+10.1
Vd{Lkg) - - - 11.4=32 83226 63=11 +3%21
BA (%) V4£353 92x17 — - - -~ . -
Snachy No. PEICCSS PKIE0SF
) AUC, (AUC from time 010 the fina] fime point of concantaton na2asusamtent), b) Mean of 2 cszas, &) Mean of 3 casas.
* = Notvcalcalaced.
Dats represents e =5D.
Note: CLtot aud V4 presenrad are resiults afer inavenous injection.
Rats: Dose of Labeled Compound ~ Test Article: Silodosin
Spedies Ra:s'SD EZT) Rats'sD
Sex QMFYN= M5 M3 M3
Feading Fasting Nop-fzering Pasting
0.5% Aquaous schution of methrel 0.5%% Aguecns solusion of nysthyt Dhysiolosical selive (disschved in
Vehicladdosing form celhrlose (désso!:uedi.n dilute cellulose (dissol}red m dhre * ditnts krdsochlaric acid)
hwdrechloric acid) Lyydrachioric 2cd) y
Admivismatien meshod Eorced orat Peeced oral Intravenons
Dos2 (mgikg) i i H
Semple Phemm Tl Plazma
Targes subsemce to be assayed TRA TRA TRA
Aszaymethod 1isc Lsc LSC
VK paremarecs:
To (B9 03 KX =
Crewr (25 Egal) 569 FEN =
AKX, (az =& -hroal) 7188 3170 25641
) 78 03 213
Study M- DRI0152
15C: Liquid scinsillation coumter.
TRA: Total radioactivity.

AdoD siqissoy Isag
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Bioavailability of KMD-3213 in dogs (KMD - YA-8) In fasting dogs receiving a single
oral administration of 0.5 mg/kg silodosin, the plasma concentration reached Cmax
within 1 hour and the ti2 was 2 hours. The BA in dogs after a single oral administration

was about 25% and CLtot was 22.3 mL/min/kg.

Species/siain Dogabezgle Dogsbeagie

Sext QUEFYN= M6 M

Feading Fasting Fasting

Vehicleidosing fornt Fiiled in capsule (poswdan) 2HBr sait of KMD-3213 dissolved in rfipsiofogica] saline

Adminismation meshod Forced ozal Innsvenous

Dos2 (mgks) 03 DS

Sampls . Plasma Dhasniz

Target substance to be assayed silodosin EMD-3241 KN -3789 silodosin EXD-3241 END-3259
Assay method HPLC IPLC EC HOLC HPELC BRLC
PK paremetsrs:

Tey, (he) 0.88=(63 033 £ 063 108 =049 - - -
Crae (ng/ml}) 37358£5693 1272=319 507£108 - - -
A0 (AZAETOEY i 873=2343 3608=906 102=34 3BLS=TLE 16.8+14.2 11.1=40
Tty (Br) 20=03 23+03 14+04 33=23 27=03 21=04
CLzot (mLimin/k) - - - 223243 - ~
Va{LED) = = - 3113 = =
BA (%) 35229 - - - - -
Siudy No. EAD-VAS
a) The undt was cenvered fom mi kg ro mliminks,

b) Theunitwas converted from mi %z to Lkg
¢} silodorin equivaiaet dose, ~: Noz calculzted. ~: Deta repracents nsan = S.D.
Mote: CLor ard Vd preseated ars rasults afier inravenons injecton.

Dogs: "*C-KMD-3213: Absorption, metabolism, and excretion in the dog after single oral
administration (0.5 mg/kg)(KSI 137/013760, 2 August 2000). Test Article: Silodosin

Boecieslstrain Dogshessle

Ado) BJAIssOy Jsaqa

Sex QLTINS 53

Fasing

Feeding
Vehkkla'dosing formn Pitled in <apsule (dissotved in ditme hydrockloric add)
Adprnistration method Farced oral

035

Doz (meks)
Plszma

Sapipla
i RMD-324% EMI-3230

Sabstance to be aszayad (wrget substanca) sitodosin
Assay method HELC LC

13=03. 13=03

T (1)

884070 L0013

Crae (127001 ) !
K] 183=33 33203

AUC:.. (pphwml) 04211
tizz (ar) 2.0=07 13=068 03=01

CLiot (miL/mvkz) =

ELET) -

DA = -
K& 137013760

Soady No.

1SC: Liquid scintilation cowrar, TRA: Toral zadioactvicy

a3 nzEqml.

¥ ngBydrnl.

= Morcalondated, Dats represants mesn = SD. ’ 14
Total excretion of radioactivity in 7 days following a single oral administration of '“C-

KMD-3213 (0.5 mg/kg) to male dogs (results expressed as total % dose)

Sample - Animal no/Sex
M M M Mean = SD , b(4)
Urine — — 2862 = 982
Faeces 6118 + 1106
Cage wash — — - 373 ¢ 033
Total 90.61 89.92 38.07 8933 *+ 1.3

SD  Standard deviation
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Humans: The CLtwt of silodosin was 167 mL/min in humans after continuous intravenous
injection for 4 hours. The BA in fasting humans after a single oral administration of
silodosin was about 32%. The CLtot of silodosin adjusted with the Re value was about
20% of the hepatic blood flow in humans. It was determined that the first-pass effect
occurring in the gastrointestinal tract, as well as the first-pass effect in the liver, affected
the BA of silodosin in humans.

Species Hramsns Hmpans Hhunwus Hanans
Sex QEFR= M/kE A6 MY 246
Teading Fasting MNoa-asting Fasting Fasting Nop-fesing Fasting
A ot , {Preparatien for e N Solution i divute

Vehiclaidosing fomm Capzule Capsule njection » Capenlz Capeata Bydrorhleric acid
o Aty . Trarseonons dep i
Adwiristradion mestid Oral Oesl. infsion 70 po. ‘ P.O.
Dosa fmg) 4 3 2 4 4 8a)
Sample Plasma Plasma Plasma Blasma Plazen Plaema
ﬁmwbemsxjid(mgﬂ flodosi oo s e AN silodosin TRA
Asszy method HPLC EPIC HoLC HILC LOASIMS LsC
PK parematers: .
Tinaz{br) 14=11 2107 40 14=18 23205 217=137
Cenax (az/ml} WOHLISE 33.0+ 108 29279 321x83 205263 230532 ¢)
AUCH-= {ne-lnmi}) 1337578 1220657 069=406 11241359 12152381 3350=406 &)
1172 {i) 47237 50=%48 346=17 37227 87=31 125234
CLzot (mLimin}y - - 1870338 - - -
VaLke} - - 0.8x02 - - =
BALY 22=113 - - - - -
Mean Body weigh: (g} §1.1 502 8.6 701

. o \ 2y EMD3213-
Ssody No. EMD-308 98363 EMD-105 UR012.90

Data represents mean= SD. ESC: Liquid scintiliation counter, TRA: Totl radioactivity, - Not csladared

%) Doze per kg, body welzlw calcalared based on the mean body weight of 6 subjects {701 kx): 0.30 mg/ke, b) Results in non-eldarty subjeces are presented in
ordet for conyparisen with the dare in healthy adnitvolnstesrs, <) nz BqanL, d) ng Eqhrpal

ote: As Sor concentrations fn human plasns, oply results of mezzured corcantrstions of silodosin sre vreoarted. CLict znd Vd presantad are unly resisls
after ineravenous injection. Poramster valnes obtained in the smdy on dose of non-labefad comspound were rovnded off to the nexrest tent.

A study of KMD-3213 metabolites in mice (Slc:ICR) after a single oral
administration (10235). After a single oral dose of silodosin in male and female mice at
doses of 20, 100 and 500 mg/kg for males and 60, 150 and 400 mg/kg for females, the
Tmax of silodosin in plasma occurred within 2.0 hours in both sexes. The AUCo-24 and
Cmax of silodosin and its metabolites increased with increasing doses. The percentage of
the AUCo-24 of silodosin relative to the total AUCo-24 was 50% or more.

KMD-3213 Males (mg/kg) Females (img/kg)

20 100 500 60 150 400
AUC.,4 (ughr/ml) 0.42 6.42 51.68 5.17 12.83 46.81
AUCq.4 (%) 85.7 61.8 58.6 59.1 60.9 59.2
Cmax (ug/ml) 0.17 1.55 6.10 1.36 2.92 7.11
Tmax (hr) 1 0.5 2 0.5 = 0.5 1
KMD-3293 Males (mg/kg) Females (ing/kg)

20 100 500 60 150 400
AUC.,4 (ughr/ml) 0.00 0.66 7.19 0.74 1.26 6.70
AUCq4 (%) 0.0 6.4 8.2 8.5 6.0 8.5
Cmax (ug/mi) 0.00 0.24 1.01 0.17 0.40 0.97
Tmax (hr) - 105 2 0.5 0.5 1
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KMD-3295 Males (mg/kg) Females (mg/kg)

20 100 500 60 150 400
AUC.,4 (ughr/ml) 0.04 1.43 10.54 1.75 2.54 9.60
AUCq,, (%) 8.2 13.8 11.9 20.0 12.0 12.1
Cmax (ug/ml) 0.03 0.31 1.22 0.30 0.59 1.22
Tmax (hr) 1 1 2 0.5 0.5 1
KMD-3241 Males (mg/ke) Females (mg/kg)

20 100 500 60 150 400
AUCy.54 (ughr/ml) 0.01 0.87 10.79 . 0.74 2.68 9.65
AUC,.24 (%) 2.0 8.4 12.2 8.5 12.7 12.2
Cmax (ug/ml) 0.01 0.28 1.14 0.28 0.70 1.33
Tmax (hr) 1 1 2 0.5 0.5 11
KMD-3289 Males (mg/kg) . Females (mg/kg)

20 100 500 60 150 400
AUC,,4 (ughr/ml) : 0.02 1.01 8.02 0.35 1.77 6.31
AUC,4 (%) 4.1 9.7 9.1 4.0 8.4 8.0
Cmax (ug/ml) 0.01 0.24 0.65 0.19 0.37 0.73
Tmax (hr) 1 1 2 0.5 0.5 1

A toxicokinetic study of KMD-3213 in rats (Sprague-Dawley) after a single oral
administration (10216). After a single oral dose of silodosin in male and female rats at
doses of 100, 300 and 600 mg/kg, the plasma concentration of silodosin reached Crax
within 1.0 and 4.0 hours after administration, respectively. The AUCo-24 of silodosin
showed an increase in proportion to the increase in the dose. The increase in AUCo.24 was
slightly smaller in females than in males. The percentage of the AUCo-24 of silodosin was
not less than 70% of the total AUCo-24 of determined substances.

KMD-3213 Males (mg/kg) Females (mg/kg)

100 300 | 600 100 300 600
AUC 4 (ughr/ml) 5.04 13.09 22.23 4.33 9.65 14.83
AUCq.4 (%) 79.7 720 | 714 92.5 82.5 79.6
Cmax (ug/ml) 0.86 1.71 1.68 0.93 1.02 1.05
Tmax (hr) 1 0.5 1 0.5 4 1
KMD-3293 Males (mg/kg) Females (mg/ke)

100 300 600 100 300 600
AUC.54 (ughr/ml) 0.05 0.73 0.88 0.01 0.03 0.08
AUC 24 (%) 0.8 4.0 2.8 0.2 0.3 0.4
Cmax (ug/mi) 0.03 0.09 0.13 0.02 0.02 0.06
Tmax (hr) 0.5 0.5 1 0.5 0.5 . 0.5
KMD- 3295 Males (mg/kg) Females (mg/kg)

100 300 600 100 300 600
AUCq.4 (ughr/mi) 0.01 0.03 0.13 0.00 0.00 0.00
AUC.4 (%) 0.2 . 0.2 04 0.0 0.0 0.0
Cmax (ug/ml) 0.01 0.03 0.06 0.00 0.00 0.00
Tmax (hr) 1 1 1 - - -

37



Reviewer: Laurie Mcleod-Flynn NDA No.22206

KMD-3241 Males (mg/kg) Females (mg/kg)

100 300 600 100 300 600
AUCq, (ughr/ml) 1.02 3.09 5.80 0.30 1.37 2.50
AUC o4 (%) 16.1 17.0 18.6 6.4 11.7 13.4
Cmax (ug/ml) 0.19 0.35 0.36 0.10 0.15 0.15
Tmax (hr) 1 1 2 0.10 0.15 0.15
KMD-3289 Males (mg/kg) Females (ing/kg)

100 300 600 100 300 600
AUC.54 (ughr/ml) 0.20 1.24 2.1 0.04 0.65 1.22
AUCq,4 (%) 3.2 6.8 6.8 0.9 5.6 6.5
Cmax (ug/ml) 0.05 0.09 0.11 0.05 0.08 0.07
Tmax (hr) 1 1 2 1 4 0.5

‘A study of KMD-3213 metabolites in dogs (male Beagle) after a single oral
administration (10211). After a single oral dose of silodosin in male and female dogs at
doses of 100 and 200 mg/kg, the plasma concentration of silodosin reached Cmax within
2.0 hours. The AUCo-24 of silodosin did not show an increase in proportion to the increase
in the dose. The percentage of the AUCo-24 of silodosin was not less than 50% of the total
AUCo-24 of determined substances.

KMD-3213 Males (mg/kg)

100 200
AUCq.4 (ughr/ml) 32.46 39.63
AUC 24 (%) 60.23 53.85
Cmax (ug/ml) 5.47 5.102
Tmax (br) 2 2
KMD-3293 Males (mg/kg)

100 200
AUCg.24 (ughr/ml) 5.22 9.56
AUC,4 (%) 9.69 12.99
Cmax (ug/ml) 0.89 1.78
Tmax (hr) 2 2
KMD- 3295 Males (mg/kg)

100- 200
AUC.;4 (ughr/ml) 1.00 1.52
AUC,.4 (%) 1.86 2.07
Cmax’(ug/ml) 0.20 . 0.41
Tmax (hr) 2 2
KMD-3241 Males (mg/kg)

100 200
AUC,4 (ughr/ml) 10.79 12.90
AUC.54 (%) 20.02 17.53
Cmax (ug/ml) 1.13 1.29
Tmax (hr) 2 2
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KMD-3289 Males (mg/kg)

100 200
AUCq.,4 (ughr/ml) 4.42 9.98
AUCy 4 (%) 8.20 13.56
Cmax (ug/ml) 0.37 0.83
Tmax (hr) 4 2

Rats: Absorption site of '4C-KMD-3213 in male rat (SD) alimentary tract (PK10149).

The purpose of this study was to estimate absorption of KMD-3213 in alimentary tract of
male rats, The radioactivity in plasma was measured after injections of '*C-KMD-3213 1
mg/kg) into isolated gut loop of stomach and intestinal tract (duodenum, jejunum and
ileum) by ligature. The radioactivities of the residual and the tissues in gut loop were
measured. The maximum radioactivity concentrations in plasma after the administration
to ligated stomach, duodenum, jejunum and ileum were 11.6. + 6.8 (at 4 hours after the
administration), 251.0 + 119.6 (at 1 hour after the administration) 275.3 + 65.0 (at 2
hours after administration) and 202.6 + 68.7 ng eq. of KMD-3213/mL (at 1 hour after
administration), respectively. The radioactivity concentrations in plasma after the
injection to ligated duodenum, jejunum and ileum were at the similarly level as each
other. In contrast, the radioactivity concentration in plasma after the administration to
ligated stomach was at very lower level than the others. The dose recovery at 4 hours
after administration to ligated.stomach, duodenum, jejunum and ileum were 91.0 + 7.4,
16.8 £4.9,31.1 + 14.7, and 24.5 + 11.6%, respectively. The results indicated that *°C-
KMD-3213 is widely absorbed in the whole area of intestine of rats, but poorly absorbed
from the stomach.

Species/strain: Rats/SD Sex (MFYN= M3
Feadinz: Fasting Vehicle/dosing formy: 0.5% Aqueous solution of methy] celhulose (dissolved
in dilute hydrochloric acid)

Dosz (mgtkg): i Administration method:  Tnjection into the igated gut Joop
Radionuclide: e Specific radioactivity: 2.3 MBg/ne
Target substance to be TRA Assay method: IsC
assayed:
Study No.: PK19149

Plasma radioactivity level (Dg ZgrmiLy
Time {br} Stomach Drioteoum Tefwm Tewm
0.033 ND. 339264 373174 H1=1c6
[ 17213 133345 W02=313 TW38%33.7
03 39=19 234451342 16762806 15552387
i 51%23 351.0=1195 BLo=721 WR5=437
3 T9=33 3512503 TRI=ED 1960=351
4 11.5=68 2243=1102 8462723 1462417
Gastroiresting] resiunl rere SIG=72 168=43 S BY V) H5=116

Data represents mean = S.D.
1SC: Liquid scinrillation counter.
‘TRA: Total radioactvity.

M.D.: Not datected (below the detection Hmic).
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Pharmacokinetics: Absorption after Repeated Doses

Mice: Multiple Dose Test Article: Silodosin
AUC and Cmax increased in a dose-dependent manner for both silodosin and its

metabolites.
Report Title: Phanracokinetics of KMD 3213 in Mice following 14 Day Administragion in the Diet

Species / Smain: Mouse/CD-1  Duration of Dosing: 14 days Study No. RTI-989 and 07-808¢
Inibal Age: 5.7 weeks Test Article: Sitedosin

Daie of Firet Dose: Not Method of Administration: Oral adminisiration via the diet ~  GLP Conmpliance: Yes

provided

Vehicle / Fornmiation: AIN-93M test diet
Special Features: Blood samples were collected at 6,4, 3, 12, 16, 20 and 24 hours post dose. Samples were analyzed for levels of
test arficle and its metabolites using a validated LC-MS/MS method. The restlfs of the pharmacokinetic analyses of the animal data
are presented in the Aninial Exposure Comparison report. :

Sex | Dese (roglig/day) | AUC, (azrbrimt) | T {BTY ] Conaee (DALY
Stiodosin
Male 0 76 13 17
& 1459 5 157
05 3084 7 303
Female 30 1957 16 )
156 16583 . 13 772
5 26827 i 1727 -
D320
2l 20 7 9 - 3
50 02 B 20
£ 331 12 &7
Femsle ) 353 I 53
15 3034 7 761
Eiz) 5138 © o12
EDID-3241
Sale i) 73 3 2
& 270 6 30
i) 817 ¢ EE)
Feruzle 0 351 16 %
150 j FET 15 168
05 4763 19 305
FMD-II59
Mala 20 £ i3 [
[ 79 1 33
00 1225 17 [l
Femzle () 62 ] 31
3150 391 21 %
0 0518 3 52
ED-320%
Mals 20 70 1 j ] [
[ 363 H )
300 723 1 3
Temale &0 o 3 103
150 4020 7 735
5] (5 16 365

Rats: Multiple Dose  Test Article: Silodosin

AUC and Crmax increased in a dose-dependent manner for both silodosin and its
metabolites.
Report Title: Pharmacckinetics of KMD 3213 in Rats Following 14-Day Adminisiration in Diet

Species ¢ Stain: Rats/Sprague Duration of Dosing: 14 dayz Study No. RTI-988 and 07-2088
Dawley

nitial Age: 7-12 weeks , Test Article: Silodosin

Date of Fizst Dose: March 14,  Method of Adminisiration: Oral adruinistration via the dist  GLP Comphiance: Yes

2007 :

Vehicle/ Fornmilation:  —=—_ fab diet

Spacial Features: Blood samples were collected at 0, 4, 8, 12, 16, 20 and 24 hours post dose. Samples were anabyzed for the levels
of test article and metabolites using a validated LC-MS/MS method. The results of the pharmacclanetic analyses of the animal data
are presented in the Animal Exposure Comparison report.
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Sex | Dose(mpigiday) | AUCy, (azhrim1) N Touae (b1 | Cuuy (DMLY
Sijodosin
e s 203 ) pE)
56 ) 0 S
150 2537 17 8
Temale {5 163 16 iE]
& 1104 2 106
=0 3078 3 352
EAD 3241
EXE) 15 3% 7
= 107 T3 %
15 17 33 155
Femz 1z 33 15 3
0 53 7 Eid
0 503 iy [
EMD3789
T 13 7 7 [
% 5% 13 23
0 a7 B JEES o
Fende 15 3 o o D
B0 277 19 29 g_)._
350 857 33 76 .
EMDR3203 -2
Mala 15 14 4 3 O
% 158 FE] 15 N
150 ) 3 3 o0,
Femzle 15 [ [ [ U'
0 105 31 it )
B0 35 ¥z — ®
RMBI3I0
e 5 6 ) I @)
) V2 1 177 o'
130 5288 % B
Female 15 20 ] 7 o)
50 1600 E7 131 <
50 EGH ] 57

Dogs: Multiple Dose Test Article: Silodosin

AUC and Cmex values were higher in males compared to females for both silodosin and its

metabolites.
Repart Title: Pharmacokinetics of KMD 3213 in Dogs following 14 Day Oral Administration
Species / Strain: DogsBeagle Duration of Dosing: 14 days Study No. RTI-9%7 and

078987
Test Article: Silodosin
GLP Compliance: Yes

Initial Age: Not provided .
Date of First Doser Netprovided  Method of Administration: Oral adiministration (capsales)
Vehicle ¢ Fornmlation: 000 gelatin capzales

Special Features: Blood sanmples were eollected at 0, 4, 8, 12, 16, 20 and 24 hours post dose. Samples were analyzed for levels of
test article and metabolites using a validated LC-MS/AMS method. The results of the pharmacokinatic analyses of the animal dats
are presented in the Aniwal Exposiwe Comparisen report.

Sex | Dosefmgls/day) | AUC,, (nmbriml) | T, (Br) | Cruy (pefmi)
Silodosin

Temsle | £ ] 22065 3 I 3377

Male | 20 | 36977 4 | 5303
KMD-3HI

Temsle | 80 I 7958 4 ] 1023

Mak | () I 13636 [ E] i 1387
EMD-328%

Female | 0 | TR T 3 T (23

Mk | 7] | 13369 | 3 | 1169
KMD-3293

Fenle | [3) [ T L I 155

Mae | 56 | $11 4 i 173
END-3295

Female | &0 | 177 ) I 37

Male | 0 { 33§ 4 | &7
KMD-3310 .

Femuale | ) I 36760 3 T 5017

Mak | 0 | 74911 | 4 | 6547
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Humans: Multiple Dose Test Article: Silodosin
In healthy male human volunteers given a single oral administration of 8 mg of He.
KMD-3213, KMD-3213G and KMD-3293 were mainly detected in plasma, along with

silodosin
Report Title: An Investigation of the Exposure of Silodosin and Metabolites XMD-3213G, KMID-3293, KMD-3293, and
KMD-3310 after Multiple Doses of Silodosin 8 mg in Healihy Target-Aged Males

Species: Hunans Duration of Dosing: 7 days Study No. SI06004 o]
Initizl Age: Not provided Test Article: Silodosin <D
Date of First Dose: July 8, 2006 Method of Administration: Oral adnviniziration (capsules) GC2 Compliance: Yes 23.
Vehicle { Formmlation: Silodosia Capsules, 4 mg Clinical formulation used in Phase 3 -
Special Features: Blood samples wiere collected at 0, 1,2, 3, 4, 5.6, 8, 10, 12, 18, and 24 howss post dose on Day 7. Sanpples were ©
analyzed for lavels of test article and metabolites using a validated LC-MS/MS method. The resuls of ¢the pharmacokinsfic P
analyses of the animal data are presented in pharmacoldnetic reports 05-8911, 06-8912, and 06-8913. ©n,
Sex |  Dose(mmday) | AUCs e {ombriml ) I - Lo (T} | Cocn (ugfmly g
Silodosin P
Male | [ | 1754 2.6 | 61.6 ‘D
IMD-3213G O
Male | g | 16603 53 I 102.3
EMD-3203 @)
Male | 5 ] 3750 I 1 j 3 e}
KMD-3205 <
Ml | & I 163 T i3 ] 34
KAD-3310 :
el | 5 | 33 I 35 | 16
* Two silodosin 4 mg czpsules orce daily af teeakfast time for 7 dava )

2.6.4.4 Distribution

Organ Distribution

Rats: Single Dose Test Article: Silodosin
In fasting rats receiving a single oral administration of 1 mg/kg "*C-KMD-3213,
radioactivity was rapidly distributed into the organs and tissues (see Section 2.6.4.4.1).
High concentrations of radioactivity were determined 30 minutes after administration in
the liver, kidneys, and bladder in addition to the intestinal tract. High concentrations of
radioactivity were determined in the liver and kidneys, and comparatively high
concentrations were in the pituitary, the pancreas and the bladder 4 hours after
administration. At 24 hours post-dose, the highest concentration of radioactivity was
determined in the liver and the second highest concentration was in the pituitary. The
radioactive concentrations decreased with time in most of the organs and tissues. Higher
radioactivity was determined in the liver and the kidneys than in the other organs and
tissues 168 hours after administration. Radioactivity disappeared more rapidly from
plasma compared to other organs and tissues, and at 168 hours after administration,
radioactivity was below the detection level in plasma. In the prostate, concentrations of
radioactivity were as high as the concentrations in plasma, with radioactivity being
detected even 168 hours after administration. In addition, the elimination half-lives of
radioactivity in the testis, brown fat, white fat, skin, and heart were longer than those in
other organs and tissues. Throughout all the time points, radioactive concentrations in the
cerebrum and the cerebellum were lower than those in plasma. The distribution of
silodosin to the central nervous system was low.
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Report Title: Tissuz Distdbution of Radioacsivity in Rats after Single Oral Adntinistrstion of “C-EMD-3213
Speciasistraim Rats/SD Sax MTN= M3
Peading: Fasting Vebicle/dosing form: 0.5%% Aquaous sohution of methyl cellntose {dissotved in dilure
hydrochtoric acidy
Dose fuske): 1 Administration nethod:  Forced ool sdminésistion
Radiomahide:. e Sperifx radivactivi: 275 MBo'mg
Targer substance 1o be assaved:  TRA Assay matkod: 3G .
Moaaswrement Hma: 05,424, T2 and 168 hr
Study No.: AR 3513-G
Radioaciisily concenlration {ng Eg/g or mlL)
gi‘;f . 5 $hr i 72hr 16 T
s

Contentrssion e Contenration TP Ceacenrstion | T Concentration P Cancenmirien | (day)
Dasta 2642166 | {1.00) 439252 (1.00) 35=1F | QL0 23=01 (100 Mo L6
Hoed ZI=11d | 067 331=45 0 3508 | 0.09 ISZ03 RED) ND. 1
Cerbrum 2325 10.16) 165=13 0.3) ND. — WD - ¥D. -
Cerebeilim 2733 @.10) 165=135 Fao0;) 09=03 .16 07503 w30 ND. 33
Soma 33=13 @13 S2+17 @.18) ND. = WD, = ND. =
Pinzicary 330=180 | (1.35) | 2884=1117 | (638 | 3372367 | (6.13) ND. - ND. N
Eyaball B1=57 10.35) BO=TL 70.39) 18=032 0355 08=04 (055) 00 =01 %)
"‘T"mmd . 20.1=82 036 | 1279=371 | {239 185245 | @336 35¢10 (1.5 37215 30
Thyzoid 320=13 | (155 TI26+210 | (245) XD. = ®D. = ND. -
Trackes 08564 @.38) B35 [GXZ)] ND. = D, . ND- :
Uimebul | 3g2x122 | (49 | 138207 | 0O | 4215 | a5y | 29=0s 026 | 23206 | s0
Tiynms DH=35 @36y 19653 [GrE) 38=09 {0.49) 2803 {129 21=06 73
Heart 4I5x3F | (L6Y) | 1306=256 | (.05 IT=10 039 23505 [ 2603 1
Tung S6.0+372 | (@13 | 1973=3131 | 1330 W2=12 | (185 38=05 Fe5) 316=02 33
Tiver 551.8=2018 | (20:80) | 179164522 | (39.0) | 10562232 | {(15.95) 478203 (078) | 339=82 39
Kidney 193759280 | (739 | S0342373 | (O.10) | 4353 | (250) 71201 FeX)) ¢3=08 | 36
Adrenal 437269 | (166 | 1516392 | (30 84233 116) ¥D. = ND. -
Spieen F78xB35 | (14) | 1E33=137 | 240 SE=1% 33 15205 (L)) 31=03 35
Bancreas 5522330 | @09 | 3327=1408 | (1257 55=10 {056 F0%05 125) 27=03 70
White Tt 6230 ©.20) 230E97 [CEEN 12=03 ©33) 16=035 XD 14=02 17
Brownfat | 2/9%165 | (1.06) | 1750=8%8 | GID 6=11 020 IE=0F [FXJ) 30=13 3
:S;‘:J 122273 046 | #5=101 | 09N 18=03 {033) 13203 {0.28) 1804 -
Skin 122564 [CER) EXATYA) 30 54=02 {033y 30=03 30 386=06 13
Beae
oy 611 | O8) | 521283 | A8y 91=28 Q49 3206 {1.33) ND. 18
Artery 12226738 | @5 123530 [GE7)) ND. = 33L13 TEEL)) 58=07 -
’;;‘;Ph HE=IE3 | (170 | 1326=30F | (239) 49=14 ©.59) 33203 (1.09) 21207 54
Teis 1918 ©1 15233 {0.36) ENFYES {0.35) 1503 .35 3704 3
Epididynds || 70=46 ©27 T2=59 {633 G2=11 {LiD) 73=03 {1.00) 19=05 39
Prostate 712203 | (183) | D6=129 | {1.0%) 30%15 70.5T) 2503 {L.09) 1I£02 33
d”_f‘“‘ 10.0+64 ®38%) | 327x124 | {07) 73503 (1.33) 36=02 {L57) 26=08 14
Bladder W6=406 | (349 | 35I5=346 | (779 7534 {1.36) ND. = ND. z

3 E]

Stanach 2]’25{,* RN | 27802040 | (606) | 64212 | (136 | 23202 127 | 20203 55
Small SETT9= . EFEEY | sa3zg1 o 1o 5 -
Tntastine 23102 (223.38) #0515 Qo023 | 243=831 | @4 38212 2.09) 20207 18
ff?im 262113 | ¥ | 3227=1609 | @03 | 530270 | (78D 36208 157 2302 1.6
Dan reprecenrs masn = SD., LSC: Liquid scineillsrion cowarer, TRA: Toral rzdioacavity, 2.D.: Not daracted (below the datection Hmit),

- Corld not be calcufatad, TiP: Rario of tissue'plasim redioncriviry conzentrarions.
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Percentage distribution of radioactivity in blood cell after a single oral administration of
"C-KMD-3213 to fasting male rats (1 mg/kg)

time Hematocrit value (%) Ratio of radioactivity (%)
30 min. 42 11.0
4 hr 42 19.3
24 hr 41 13.5
72 hr 40 45.1
168 hr 41 NC
Data are expressed as the mean values £ 5.1, of thrée anunals.

N.C. : Not calculated

Rats: Repeated Dose Tests Article: Silodosin

In non-fasting rats given repeat oral administrations of MC.KMD-3213 at 1 mg/kg once
daily for 21 days, high concentrations of radioactivity were distributed in the liver,
followed by the kidneys, pituitary, and skin.

Report Title: ‘Téssne Distrfomrion of Radioacivity During and aftsr Repasted Administration of *C-EMD-3213 in Msle Rass
Species/strain: Rats’8D Sex (MTNNE=: M3 -
Fesding Nop-fazing Vebicla/dosing fom: 0.5% Aqueons selution of metiwvicellntose (dissolved tn ditie
. hydrechloric acid)
Dpse (meheday): 1 Adminishation methed:  Fazced orsl
Radiomuclide: 14C Spacific mdioactivity: 1.35 M3qinz
Targes subsmnce 1o be asseyed: TR, Asssy methnd: isc
Msangemeant tnys: Days 1. 3,7, 14 ond 21 - 3avd 7 days afier 2-time doses (Days 24 and 28, respactively)
Singdy Wo.: EMDPEM501
Radioactivity conceniration (og Eq/g or mLy .

Orsans snd T :
tissnes Day i Day3 Day? Day ¥4

Concentratior P Concenradon . Concentrasion P Cencanmation /P
Plasira 164x37 {1.00) 232=51 {1.00} 22425 £1.00) 35137 {150
Blood 13.1%23 {0.20) 206=55 {03n % {1.10) - 2BEx5] Q.15%
Cerebram 12£13 0.05) 2307 (0.10y 37=07 {0.13) 78=18 {030
Cersbellum 10=00 £0.08) 35213 0.19 32217 {0.15) J4=16 {0.38)
Spinat cond MD. - 39=x11 017 39£13 {0:20) FEEY EY 033
Bindzary ND. - 488325 [e BV} EEESET] {1.58) 6822391 {2.79)
Eyeball 18=07 [GXE) 27207 10.20) 66=12 023 Wiz22 {0.356)
Thyroid 166= 132 a6y D, = 190171 .65 73336 [OXT)
Tracken ND. - 112=04 {0.48) 210=20 0.7 31844 (129
z‘:’n?'“""y 63205 .41 120=34 (0.58) 188=16 ©.58 389203 £1.55)
Thynms 542290 {033 350378 {151} 18.0=13 0.6 B1=25 156}
Heart 52=13 033 05+18 (0.42) 153206 {037} 327+309 {i31
Ipng 13.5=09 082} 216=60 {0.93) WT=22 10.91) 27=32 {2.1%}
Liver 1115143 {6.81) 16712376 {72 288232 (7.82) 424021560 {1691}
Kidney 172x31 1.05) 08=34 (1.29) 412=09 {1.81) 130.5£84 .01}
Agdrenal 4040 {0.835) 184130 {0.79; BE=37T {0.53) - 436203 {1.33)
Spleen 9.1=26 {0.56) 138239 {0.60} {072} EXERS] 1.59)
Panereas 9.8=2. {0.35) 13.0=3.6 {0.56} 0.H) $1.8=33 {187
White faz 43=37 {0.26) 53£15 {0.23) 107252 {0:36) 36213 .26)
Brown far n1=23 -£0.62) 124=20 0.5 236=29 {0.31) 18970 (195)
Skelesal amscla 29=06 {0.18) 53:09 {0.25) 112=05 {0.40) 24618 {0.98)
i 3I=16 WA, 157=26 0.63y FI4=ED 093 555=105 @35
Bope nizmmow WI£56 10.63) G110 [GEE3) 5E=13 0.83) B3=60 a.75)
Bane 91+33 £0.56) 61x56 {0.28) 137224 (047 552+486 {2200
Lytmph noda ND. = 03=11 035 135=09 {0.35) 356263 39
Testic 1=21 [GEY)) T43=13 o) F0=35 1095 I61=20 [e5:2))
EniGavmis 31=07 031 95207 0.5) G0=16 [OXEES) W33 a8
Prosace €I=13 {63%) 107219 0.36) Ho=33 {050 2768 a30)
Vas deferens T4=12 0.5} 156=34% 0.57 18.5=0.6 (0.66) 324432 (1293
Bladder 135=13%8 {0L93) 153=48 JOX75) 215=32 {0.73) 339=263 (2.35)
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Organs and Radioactivity concentration (ngEq/g or mL)
Tissues Day 21 Day 24 Day 28
Concentration | T/P Concentration | T/P Concentration l T/P

Thasma FREETA] {2.00) 123=42 (105) 59203 )
Bloed 62%43 {1.35) BA=58 210 26543 @35
Cersbram 100=03% [5) 101219 {03T) 55=10 a5
Cerebelhen 133228 059 129=256 (1.03) ] 118=19 @013
Spénat comd T3=50 oD 33=13 059 ¥ [{BED
Titudrary E1=278 G2 3 [FET)) ND. =
Epeball 178=10 @75 {131y F=138 (G2
Throid 32=199 278 [€3235) 30573 G20)
Tracken WIZ67 {59 [RE) 0.1=69 G1D

lfary 235=53 E9n [EN) TA=37 G5 (s ]
gland - 0
Thymus 318=6.8 {133) (231) 169=21 2.8%) A
Feort T3] [X:5)) . (2-65) 29033 (.10} bl
Tung 3392635 [eXi)) WH=0< GI9 W5=31 G20 5
Liver 6375=117.8 (e 7)) 2820644 2250 23711718 (G£20) O
Riduey 55=66 {.30) BI=49 (745 7a3=121 {169 g,’
Adrenal 385%31 13y F25=14% (39 T 350273 GI% =
Spleen HI=18 [FRE>) 363=74 [RX) Ba=23 [CEED) Q
Dancreas BI+14 20D 312=60 [FED) 264%27 @Sy (6]
White a7 B39E42 [iRE)) BE=79 [{5) 169=30 239
Brown Bt F3=190 anm) S62=86 (73] 381=38 [CE1N) O
Skelecal nmscla 309=59 .35 266%59 12 32293 3.95) o}
Sk B16=15.6 G5n TI=156 GED FH=128 [EXETY e
Bote manow S1E8=71 Q7 EERES 4 (X)) 0E=43 G357 ~
Bona $B4282 asn i5+126 2.19) 125=13 2.13)
Tymph noda POZ50 15y TBAE62 7ED) 03207 A35
Tests WA=ES 5 358+353 [EES) 313=106 G2y
Epidicymis 362356 [53)) 039 208 300=04¢ (53]
Proseare 36.0=26 0 RA=26 a7 126=06 @20y
Vas deferens RO=02 .65 35.1=68 [l 1595123 @.63)
Padder PVI=2S [ 3135233 [EX3T) Tii=23 [EXi33Y
Dais represent: mean = S.D., T/F: Rarto of Hissneiplasma radioadiivity concentations.

Note: Cancenations in the gastointestnal tract are pee Ziven in the table since ey were meosured inclnding the comiear.

APPEARS THIS way
N ORIGINAL

Pharmacokinetics: Plasma Protein Binding Test Article: Silodosin

The binding ratio of silodosin to plasma proteins was highest in humans at 94.6 to 95.8%,
whereas it was 80% in rats and dogs. The binding ratios of the glucuronide conjugate of
silodosin (KMD-3213G) and KMD-3293, the major metabolites in humans, were 91.2 to
92.0% and 90.2 to 91.9%, respectively. al-Acid glycoprotein was considered to be the
major binding protein for KMD-3293, MD127 and for KMD-3213.
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Species Sample Substance to be T‘“;‘;‘;‘;‘“"” B’Mggm‘ Study Mo.
R Plasma PCEMD-3213 100 - 560 790-314 BE10153
Dozs Thsna MCRAD-3215 160 - 560 %01-816
Ty Tlasms WO RRD-3013 100 - 500 48-55¢
Homsrs Alburein PCEMD-3213 300 - 300 347-354
Fmens y-Glabuln PC-RMD-3213 100- 560 16-74
Fimuses ay-Acid glycaprotain FICEMD-3213 100- 560 943 -850
Rass Dl FID-3213G 7 60, 00 71.3,67.5 DMPRI003-G053
Tozs Slasoa KRIDSI6GY 70, S0 393,038
FRumses Phasma KD 3313G Y 360, 500 930,913
Hunees Albumin D336 30, 360 338,357
Bumans ¥-Globulin FD3313GY 300, 500 304, 11.7
USRS ay-Acid shycoprotein EAER32GY 209, 300 833,859
Tramars Blasma KD-5203 360, 500 519,90.2 DMPR2703-0033
Humzps ATbumin KMD-3203 260, 500 238,311
Bmens +Glgbekin D30 70, 500 72,39
Fmans ay-Accd glycoprotain RMD-3203 260, 30D 921,921

Tast syzzem and methods: F1 vizro test (ulraBloation mathed).
Measurercont meshods: TRA. - rota! radioaciivity (L5C - liquid sciniliation counrer) snd fuerescance HPLC.
Diata represents mesn of 3 cases,

1) Glne

conjuzate of sifedosi

Pharmacokinetics: Other Distribution Studies

Distribution in Blood Cells

Test Article: Silodosin

The blood cell association of silodosin was about 30 to 60% of the administered dose in
rat and dog blood, whereas it was not greater than 5% in humans.

Tost systemy: Jn viiro test

Massurament systant and method: TR - totsl radiozctivisy (LSC - Hquid scindllaton caunter)

AdOD 2|aissod 1seg

Substance to be

Species Measmred Test conceniralion Transition rate Rs Study No.
(agfml) @5y
Rats "CRMD-3215 20 93 BT PE10151
100 40.7 11t
200 481 107
Dozs TCEND-2213 10 295,570 0.865,1.10 X511 137013760
40 315,580 0810, 1.15
100 25,575 0.865, 1.10
Humans CED-3213 24 22 051 DPEiDC9]
’ 121 37 .35

Resnirs in rars and bumans present mean of 3 cases, while those in degs prezent mean of 2 cazes.

A four week oral capsule study in Beagle dogs to investigate the extent of liver and
kidney accumulation and pharmacokinetics of KMD-3213 and metabolites KMD-
3241 and KMD-3289 following repeat doses of KMD-3213 at 25 mg/kg/day (KSI

115/994798, September, 2000, GLP)

Blood samples were taken on Days 1, 14, 21 and 28 following daily oral administration

of KMD-3213 to male dogs at a dose level of 25 mg/kg/day for 4 weeks. Plasma
concentrations of KMD-3213, and the metabolites KMD-3241 and KMD-3289, in

samples taken up to 24 hours post-dose were measured by a validated high performance
liquid chromatographic (HPLC) method. Samples of liver and kidney tissue were taken
from animals on Days 1, 14, 21 and 28 after the 24 hour blood samples had been taken,
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and the concentrations of KMD-3213, KMD-3241 and KMD-3289 were also measured
by validated HPLC methods.

The mean Cpax and AUC,, values for KMD-3213, KMD-3241 and KMD-3289 in plasma
are summarized below with standard deviations in
parentheses:

C... (ag/ml) AUGC,, (nghiml)
Analyte Dayl Dayld4 Day2l Day2s Dayl Dayld Day2l Day2s

KMD-3213  1480.70 270253 269853 228219 6087 11069 8957 11417 .
(663.94) (911.94) (1116.58) (78590) (1953) (2872) (3114)  (5897)

KMD-3241 46724 528.67  663.09 529.60 1907 2060 3326 3527
: (217.15) (15576) (241.47) (12459)  (733)  (1003) (1320)  (1935)

KMD-3285 7128 33637 40230  308.70 365 1808 2126 2073
(32.10) (140.53) {199.77) (75.83) (148} (543) (549) (950)

The terminal half-lives of KMD-3213, KMD-3241 and KMD-3289 on Days 1, 14, 21 and
28 were similar, and in the range 1.3 to 4.9 hours.

The mean metabolite ratios for KMD-3241 and KMD-3289 are summarized below:
KNMD-3241 KMD-3289

Day } 0.308 0.068
Day 14 0.262 0,183
Day 21 0.367 . 0.263
Day 28 0306 0.214

There was little or no evidence of accumulation of KMD-3213 or KMD-3241 in liver and
kidney tissue (accumulation ratios <2), however, KMD-3289 concentrations in liver and
kidney were higher after repeated oral doses of KMD-3213 than after a single dose, and
were similar on Days 21 and 28 indicating that steady-state had been attained by Day 21.

The determination by whole body autoradiography of the qualitative tissue
distribution of radioactivity in male and pregnant female rats after a single oral
administration.

The qualitative tissue distribution of radioactivity was investigated in male and pregnant
female rats (Sprague—Dawley CD strain) by whole-body autoradiography, following a
single oral administration of "*C-KMD-3213 at a dose level of 1 mg/kg.

During the 24 hours after single oral doses of '*C-KMD-3213 to male rats (vizat0.5,4 or
24 hours post-dose), highest concentrations of radioactivity were found in the
gastrointestinal tract contents and urinary bladder, while medium levels were generally
associated with the liver, pituitary, preputial gland, prostate and urethra. Lowest levels of
radioactivity were detected in many other tissues, including the adrenal gland, blood,
exorbital and intra-orbital lacrimal glands, Harderian gland, kidney, lung, myocardium,
pancreas, salivary gland, spleen, thyroid and uveal tract, but not in the brain, eye or spinal
cord. :
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At 48 and 72 hours post-administration, concentrations of radioactivity in all tissues had
declined considerably, such that none contained relatively high levels, and only the
gastrointestinal tract, liver, pituitary and preputial gland contained medium levels at the
former time and only liver at the latter time. The only other tissue associated with
radioactivity (at low levels) at both of these times was the kidney. '

During the 24 hours after single oral doses of *C-KMD-3213 to pregnant female rats (viz
at 0.5, 4 or 24 hours post-dose), highest concentrations of radioactivity were present in
the gastrointestinal tract contents and urinary bladder (as was also the case for male rats).
In pregnant female rats, however, medium levels were generally associated with a larger
number of tissues, viz the exorbital and intra-orbital lacrimal glands, fat, kidney,
Harderian gland, liver, pituitary, preputial gland, salivary gland, uterus wall and uveal
tract. Lowest levels of radioactivity were detected in the adrenal glands, bone marrow,
lung, myocardium, ovary, pancreas, placenta and spleen, but none was detected in the
brain, eye, spinal cord or fetuses. By 48 hours after dosing, concentrations of
radioactivity in all tissues had declined considerably, such that none contained relatively
high levels. Medium levels were present in the gastrointestinal tract, kidney, liver,
preputial gland and uterus wall, and low levels were detected in the exorbital and intra-
orbital lacrimal glands, fat, Harderian gland, pituitary, placenta, salivary gland, small
intestine contents and uveal tract.

In summary, radioactivity was rapidly and widely distributed throughout the animal
body, although highest tissue concentrations were largely confined to the gastrointestinal
tract and urinary bladder, i.e. the principal excretory organs. Medium levels of
radioactivity were generally present in liver and certain glandular tissues, but only low
levels were found in the brain and spinal cord of both sexes and in the fetuses of pregnant
females, thereby demonstrating that the drug did not readily penetrate the blood-brain
barrier or undergo appreciable transplacental transfer in rats.

Qualitative tissue distribution of radioactivity by whole-body autoradiography following
a single oral dose of *C-KMD-3213 (1 mg/kg) to male rats -

APPEARS THIS way
ON ORIGINAL
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Timo of sacrifice Lovel of radicactivil Tissue/organ

High pesoghagug stomack and small
inicsiine contents

30 minutes ‘Medium Liver; prostate; vrinary bladder
] “Adrenal gland; biood, kidney,
Low lung: myocardivn, pitubiary;
salivary ﬂ_and; ‘sploen; urehm
Oesophagus, stomach, small
intestine, caccum and Jarge
intestine contents; urinary
bladder

Mediiim Liver; pituitary; uréthrs

4 hours Adrenal gland; exorbital and
intra-orbiral Jacrimal glands;
Harderian gland; kidney; hung;
Low myocardium; pancreas;
pituitary; prepurial gland;
prostate; salivary gland; spleen;
thyroid; uvesl fract

High ‘Csccum conteats

Stomach mucoss; large and
Moediumn small infestine contents; liver;
24 howrs pituitary; preputial gland
Exorbital and intra-orbital
lacrimal glands; Harderian
gland; kidney; salivery giand;
urinsry bladdes; uveal tract
High Nooe

Caecusn and large intestine

48 hours Medium contenis; stomach mucosa;
liver; pituitary; preputial gland
Low Kidoey, small mtesting contents
High None

72 homs Medium Liver

Kidney; large intestine contents;
Low pituitary; preputial gland;
stomach mucosa

High

$50d sod

H
1
»

AGOD G

Qualitative tissue distribution of radioactivity by whole-body autoradiography following
a single oral dose of "*C-KMD-3213 (1 mg/kg) to pregnant rats :

Time of sacrifice Level of radiowctivi Tissue/organ
Swmach and small intestine

High sontents; nucesy
Medum Liver; urethra; winary bladder
‘Adrenat gland; bono marmow;
exotbital and intra-orbita) Iscrimal
30 minutes ghnds; £a; Rarderhan glond;

. Low Kidney; large intesting contents;
lung, myocardium; ovary;
pancreas; pitvitary; preputial gland;
placente; salivary gland; sploen;
yveal tract
High Oesophagus, stomach and small
Intestine contents; urinary bladder
Exorbital and intra-orbital Incrimal
glands; fot; kidey; Harderian
Medlum gland; fiver; pititary; preputiat
4 hours gland; salivary glsad; uterus wall;
yveal rxcr
Adrenal gland; bone marrow; ing:
large intestine contents;
myocardium; ovasy; pancreas;
placents; spleen
High Caccum cortems
Stomach micoss; larpe intestine
and small intestine contents;
extrbital and intrs-osdital lxximal
giands; Harderian gland; liver;
preputial gland; uterus wall; uveal
wact
Fat; \ddney; lang myocardiom;
Low ovary, pituitary; placenta; salivary
gland; spleen; urinary bladder
High None
Swmach and large intestine
Medium contents; kidaey; liver; prepurial
48 bours gland; wterns wall
Exorbital and intra~orbitel lacrimal
Low glands; fat; Harderian gland;
pitoitary; plscenta; salivary gland;
smal) intestine contents; uveal ract

Low

28 hours Medium
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2.6.4.5 Metabolism

Pharmacokinetics: Metabolism In Vivo
In vitro metabolism studies using rat, dog, and human hepatocytes showed that a
glucuronide conjugate of silodosin (KMD-3213G) and a metabolite in which the
alcoholic hydroxy group was oxidized (KMD-3293) were mainly synthesized in
hepatocytes and are the major metabolites in humans. KMD-3293 was also synthesized in

Test Article: Silodosin & Metabolites

rat and dog hepatocytes, but KMD-3213G was not seen in rat or dog hepatocytes.
Speciesisirain Rats!SD DogsBeagla Huarmans
Sex QAEYN= M3 M2 1 X13
Peading: Fasting Fasting Fasting
Vehiela/dosing form: 0.5% Acmrecus solntics of methyl Capsule Dissolved in dilufe hydrochlonic
caltuloss {dissotved in dilrte {dissolved in difure hydrochloric zoid)  acid
hydrochloric aeid)
Admmisiraiion method  Forced oml Oral Oral
Dose (mgikz): 03 -mgbody
Redwonnclide: ke c He
Specifie radioactivity: 249 MBy/mg 146 MBg/mg 0.46 MBqimg
Messbolite In Sempls %) Siudy No.
e | Saupl | Sl | - - D | KD
Species | TV | timzer | v | vD- | D | 2D | ovD- | kv | BB | oD 36 | ne
pesiod | 3213 3241 3250 3289 3303 3205 3200 B0 | 5 o
Rak  Olsma| 03 43 ND. [ ND. | ND. | ND. | ND. | BD. | =7 [ ©D. = DRI100
4 115 | ND. | ND | ND. | ND | ND. | ND. | 399 | no. -
Utoe | 0-2¢ | 128 a7 | ND. 13 D 10 ND. | 378 | ND. -
2.6} QL | MDDy | ©3) | ®D) | 0 | XDy | @8 | MDY -
Fares | 0-24 | 127 02 316 | ND. | ND. 9.1 95 ¥D. | KD -
{&6) 63) | L) | (D) | BID) | 5 (65 | D) | D) -
Bie | 0.2¢ | 23 66 259 08 28 1 38 190 XD, -
. {LY) @6 | (182 | () 20 | 113 | @5 13 | ®D) -
iwer | 03 14 14 233 | ND. | MD. 29 50 215 37 -
K 40 38 204 25 21 62 60 73 69 -
— " Metaholite in sample (25} Stud o,
Species | Semple | tmeor | RMD- | RMD- | KMD- | RMD- | BMD- | K0D- | Ko o | DD om
: peiod | 3n3 | 3241 | 3250 | 39 | 303 | 3395 | 3ee | s3ie [ 323G [pgge
Fars ey | 05 i3 09 ND. X ND. | BD. | ND. | ®3 [ ND. = 0055
4 27 | 107 | ¥MD | ND. | Mp. | nD | np. | s1s | wmo. -
Prostata | 65 267 | ND. | ND. | ND. | ND. | ND. | nD. | 356 | xD. -
4 323 85 | ND. | ND. | ND. | Np. | 0. | 307 | xD. -
Dogs  Phsms | 925 181 33 - ND. | ND. | ND. - 71 | N - 13‘.‘.’;(%760
a5 13.4 L2 - ND. | ¥D. | nD. - s1.9 | o -~
1 10.1 L6 - ND. 03 0.3 - 41 | ND. -
15 69 L3 ~ MD. 05 93 - 844 | ND -
2 L& 00 - ND. | ND. | nND. - 5.8 | ND -
3 t6 a4 - ND. | D, | wo. - 9 | ND. -
4 0.5 ND. - MD, | ¥p. | mD. - 953 | nD. -
6 51 23 - ND. | ND. | ND - %8 | wD. -
2 45 28 - ¥D. | MD. | ND. - 03 | xo. -
33 26 | ND. - ND. | ND. | nD. - &6 | ND. -
24 ND, | MD. - ND. | ND. | ND. - 527 | ND. -
Udge | 0-29 | 21 ND. - ND. 05 04 - 815 | xp. -
©3% | D) (] ND) | (010} | (0.06) =) (1851) | ND) -
Feces | 0-24 | 100 54 - ND. | w1 | 243 - 14 5.7 -
371 | (228 [} ®D) | (12380 | (10.12) ©) {0.62) | (236) -
24-48 | 65 13 - ND. | 31 | 33 - 27 56 -
(134 | (023) (% D) | 538 | 3.59) ) 0.20) | 063) -
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) Results obtzined froes fices collected 611 the fimea pofnt waen than 843%
FO4D-3293 (which was zenerared fiom

EMD-3241.

Fgnres in parentlesis procent e results of conversion from the
= Nt messurad, MD.: Not

thosz usad In nsesswreicant ave nof given in the abeve mbls.

percentaze of a:metabolite i tha camsple into the excreton rate.
Gatectzd (below tha desection limiz)
Nose: Substances were identified by compariog tha Tetention tivie of

o nsore of radipactiviiy adwinisterad was recovered, ) Inclndipy ——  Jf
EMD-3203 in the process of extracsion), ¢ Glucmyonide cogjugste of sladostn, 4) Gitcuroaids confugste or

synthesizad metdbotizes on HPLL. The percenrages of unknown metbolites atber than
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Sample Metstolite i sample (36) . Study No.
Species | Sample | timzer | @D | ®vD- | vD- | VD | BMD- | - ro | oo | B2 I on
pedod | 3n3 4 a1 | 3250 | 3090 | 3w3 | 395 | 300 | 3310 | 36 [gagge
Humans Plson | 025 | 6807 | 53¢ | ND | o | 700% | wp | wp. | 73 | e | mD 1\.3%32;03-
o3 6954 | 478 | ND. | NB. J14® | ND. | ND | 1240 | o045 | D
1 418 | 27 | MDD 133 [ 2316% | 2350 | ND. 213 220 167
15 293 | 3859 ND. 125 | 2038% [ 405 | ND. 680 | 1245 | 347
2 3126 | 326 | ND. 032 |3im® | 243 | nND. 655 | 1343 | 312
3 4033 | 414 | MD. 290 |2065%| 239 | nD 321 | 114 | 1465
4 25,22 211 ND. 064 | 3298% | 37% ND. 179 22.64 373
¢ 658 | 193 MD. 083 |4126%| 333 | nD. 2318 | 2145 | ew
2 1026 | 087 | ND. 070 | 4100® 1 615 | N 8Os | 2055.| 617
0 iM% | 157 | ND. | ND. | 3e95% | 333 | nND. 141 | 3280 | 639
12 493 0.73 ND. | ND. |3:m®| 353 | no L66 | 2380 | 447
Trine | 848 { 1077 | 152 | ND. 060 |2036% | 240 | ND. | 1892 | 738 1
G55 | 053) | @D | 02 [ oMY | @) | AND) | (650 | @ | o
Faces | 0-r% | 2800 | 1080 | ND. 190 | 4626% | 970 ND. ND. | ND. MD.
{530 | (582 | D) | (165 (25530 329} | D) | ND) | (ND) | ND) b ( 4 )

Pharmacokinetics: Metabolism In Vitro Test Article: Silodosin
The major human glucuronidated metabolite KMD-3213 was minimally produced in
monkey hepatocytes.

Testsystenr Hepatocytes (ozen hepatocytas)

Stredy No. PK1016% PE-D3I-519
Species: Rats Dogs Humanrs Blonkays
Rexction fme: 37°C, %0 37°C W 37°C ¥ 37°C, 2%
Treaunent concenzation” 0.1 namol/L 0.} mmolT 0.1 pemoliL 0.1 mmolL
Daxclide ve "C . HC "
Metabolites Percenmga of metatwlites (Y5

EMD-3213 (sibadosin} 108 253 0y NI
END-3I13G T DINIE) ND. ND. 358 7
KNMD-3203 4R5W 88 425 337
KMD-3310 63 341 33 264
END-3243 6.5 140 ND. ND.
KMD-3289 13 19 11 ND.
EMD-329% [ 3.6 3] 194
END-323) 1.9 o7 ND. 0.3
EWD-3200 ND. ND. ND. NI
Others 151 137 123 165

Data represant mean of 2 cases. N.L).. NotQeecter (below die detection L),
1) Gincaronide conjuzare of siledosin
) Inchuding sn umimonm mustabolite {UE-3).
<} Cyzomolsns mogkeys.
Kore: It was confirmad by resulis of LOOMS that the pank of EMD-3203 fa rass inchuded UE-3 (miz: 576, positive).

See structures below:
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FC. O ° H oo, N 0/\’/H NH,
~ N/\_,.\OH p‘cvo H iy .

N\ COH
KMD-3213 KMD-3293
o
D/.'\Cﬁ H 1
0 NK,
KMD-3310 or® B g TN

. [+
(;Lo,\,n_ "
BE H CH, . .
g .
ey Pt
W .
HO H

H OX o

MD127(KMD-3213-glucuronide) °

FE_O H ok, N
~ il W FE© H oH, -
KMD-3241
KMD-32838
, 9
_ o/\,ﬁ n,
Fe._0 H on, N
°
KMD-3299

Pharmacokinetics: Induction / Inhibition of Drug-Metabolizing Enzymes

Rats were administered repeat oral administrations of silodosin at 1, 10, and 30 mg/kg
once daily for 7 days and then fasted overnight. The liver was removed from the rats and
liver microsomes were prepared from the isolated liver. Drug metabolic enzyme activity
was determined using the liver microsomes. The amount of cytochrome P-450 increased
in the rats receiving repeat oral administration of 10 and 30 mg/kg daily compared to the
negative control group. The aniline 4-hydroxy enzyme activity decreased only in those
rats given 10 mg/kg daily compared to rats in the negative control group with 0.83 times
the activity of the negative control. The uridine diphosphate glucurony! transferase
(UDP-GT) activity significantly decreased in rats receiving 1 mg/kg daily compared to
rats in the negative control group with a 0.78-fold difference. There were no differences
in the amount of liver microsome protein, the amount of cytochrome bs, aminopyrine N-
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dimethyl enzyme activity, 7-ethoxy cumarine O-deethylase enzyme activity, or
glutathione S-transferase activity between silodosin-treated rats and control rats. From

these results, rats receiving a dose that is 100-fold higher than the pharmacological dose
(0.1 mg/kg) had a statistically greater increase in the amount of cytochrome P-450
compared to the control group, with an increasing rate of about 20%.

Test Arficle: Siledozin

Study type: Rat matabolizing enwyme induction test
Spetissfzirain: Rats'SD, Sax (M/F)N= M/8

Feading: Non-fasting.

Drug adwinistared: silodosin {(KMD-3213) phenobarbital ¥ fpositive control)

Doce (mgkerday): 1,10, 35 80

Vekicle: 0.5% Aqueous sohstion of mathyt celhilose (suspensi ) Dissolved in physiolngicat saline
Admrinistration mafhod:  Forced oral adiinistration Infraperiioneal injection

Report Thile: KWD-YE-04, Effacts of Repeated Orat Adwinistztion of E2D-3213 on Hepatic Drag-hdetzbalizing Bozymes in

Male Rats .

Trreastigarional product Contral ¥ Silodasin (KMD-3213) Phenobarbital™
Doze (mgkziday) 0 1 10 36 8
Bod'jweightsn}sesmnaftzm(g) 214=11 210=11 N7=7 24210 216=13
Body weight (z) 21e=13 213=17 BoLS Wi£I2 2018
Liver weight (z) 836054 7.35+0.32 S05=0.19 265=036 1230 Oy
Liver weizht (3% of body waizhi) 38202 3832033 395018 3012031 5A=00==
Micresome protain Tevel

{mog/E liver) 176=11 18F+42 167212 182%28 S E W
(mgliver) 4313 14624 B31x11 15725 302 & ITEEE
Cytochrome level (nrmolmg protem)

Cytochrome D450 Jeval 112009 12$=0.13 1.25=005% 137=014%%= 308=03622
Cyteckrome b5 level [ETENRTS 0.55%=0,15 0450063 0.38=0.05 0.84= 03058
Enzyme activity (aelfminime protaim)

Aminopyrine N-Gemafinfase 551+0.50 588%035 549 =073 397=076 04103542
HAnilive -hydrosytase 0.90=0.13 0.30x0.14 0.75=.08* 0772012 LA =0 1658
F-Ethoxycoumsnn O-doethylase 1.89=0.17 20=023 20+0.29 1.96=015 245 =0.1058
UDP-GT 315=76 03172 362256 L1230 29=405=
Giutathicna S-rransforase 172220 IB3=2 BR=19 173+24 280 £ 153
D Xt S.D. 1) Sodinay sali, b) I commrol {trested with 0 3% ag solmion of nzafhyl celinlose).

Durnett’s anltiple comparison test (ve. a22a5Eve congol): ¢, p<0.05, “*; p=BL01

Siudent’s 1 tesx {vs. nezative control) &3 p<0.01. £ p0 0]

Assumption of the enzyme responsible for the metabolism
metabolite KMD-3293 (PK10126). The rate of KMD-3213 formation was measured

using human liver microsomal or S9 fractions in the presence of NADPH, NADP or
NAD. An insignificant amount of KMD-3293 was formed using microsomes in the

absence or presence of NADPH or S9 in the absence of NAD or NADP. In S9 the rates of
formation in the presence of NAD and NADP were 2.5 and 0.2 nmol/30 min/2 mg

protein, respectively.

Dependency on KMD-3213 concentration in S9 in the

of KMD-3213 to its main

presence of NAD (3 mM)
Concentration of KMD-3213 (uM) 10 50 100
Formation of KMD-3293 (nmol/30 min./2 mg prot.) | 0.3 1.3 2.5

Effects of inhibitors on metabolism of KMD-3213

NAD (3 mM)(30 min./2 mg protein)(N=2)

(100 uM) in liver S9 in the presence of

Inhibitor concentration | Remaining activity (%)
(uM) 1000 100 10 1
Pyrazole 18.1 38.7 69.1 -
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Ethanol 357 505 59.8 T
Acetaldehyde 60.4 65.9 71.8 -
Disulfiram - 8.1 82.3 | 83.1

Based on the above data, it was proposed that alcohol dehydrogenase and aldehyde
dehydrogenase are involved in the metabolism of KMD-3213 to KMD-3293.

Identification of the enzyme responsible for production of metabolite KMD-3310
from KMD-3213 (DMPK2003-0037). The rate of KMD-3310 formation was measured

using human liver microsomal, S9 fractions, or cytosol in the presence or absence of B-
" NADPH or 3-NADH.

Cofactor requirements for KMD-3310 production in subcellular fractions (N=2)

Subcellular fractions V ((pmol/min/mg protein)

B-NADPH B-NADH. -| none
S9 134 BLQ BLQ
Microsomes 18.0 0.545 BLQ
Cytosol 0.403 BLQ BLQ

Effect of inhibitors on KMD-3310 production in human liver microsomes (N=2)

Inhibitor KMD-3310 (% of contro})
1 o-Naphthoflavone (CYP1A2) 95.3
0.5 uM Tranylcypromine (CYP2A6) 85.8
20 uM Sulfaphenazole (CYP2C9) 80.6
200 uM S~(+)-Mephenytoin (CYP2C19) 77.5
0.5 pM Quinidine (CYP2D6) 82.2
100 pM 4-Methylpyrazole (CYP2E1) 76.6
2 UM Ketoconazole (CYP3A4) 5.60

It was concluded that CYP3A4 is involved in the metabolism of KMD-3213 to KMD-
3310.

In vitro metabolism study of "*C-KMD-3213—identification of UGT isoforms using
microsomes expressing human UGT and determination of Km and Vmax values
(AE-3348). The glucuronidated metabolite MD127 (KMD-3213G) was formed in the
presence of human UGT2B7 microsomes (but not in 1A3, 1A6, 1A9, 1A10, 2B7, or
2B15). The mean percent of peak formation was 1.69%, 5.02%, and 8.49% after
incubation for 10, 30, and 60 minutes, respectively. The Km and Vmax for
glucuronidation of "C-KMD-3213 by human UGT2B7 were 401.0 umol/L and 670.7
pmol/min/mg protein.

Metabolic profiiing in rat plasma, urine, bile and main tissues after a single oral dose of *C-
KMD-3213 (PK10055)

Radiolabeled compound was used to determine the percentages of unchanged drug and

metabolites in the plasma, liver, kidneys, prostate, bile, urine and feces by RI-HPLC. KMD-3250
was primarily detected in the liver, feces and bile, and KMD- 3310 in the kidneys, prostate,
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plasma and urine of male SD rats. The percentages of unchanged drug at 0.5 and 4 hr after
administration were 4.8 and 11.9%, respectively in the plasma, 1.4 and 4.0%, respectively in the
liver, 3.8 and 12.7%, respectively in the kidneys, and 26.7 and 32.3%, respectively in the prostate.
The percentages of unchanged drug in the urine, feces and bile by 24 hr after administration were
- 12.8, 12.7 and 2.3%, respectively. In addition, the metabolic profile in the plasma, liver, kidneys
and prostate was specific to each organ, showing no marked change over time. Radioactivity
concentrations of unchanged drug and metabolites in tissues and their excretion rates after a
single oral dose of "“C-KMD-3213 to rats at a dose of 1 mg/kg.

ng oq. KMD-3213/g ormlLL

o ;
s | $518 % 3 8 §5 8§ 3 ¢
g g gg b b 0 P 9 o by S E
& 2ol 3. E -
E [a}
£ |35 B398 83
B) 19427 | 273 273 4908 ND. ND. 565 1149 4207 1110 6892

3

Liver (100 | 44 (a4 @52) QD) D) @9 G ©Le 6D G359

17444 | 698 663 7047 436 366 1082 1047 1273 1204 3628
(1000) | G0 G @4 @5 @) 62 (60 (3) (69) (208)

Kidneys | 055 | 9624 366 87 ND. 58 ND. ND. ND. 6669 ND. 2444
. (1000) | 38) (09 @®D) (©6 @©D) @D) @ND) (693) (ND) (254)

4823 613 516 ND. ND. X D. ND. 2479 ND. 1220
(100.) | (127} (107) (ND) (ND) (D) (ND) (ND) (5.4) {ND) (253)
Prostate | 051 | 400 107 ND. ND. ND. ND. ND. ND 214 ND 178
) (100.1) | 267) (ND) (ND) (ND) (ND) (ND) (ND) (53.6) N.D) (19.8)
593 192 110 ND. ND. ND. ND. ND. 1182 ND. 110
(00.1) | (323) (185 (ND) (ND) (ND) (ND) (ND) (30.7) (ND} (18.6)
HIE } 54 ND. ND. ND. ND. ND. ND. 835 ND 29
(100.0) | (4.8) (ND) (ND) (ND) (ND) (ND) (ND) 47y (WD) (20.5)
4h 604 72  ND. ND. ND. ND. ND. ND. 241 ND. 291
(999 | (19 @ND) (D) (ND) (ND) (ND) (ND) (@99 @©.D) @8 |

4h

4h

Plasma | 0.5h

N.D.: Not detected :
Each radioactivity concentration represents the mean value of 3 samples. (Concerning the prostate, 3 samples were pooled
and 1 pooled samplo was measured). Concentrations of unchanged drug and metabolites were calculated by multiplying the
radioactivity concentmation in the. tissne by respective percentages of unchanged drug and metabolites. Values in
parentheses represent respective percentages of vnchianged drug and etabolites: 3 samples were-pooled end 1 pooled sample

was analyzed by RI-HPLC.
% of dose
21 .o — o o o wv =
Tl = < b ©0 - - b4 -
g E+§% § & 8§ § § & 8 5 .
0 o -
Jrl3lsdE 8§ § 8 8§ ¢ ¢ &8 & %
20.5 26 20 ND. 03 ND. 02 ND. 78 ND 176

Urne | 024 0.n | (128 ©7) ®D) (3 ND) (10) (ND) (7.9 @D @G13)
o24n| 689 | 8 63 215 ND. ND. 62 65 ND ND. 150
(00 |27 (2 GLO (OD) ®OD) ©O.D 05 ®ND) ND @19

70.1 16 46 182 06 20 113 25 13 ND. 280
G99 |2y 66 @59 ©8 @» (&) (6 (19 ND) (399

Cage .
bings 0-24h 09 - - - - - - - - - -
N.D.: Not detected
Each excrotion rate of radicactivity tepresents the mean value of 3 samples. [~] indicates that no measurement was
peformed.  Excretion rates of unchanged dmg and metsbolites wers caloylated by multiplying the excretion rates of
radioactivity by respective percentages of unchanged drug and metabolites. Values in patentheses Tepresent respective
percentages of unchanged drug and metabolites: 3 samples were pooled and 1 pooled sample was analyzed by RI-HPLC.

Feces

Bile 0-24h
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Effects of repeated oral administration of KMD-3213 on hepatic drug-metabolizing
enzymes in male rats (KMD- YK-04).

The effects of KMD-3213 after repeated oral administration on rats at a dose of 1, 10, or
30 mg/kg once daily for 7 days on drug-metabolizing enzymes in hepatic microsomes
were investigated.

All of indexes tested in this study except rat body weight increased significantly in
positive control group, i.e. phenobarbital group (80 mg/kg, intraperitoneally).

Cytochrome P450 contents significantly increased in 10 and 30 mg/kg KMD-3213
groups and increases were by 1.12- and 1.23-fold of those in negative control group,
respectively.

Aniline 4-hydroxylase activity and UDPG transferase activity decreased significantly in
10 or I mg/kg groups, respectively, however, those decreases were 0.83 or 0.78 to those
in negative control group, respectively, and not dependent on dose administered. ‘

There were no effects on microsomal protein content, aminopyrine N-demethylase
activity, 7-ethoxycoumarin 0-deethylase activity, and glutathione S-transferase activity.

These results indicated that the effects of KMD-3213 on drug-metabolizing enzymes in
rat liver are slight.

Effects of treatment with KMD-3213 for-7 days on hepatic microsomal drug-
metabolizing enzymes in male rats (using Dunnett’s test)

Parameter KMD-3213 (mg/kg/day) ] PB (mp/ks/day)
contro} 1 10 30 80
Initial body weight (g} 214 11 210+ 13 217 7 2144 10 216+ 13
Body weight (g) 219+ 13 218+ {7 230 8 221 12 220+ 18
Liver weight (g) 836 0.54 - 7.88% 082 9.06% 0.19  8.65+ 0.36 12,394 1.04%¢
Liver weight (% of body weight) 382+ 0.20  3.63+ 033  3.95x Q.16 391 0.31 544 0.48™
Microsomal prolein content
(mg/g liver) 17.0= 1.1 18.7x 4.2 1674 1.2 182+ 2.8 24.5 2.4™
(mg/liver) 142z 13 146 24 151 11 157% 25 3022 27
Cytochrome content {nmol/mg protein)
Cytochrome P450 L12+ 009 1242013  125¢ 005  137& 0147 3.08 0.26™
Cytochrome bs 049+ 0.16  0.55+ 015 045t 6.08  0.38+ 0.05 0.84 0.39%
Enzyme activity (nmol/min/mg protcin) .
Aminopyrine N-demethylase 551 056 588+ 035 549073 597+ 0.76 1041% 0.54*%
Aniline 4-hydroxylase 090+ 0.13  0.89=0.14 0.75: 008  0.77% 0.12 1.71% 0.16%
7-Ethoxycoumarin O-deethylase 189 0.17  2.00% 025 200029 1962 0.15 246+ 0.10™
UDPG transferase 375676 290+ 72° 3621 56 3LI£ 5.0 529+ 4.9
Glutathione S-transferase 172+ 20 173+ 22 168+ 19 173+ 24 280: 19

Data are expressed as the mean values#S D, of eight animals.

PB: Phenobarbital sodium

Siguificantly different from the value of control by Dunnett’s method : * ; p<005,**; p<0.0L, ***: n<0.00)
Significantly differcnt from the value of control by Student’s t-test : #; p<<0.05, ## ; p< 0.0, #3 ; p<0.001
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Effects of treatment with KMD-3213 for 7 days on hepatic microsomal drug-

metabolizing enzymes in

male rats (relative to control)

KMD-3213 (mg/kg/day) PB (mg/kg/day)
Parameter 1 10 30 80
Initiat body weight 0.98 1.0 1.00 101
Body weight 0.99 1.05 1.01 1.04
Liver weight (g) 0.94 1.08 103 148
Liver weight (% of body weight) 0.95 1.04 1.02 142
Microsomal protein content
{mg/g liver) 1.10 0.98 1.67 44
{(mg/liver) 1.02 1.06 1.10 212
Cytochrome content: ’
Cyrochrotns PASO Ll 112 123 2.76 [e2)
Cytochrome b5 LI 091 0.78 L7 g%
Bnzyme activity ) =+
Aminopyrine N-demethylase 107 1.00 1.08 1.89 g
Aniline 4-hydroxylase 0.99 0.83 0.36 1.90 . %?’
7-Ethoxycoumarin O-decthylase 1.06 1.06 1.04 1.30 16—
UDPG transferase 0.78 097 0.83 141 Eg
Glutathione S-transferase 1.00 0.98 1.01 162
Mean values of eight animals were used to calculate values 1 Tiblo 3. @)
PB: Phenobarbital sodium O
2.6.4.6 Excretion <
Pharmacokinetics: Excretion
Rats: Single Dose ~ Test Article: Silodosin
In fasting rats given a single oral administration of *C-KMD-3213 at 1 mg/kg, urine,
feces, and expired air accounted for 15.3%, 81.7%, and 0.5%, respectively, of the total
administered radioactivity 168 hours after administration.
Species/sirain: Rats'SD Dese (mgkg): 1
Sex MMFYRN= M3 Substance to be assayed (farget substazca):  TRA
. . 5 0.5% Aquecus soluiion of methy! cellnlose - X
Vebicle/dozing forx (dissolved in dilute hydrocklorie 2¢id) say method: L3
Adminisiration method: Forced oral doza
Stady No.: AB3SHG
Feading Fastieg Non-fasting
Roure of excrstion Cunmlasiva excretion rata (3%) Cuemiative excredon mre (%)
- : Crina Feces Expiration. Total Urine Faces Expitztion | Total
Time
0-4 12310 - 0.1=01 - 09=0.7 - 0.6 =00 -
P-8 Biz17 - 52201 - 33515 - 01=00 =
0-24 I35x36 | 123=52 04=01 86224 38=08 WI=a6 02200 [P T=41
0-48 1446+58 | 797x49 042901 M TF£27 63£08 89)IL2F 03=01 [570=14
0-72 152%63 | 814=37 05=0.1 97139 §.6=+03 90722 03291 [976=1%
096 133x64 | 815237 D5+6.% 97341 8.7+08 807=22 GI=Qt [977x13
0-120 153:64 816+36 0501 974x42 6708 908=22 03501 [$¥7F=14
0—123 135264 | 816356 05202 97544 6.7+08 0R=22 03=0} [977=E3
0168 15364 | 31.7=36 05<6.1 976443 87£038 M8=22 1 03201 | 978=13
Cadavar 06202 02+0.]
LSC: Liguid scinfiliation oownber, TRA® Total radicacvity.

Data represents maan = §.D_ - Not measurad
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Rats: Repeated Dose Test Article: Silodosin :

In non-fasting rats receiving repeat oral administration of '*C-KMD-3213 at 1 mg/kg
once daily for 21 days, urinary and fecal excretion fractions were 9.9% and 87.4%,
respectively, of the administered radioactivity and 97.3% in total. In addition, the urinary
excretion fraction was constant 12 days after administration.

Rare/SD

«
by}

Speciesistram: Sex (M/FYN= 83
Feeding: Non-fasting
Vehicle/dosing form: 0.53% Aqueous solution of methy] cellalose (dissolved in dilute hydrochloric acid)
Administration mathod: Forced oral
Dose {mgkgday): ! (repeated doses for 21 days)
Substance to be assayed TRA Assay method: 1sc
(target zubstance): .
Study No.: RMD-PENHD

. Cunmlativa swcredon ate (S
Roup of excretion T T Toml
Tema(Day)
1 Y EST] T5.8%14.0 BI=159
2 73225 77238 £45245
3 7.6=32 204213 £80=133
4 231227 816233 297207
3 3520 S30=138 013212
) 8825 235207 N2=18
7 B7x19 81.0£26 0544
8 8815 84114 20220
[ 2.0£13 85432 034=43
£l 20213 86.1£21 031232
it 91x1p $7.0=30 981233
12 2709 579244 oT6=52
13 9.8+09 885234 982242
Trne(Day) B
1 93209 B32223 080231
5] 00203 $82x32 o81238
16 20=08 885230 983235
17 9P=038 88136 030=42
18 90203 57442 FT3=48
19 08«07 56933 05743
20 93=07 87.2237 970243
2 9704 86933 966236
22 (1 <day after the end of treatmens) 028204 87.3=35 971230
23 (2 day siter the end of trenzment) 9804 874+35 972210
4 (3 day after the end of freatoenty 9804 874=35 Q72=39
25 (4 dey after the end of beatment) 29204 87.=35 973239
265 day afier the end af treatment) 09=04 274235 973219
27 (6 day afrer the end of tresument) 9904 74=35 973239
28 (7 day after the end of treatment) 9.9£0.4 874235 973239

Data yepreseats mean <= S D,

Dogs: Single Dose  Test Article: Silodosin

In fasting dogs administered a single oral administration of "“C-KMD-3213 at 0.5 mg/kg,
radioactivity excreted in urine and feces, and recovered from the cage wash, was 24.62%,
61.18%, and 3.73%, respectively, of the administered radioactivity, and 89.53% in total.
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Speciesistrain: Dogsbeagle Dose (mgkg): 03
Sex (MTFYN= M3 Substance to be assayed (target substance):  TRA
Feeding: Fasting ) Assay method: ' 1sC
WVehicle/dosing form: Capsule {dissolved in dilnte Irydrochloric acid}
Administeation method: Orat administration
Study No.: K5I 137013760
Ronte of sxcresicn Crrlative excredon 138 106) .
Urine Feres Washing Solution
T2
¢-12 19942035 - -
224 22512931 43.06=1L13 174=031
5-48 2BAGE 043 381721033 287031
0-72 2403973 50.15= 1068 308<028
0-96 2427=040 39.61= 1073 3222028
0-120 4402078 60.03 = He78 3332024
0-142 24502079 60.31 = 10.88 3435925
0-168 2462 29.82 6L18= 110§ 3732033
Tatal WB=131

1.SC: Liquid scinsliation countar,
TRA: Total sadivactivity.

Dan represents mean = S.D.

~ Notmsasured.

Humans: Single Dose Test Article: Silodosin ,
This mass balance study in which healthy male volunteers received a single oral
administration of 8 mg of '*C-KMD-3213, revealed urinary and fecal excretion fractions

that accounted for 33.5% and 54.9%, respectively, of the administered radioactivity, and
88.4% in total.

Species: Huomsns Dosza: 3me
Sex IMFYN= P24 Substance tebe assayed (argst substencs):  TRA
Feading Fasting Assaymethod: 1L8C
Vehicle‘dosing foarn: Salution in dilute Irydrockloric acid
Sdministrazion meshod: poO.
Study Numbar: KD3213-US012-99
Rows of sxaresion _ Cunmlstive axcretion rata (35)
Trine Fores
“Time
g-5 159=3061 -
0-12 2442425 -
0-24 . 2B9=447 830353
0-48 318=467 25320
0-72 32.7=473 $10=169
0-95 33.1=4381 H8x159
D-120 33324355 SEe=124
2-144 33.4=4288 53.8+117
9-168 334=4.00 34.6+116
g-192 334=480 47+116
5-16 33540 54.8+11.6
4-220 33.5=491 549=+116
Fecal wipa 007003
Tots] 884107
15C: Liquid scintistion counter, [RA: Toal radioacavity.

Data represents maamn = §.D.
-2 Not measured.
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Pharmacokinetics: Excretion into Bile

Test Article: Silodosin

Speciesigtrain: Rats’SD
Sex QATFYN= M3
Feading: Fasting
Substanes to be assayed (farget substancs): TRA
Asgzay method: 1sC
Study Nurher: AE-3514.G

e e o 0.5% A fation of metyl celin] g
Vehicle/dosing formm: {dissolved in dilure hydrochtoric acid) Bite ™
Adminisrration meshod: Forced oral Inwrednodsnat
Dose (mzkgy: T 35164 mg Ebody
Roure of excefion Curmilazdive excration rate (03} Cunmlstive excretion xme (36}

Bile [¥570] Fares Bile Utine Feces

Time {hours)
01 64571 - - 0502 - -
02 152=114 - - 32214 - -
0-4 327273 2340 - 75221 57219 -
0-2 390=73 14333 - 125223 92=13 -
0-24 22266 16923 341297 152=126 HA=12 5247
0-4% 429266 174224 354293 150226 118213 0137
Gastroinrastinal contant (45) 25=11 20=11
Cafsver (I2) 15=02 07=13
a) Bite pooled I § howrs skter ordl Gose 0 C RMD)-3213 (| Ma/ke) 2 1.

L5C: Liquid scinriltation couter, TRA: Total doactivity.

Darx represents mean= 5.1,

-2 Not nxasured.

2.6.4.7 Pharmacokinetic drug interactions: NA

2.6.4.8 Other Pharmacokinetic Studies: NA

2.6.4.9 Discussion and Conclusions

Repeat dose (14-day) oral absorption studies were conducted in mice, rats and dogs to
evaluate levels of silodosin and its metabolites in the plasma. Not all metabolites were
detected in the plasma of all species tested. In mice and rats, AUC and Cmax values
increased in a dose-dependent manner for both silodosin and its metabolites. In dogs,
AUC and C max values were higher in males compared to females for both silodosin and

its metabolites. A summary of pharmacokinetic findings is found below.

Toxicokinetic studies were also conducted in conjunction with pivotal toxicology studies

and indicated that silodosin and its metabolites were adequately included in those studies,
except for the glucuronidated metabolite which circulates at approximately four times the
plasma levels of silodosin in humans. Genetic toxicology studies (in vitro) and
intravenous studies were conducted to qualify the major human glucuronidated
metabolite KMD-3213G, which is not produced by mice, rats, or dogs (see Toxicology

section).

In fasting rats receiving a single oral administration of 1 mg/kg c-kMD- 3213,
radioactivity was rapidly distributed into the organs and tissues. High concentrations of
radioactivity were determined 30 minutes aftér administration ini the liver, kidneys, and
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bladder in addition to the intestinal tract. High concentrations of radioactivity were
determined in the liver and kidneys, and comparatively high concentrations were in the
pituitary, the pancreas and the bladder 4 hours after administration. At 24 hours post-
dose, the highest concentration of radioactivity was determined in the liver and the
second highest concentration was in the pituitary. The radioactive concentrations
decreased with time in most of the organs and tissues. Higher radioactivity was
determined in the liver and the kidneys than in the other organs and tissues 168 hours
after administration. Radioactivity disappeared more rapidly from plasma compared to
other organs and tissues, and at 168 hours after administration, radioactivity was below
the detection level in plasma. In the prostate, concentrations of radioactivity were as high
as the concentrations in plasma, with radioactivity being detected even 168 hours after
administration. In addition, the elimination half-lives of radioactivity in the testis, brown
fat, white fat, skin, and heart were longer than those in other organs and tissues.
Throughout all the time points, radioactive concentrations in the cerebrum and the
cerebellum were lower than those in plasma. The distribution of silodosin to the central
nervous system was low. In non-fasting rats given repeat oral administrations of Ye.
KMD-3213 at 1 mg/kg once daily for 21 days, high concentrations of radioactivity were
distributed in the liver, followed by the kidneys, pituitary, and skin, in a manner similar
to distribution following a single dose.

In vitro metabolism studies using rat, dog, monkey, and human hepatocytes showed that a
glucuronide conjugate of silodosin (KMD-3213G) and a metabolite in which the
alcoholic hydroxy group was oxidized (KMD-3293) were mainly synthesized in
hepatocytes and are the major metabolites in humans. KMD-3293 was also synthesized in
rat, dog, and monkey hepatocytes, but the major human metabolite KMD-3213G was not
seen in rat or dog hepatocytes and was minimal in monkey hepatocytes. In repeat (14-
day) oral administration of silodosin to mice, rats, and dogs, the major metabolites for
each test species were measured. In mice and rats, AUC and Cmax values increased in a
dose-dependent manner for both silodosin and its metabolites. In dogs, AUC and Cmax
values were higher in males compared to females for both silodosin and its metabolites.
In healthy male human volunteers given a single oral administration of 8 mg of Me.
KMD-3213, KMD-3213G and KMD-3293 were mainly detected in plasma, along with
snlodosm KMD-3213G was not detected in plasma after a single oral administration of

1C.KMD-3213 at 1 mg/kg and 0.5 mg/kg in rats and dogs, respectively. KMD-3293 was
low in concentration in rat and dog plasma after the same single oral administration
conditions as above. However, single oral administration toxicity studies in which
silodosin was administered to mice at 100 and 500 mg/kg, to rats at 300 and 600 mg/kg,
and to dogs at 100 and 200 mg/kg showed that KMD-3293 was detected in rat and dog
plasma at concentrations in excess of the observed concentrations of KMD-3293 in
humans that received a single oral administration of 8 mg of silodosin. In rat and dog
plasma, KMD-3310, which has a lower affinity for a1-ARs, was the major metabolite. In
the prostate of rats 30 minutes after administration, KMD-3310 was the major metabolite,
followed by silodosin. At 4 hours after administration the percentage of silodosin in the
rat prostate was greater than that of KMD-3310. Both silodosin and KMD-3310 were
present up to 4 hours post-dose indicating that the product was present at the therapeutic
site. KMD-3310 was detected in rat and dog urine. KMD-3310 and KMD-3293 were
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mainly detected in human urine. Silodosin was detected in the urine of all species but
accounted for not more than 4% of the administered dose. KMD-3250 was mainly
detected in rat feces, and KMD-3293 and KMD-3295 were mainly noted in dog feces.
KMD-3293 was mainly detected in human feces. Human fecal excretion of silodosin
accounted for about 30% of the administered dose. KMD-3213G, the major metabolite of
silodosin in human plasma, was not detected in human feces. It was inferred that KMD-
3213G was de-conjugated by enteroenzymes and excreted into feces as silodosin. KMD-
3250 was mainly detected in the rat liver and bile, while KMD-3310 was detected in rat
kidneys. On the basis of these results, KMD-3310 was considered the major metabolite in
rat and dog plasma, and KMD-3213G and KMD-3293 were the major metabolites in
human plasma.

14C-KMD-3»213 was primarily excreted in feces in rats, dogs, and humans. In fasting, bile
duct cannulated rats (single oral administration of e KMD-3213 at 1 mg/kg), biliary
excretion accounted for 42.9% of the administered radioactivity, with urinary and fecal
excretion accounting for 17.4% and 35.4%, respectively, up to 48 hours after

administration. Therefore, silodosin was considered to be primarily excreted via bile into
feces. '

2.6.4.10 Tables and figures to include comparative TK summary

Comparison of Maximum Plasma Drug Concentrations (Cmax) and Systemic Exposures (AUCg.,4) of
Silodosin and Metabolites at Steady State between Animals and Humans (see discussion above).

3 Dose Silodosin KMD-3289 KMD-3241 KMD-3293 KMD.3205 KMD-3310
Species Sex (ozke) _ _
Cumx | AUCon; | Crss AUCq4 Crex AUCpas Coxx AUCqas | Cmxs | AUCo.4 Cox AUCry
20 17 226 6 - 80 2 23 2 7 3 70 NA NA
Male 50 157 1,459 43 479 30 270 20 202 39 464 NA NA
100 303 3,284 29 1.225 54 617 67 431 95 725 NA NA
Mouse 60 160 1.957 51 462 26 33 83 443 105 921 NA NA
Female 150 m 10,683 229 3,421 168 2,208 761 | 2924 735 4,020 NA NA
400 1727 | 26,827 642 9,518 303 4,765 912 6,126 565 4,703 NA NA
15 13 203 0 2 3 34 3 13 NA NA 40 426
Male 30 81 942 28 254 40 407 15 158 NA NA 177 1.912
Rat 150 228 2,947 113 1,417 135 1,607 43 523 NA NA 383 3,238
15 13 163 0 3 3 38 [1] 0 NA NA 27 279
Female 80 106 1,194 24 277 37 463 1 105 NA NA 131 1,600
250 352 3,078 16 817 S0 993 41 315 NA NA 262 3,275
Dog Male 80 5,303 | 36977 | 1.109 13,869 1,387 13,646 178 o1t 67 384 5,947 74918
Female 80 3.477 | 22,065 674 7,535 1,023 7,958 153 m 37 177 5,077 56,760
Human Mate 8mg 61.6 3734 NA NA NA NA 343 3730 34 163 1.6 28
1) ng/m..
2 nghe/ml..

NA: Not applicable.

APPEARS TRIS WAY'
ON ORIGINAL
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2.6.5 PHARMACOKINETICS TABULATED SUMMARY
List of compounds in pharmacokinetic studies:
Abbreviation » T g .
seneric name Chemical name Structural formnla Origin
D213 l-{:‘-:fydso‘r}'pcrop\'i)o—[(_.?;- (2R Drag substance
siodesin Fifhacroathoy phenoy]-etnl amins)orepyl- ~ K
2 7-thvdm-1H indole-T-carboxspiida e o ¥ s
qﬂ’\/\w
FEMD-3233 753y | 1-(3-Spdroxypropviys-1L 002§ -2 2,32 s Ditydro-bronidd aci salt of
salt wifluorosthoxyjphenoxy]-etayl}emino)prepyil- E;L A~ the druz substance
2.3-ditydro-15-indole-7-czrboxamide re X i "y 0
ditydobromide. & ’\Am
MD127 3-{7-Carbamoyi-3-[2R-2( (21323 2-uittucro- o Hfatabolita
(eincuronide ethoxy)phanosy]edyl} -aminoiprogl}-2,.3- »
coujugata of dilydro-15-indal- 1-yi}propyt f-D- R ©
silodosin or ghrcopyrmosiduronic acid He,
RD-3213G3)
EMD-3231 1-3-Eposypropyi)-3-[QR)-2-(12-2-2.2,2- Meatsbolita
mmjﬁphzna.“]—eﬁlﬂ}ammcgml}-
1H-indole-7-carboxamide
TMD-3289 SHRYy-2-({2-{2-2,2 2-Triflx oy Ipl 1- o detabolite
athyljeminolpropyl}2,3- difydro-ER-iudole-7- [;L AR
carboxsmide o o,
LN L] "
ZMD-3283 7vCa:bamm2-b -FRR)-24{2-[2-(2,22- Marsbokite
phtenoxy)-ethyi} amino) propyi}- o~
‘.,B—dﬂwtho-m indole-1-propennic acid o ¢ o,
EMD-3293 T-Carbanmoyl-5{ R ({ZE-C. 1Y Membaolita
tiflnoroethoxy)phenmey]-etiniYanminn) propvil-
1Hindple-1- prepanoic acd
KMID-3310 lﬂ,Z,Z-IrSfmmmmq')-phémxyaceﬁc acd O:l’vm." Mambolite
o e,
EMD-3250 1-(3-FydrorypropyE)-2-ox0-3-[(27)-2 {292~ ' Matabolite
(2.2 2uiflsoroethony)-pheoxyetkyl amine)- 3
propyld-2,3-dilydco- LE-indole-7-carboramide fon o, 7 ™
A »o"\/\m
i
RMD-3299 TCarbamby)- 2-0%0-3-[ QAR 2.2 ; Mem0okts
mnmmmnxy)phmmﬁ -ethyl} amino}propyl}- I
2,3-dittydro-1 H-indola-3-propanbic acid . o Y b
EMD-3281 3-{7-CarbemoyE- 3[R (- [2-42,2, 2-bitioro- Mambolits
glucurenida ethoxy)pharonylechy]}-amingpropyl}- LH- indol- A
conjuzEre 1-l}prepyl pD-ghxopyzarosidurenic acid , o 4 *
&MD-3241G) A =
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Pharmacokinetic Overview
Type of Study GLr Test System | Method of Administration | Testing Facibity | Stady Number
Absorption
Sbzorptices No Ratg Forced oral, Intmavenozs Hiseej PKI9152
Absezptica No Rats Forpced ozt Faszei DE19066
Hbzorpdon No Rats Infravenous Eiseot DKI9053
Ahsorprion, nwetzbolism sud excrenien Yes Dogs Forced ezal KA1 1370137%0
Sbzomption o Dozs Fored oral, loravenons | Kissed EMD-TAE
Absazpiion, netzbolizm sud axcreron No* Himyms P.0. {soluzion in ditzme —— XMD3213-T5012-69
myrochloric acidy 1
Absyption No* Humane 0., Intraveraus Py XaD-308
Absorpticn Mo* Homeng p.o. P B 93343
Absozpticn Wo* Smans PO, = - KMD-105
—
Absompticn o' Fumang o, [ BET
Abzorptica Yas Tioasa To - TRIIP8e7 075930 |
Abszosptien Yes Rar p.o. et RIT-H88/ 07-8928
Abszorption Yes Dog DO L — RII-L37  07-8987
Abserpion site No Rats Injection inca che Kiszei PK1DID
maceramyartinal fromt
- Kissai: Kicsat AT Co, Iid, -
A —————— e —— - -
# Feliowad GCD guidelives. ’
Type of Study GLP Test System | Afethod of Administration | Testing. Facility | Stndy Nuawmber
Distribution
Tissue dstributions afer smele dose No Rats ‘Ferced oral ABA53-G
Tissue disigbutions after single dose (ARG} Yes Raig Forced oral — KSI 55981743
Tissue diskxibutions affer vepested dose No Ran Forced oral Kissei KMD-PEMS01
Plasna protein binding Mo Rsts, Dogs, | Invitro dszad DEI0133
.
(plasma
protain)
Plasna proteia binding {Ghicuronide conjuzace of Rars, Dogs, | 24 Kizeag DMPREM03-0033
- | KD-3213) Hemsns
(phasms .
protedi)
Hutams
Plasia protein hinding (RMD-3293) (plasma Inyiro Kizzai IRPRIN0A-0023
proteiny
Concenrrsien in blood cells Mo Rat blood Indtro Kiszei PEINZT
Concentrsticn in hlood cells Yes Doz blood Inviro ——— EAI 137013760
Concemration i blood cells Yaammn bloed | i wiro [ Kiszei PE10007
T T Kiseet Kiss?l Phannacennical Co.. Ltd,
¢ —

1R

b4)



Reviewer: Laurie MéLeod-Flynn

NDA No.22206

Type of Study GLP Test System | Mefhod of Admivistration | Testing Facility | Stady Nomber
Afefabolism
Metsbolizm in hepamcytes No mﬁ- o | PK10104
Metaboliem in hapstocytes No Monkavs 7 53 Kistei DE3-519
Mambolites in plasms, urine, focas, bils ard organs Ras Forced oval Kirzel DKL0055
Matsbodites in plasmas, wrme and fecas Yes Dozs Foread oral —— ZST 137080
Moatabolites in plasiva, urine and fecos o* Humses Bo. — END32135012-05
P :“mﬁ‘;f;smg mesolizing exzymes o Rats Forced o Kissel TMDYED
Excretion
Eucretion after single dose Rars Forced oral ar— AE351G
Excreston a7er yepeated doss Rans Forced ozal Eizeej EMD-DEMS02
Absezpiion, metebolism md excrerica Yes Dozs Forced ozal — ZST 1370313760
abserpiien, nsstabolism and excretion No* = DO | — RMDS213-U5012-92
Bilz sucresion Rars Forced ezal p— AE3MG
L
Extercheparic chrrulation Rass Injeciion into tha duodenal P AE-IBMG
.. Kissak Ejssat Pasrmacentics Cp., 11d,
P s p———
* Poltomed IGCP guidelives.
Toxicokinetic Overview:
Txypa of Stdy Test Systam Mezhed of Adminisiration | Doses (makz} GLP Sidy Xo.
Complisnce
Single dose study Rars Intravenois 60, 75,90 Applicable 10092
Ringle dose study Doz Imravensus - 23,50 Applicable 10033
1 mouch doze smdy Rass Porxced oral 0,20, 60, 208, 500 Applicable 10028
26-week dose study (1) Rais Porced orsl _ 1360, 360 Applicable 10081
26-week dose study 2) Ras Forced omal 1,3 Appiicable 10111
2-week dose study Has Inmavenous 2,190, 50 Appiicable 10242
1 moath dosa study Dogs Capsales 25, 100, 400 Applicsble 10008
13-week dose smdy Dogzs Capsales 10, 56, 100200 Sipplicable EST HAVE70908
52-week dose smdy Doz Capsules 5,20, 80 Spplicable ESETHO74423
2-waek dose sgy Dozs Inmavenous 1,5,25 Appkaabla 10234
13-week doze-fnding smdy Mice Mbed with food 200,00, 800 Applicable ESI036/982491
Carcinogenicity stady Ferpale mice Mixed with food 60, 150,400 Applicable XST 1004012528
Carcivopanicity stady Male mice Mized with food 20, 60, 160/200 ™ Applicable ST 114912900
13-waoek dose-finding study Rass Mixad with food 30, 325, 300 Applicable XSI 0B4/982477
Carcigogenicity study Ras Mized with food Miale: 15, 30, 230 Applcsble 51 103012950
Famale: £3, 80, 230
Toxicekinatic ssudy Rabbits Ferced oral 20, 60, 200 Applicable 19116
Smdy on metabolites Mice Forced orsl 30, 60, 100, 130, $00, 500 | Applcabia 10235
Stady on metabolitas Rats Forced oral 100, 300, 600 Appliczble 10216
Swudy on metabolites Dogs Capsides 190, 200 Appliceble 10221
4-week study of acamutation of Dogs Capsules 25 Applicable ESL 115294708
matabolites in tha Hver and Xidney
1) Thei atticle was initially a7 200 mg'ke, which was decressad 1o 100 megskg on Day 7.
B) Thai arsicie was ed initially 5t 280 mgkg, which wss decreazed 10 100 me'kg at Week 27.

¢y Msle: 20, 100 and 300 mpke, Femala: 60, 150 a0d 460 mag'ks.
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Overview of toxicokinetic data:
AUC (g + hyymL) of silodesin zt steady stage

Daily Dosa | Mice” Rats > Dazs ™ Rabbits ™ Hymans
(mgxz) Mala Femal> Nala Femafe Nalz Faxale Female Mate |
0.11 3732165
3 1052=1091 38242350
16 3330962 3093=1156
15 42281 ® 5162 ¥
20 220242 1 532 7301301 48283181 208 £ 69
35 i 3113233333 23388+11136
30 1698 dy 15979
30 2011303 8 3000611116 256276153
& 1897349 23432435 2368 1838 1131=210
E:5) 22552181 9 | 1914759096 4409728534
190 lssm;spssvo o 122309.;.2?42;2 EX
39327 ° 3507540150
125 73707 3314
150 18228426524 | 950927079
200 1504% o | 15208 51 4106 9056 2263
2281043308 ¥
250 . RRI=I5T
200 20088 z;;:;;, 0 157030 159350
500 R 12254
600 2424 518
809 41139 30077
) Mixed with food, b} Forced oral administration, <) Capsutes, dj Mixed with food, 13-week dosa-finding srudy, &} ¥ h dose snady, §) 13-week dose stady,
2) Mized with food, 103-week carcirogenicizy emudy, hy Phase £ 1epassed dose smdy SIOE004.
Intravenous injection studies
Daily Dose Rats Dogs Humzps @
{wgkg) Male Female 3fale Panste Male
Tus ()
2.04 3.6+ 17
25 211=082%
30 28l=040"
1) Single dose stady, 9) CEnical phamacological swdy RAMD 308,
Listing of the Investigation Product Lofs used in the Toxitelogy Stndies
Specified Inprrities (%) © Study No. Typz of Smdy
Baich No: Preizy {%5) -
¢ | g:l:zi'.idnal) Torl
Specification in i a c— —
spplicaior: ,
| == 0022 Single oral dose stwdy in rats (3)
3 —— —
P51 100.1 i Others max 00233 Singe orel dose stady fn dozs (1)
——
10017 Sinzle oral dese stady in rats (2}
10025 Single oral dese study in dogs (2)
10077 3-monsh oral des? study in raw
-10608 i-month orsl dos2 study sud lmonth recovery study in dogs
I,’::os[ém 908 13-week orsl dose study o dogs
10036 Feverse mmeation test in bacteria
GD231 2.6 ND. M= |wc. gﬁf e e b test with cells in entrare (1)
10047 Micronuclens tast I mice
16005 Smdy on ferlizy and eorly embryo davelopment wntit
implantation in rats
10072 _Smdy o fe:n!;t} and early glnb.r}'o development untit
implantation in razs — study ip fomale rats
10037 Antigenicity srady in mice
10062 Antigenicity study in guires pigs
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| Specified Inpanities (3%) ¥ .
Bawh No. Purizy (30 | Others Smdy No. Tspe of Study
| ™™ | Gadividnaly | T
Specificattonin | -
application: ! ’\. -
l 1 10026 L-month orsl dosa study and i -month recovery smdy iz rots
GLA91 987 / Max / / 10081 25-week omal dose swdy in rats (1}
; ‘ ST 7970008 13-weak eral doze study in dogs
i I 10050 Study o fertility sud early embryo developpeent il Implantation
GTO8) 92.6 . Max / / R In 23t — srudy inmale ats (1)
/ 10058 Embryo - fotal development study in rats (1
7T 103.0 Max - 10050 Ewmbrvo » fatal @evelopment study i rabbits
HH231 997 Max / / 10081 2§-weak oral dosa srudy i res (3)
G261 993 B KSTTLO74403 | 52-week oral dose stdy in dogs
10092 Stegl: intavencas mjecton study In rats
10093 Single intravenens injection tsudy in dogs
10081 28-week oral doze study in rms (3}
0111 26-week oral dose sudy i rats {2)
HST80:973223 | Mouse hyrapboma assay
w32 1005 ¥D. ND. ND. 71423 Chromosomal abesration tast with mempslise calls ip culpira f)
EST 083974372 Unscheduled DNA synthesis {UUDS) tast with rat hapatocytes
10112 Smudy on fertility and early embryo developnranr clf impl
in rats —stady in male rats (2)
10101 Study of pra- 20d post-natal development and funcion of dams inn
nE .
Epedﬁed Imprites {35) ™ Study No. Tuype of Stady
Batck No. Pariiy (%) Othess ’
N o Total
! {individuai)
Spacificadon in '
=pplicarion; T
Bty 1002 ND. ND. ®D. 5T 080085305 1#-dny palstbiiity stady in mice
ZSEORRI95202 14-day palarsbility stedy in ras
J203 99.9 ND. ND. ND. X511 DBAOE2IDT 13-week dose-finding study in nuice
EST 0247952477 13-week dose-finding study in ra
N30 1005 Cm— i “___ o — 5L 00512588 104-week card fetty smdy in female mice
- EST 1142012900 104-wweek carcinogenicity srudy in wmale wice
ZSI DI 104-waek carcimogeniciny study in rats
10340 Embryg - feet] devalopntent study in rane {2
TO2090305 100.1 p—— T | — T —— ‘ ™MD 3213-TT-PH 28-day toxicity smdy In mmale el Witk o 30-dzy
0233 Tecovery parind
D 32313-11-PH Jt vizro phototoxicity
0236 !
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Spacified Iimpurities (%) "
Baxch Ng. Puity (%) == Others Srudy No. Type of Smdv
. ! re— Qindividual) Total
Spacificarion
n spplication: -~
KSt 026/052401 13-week dose-Fuding shudy in mica
XST H00:012088 | 104-week carcinogaticity study in female mice
261 1002 ND ND. ¥D KSTI10003900 | 104-week cxcffzc;eﬁdq sn..zdy inpsle mice
EST 024932477 | 13-maek dose-finding study in rats
KST 100082080 | 104-wesk carcinogenicity study in rats
10114 73l dosa roxicokinestic study in forale zabbirs
6242 X-week ImMUTRROUS jActon SUAY Itk
10236 2-week inwaverous injaction stady in dogs
RSIH4012000 | 104-week carcinogeniciny study in mate mica
ESTIG2012080 | 104-week carcizoganitity smdy in ram
10281 Bt viro stady of inhibitory effect on avpsin
10282 Fit vimo sindy of johibitery affacs on papain
JZo11 1005 —— —_— NC. 10233 Study on metabolites after single oral dose in mice
10316 Study on metabolites after sinzla ozat dose in rars
10221 Stady on matabolites after single oral dase i dogs
10219 Stdy on blood hormora levels afer arsl dose i rets
10220 Study on blood kormona lavels after avs] dose in mice
10283 Stady on hypermophy of the tryroid by repestad orsl doss intats
K51 11300798 | 4-waek orst dose sty 1o investisase accurmyiation of
matabolites in the Hver apd kidney fndozs
Specitfed mpuritias (¥5) 7
Barch Mo. Puriey (%) P Oters — Study No. Type of Stady
| (individaaly
Specification in ! !
application: ! L T -
l I RIL-397 Smdy of mewboitas aker 19-dzy dasing 1o doge
RADOGOTE1 99.9 T— Rl = | atr308 Swdy of mebolites after 14-day dosing 1o rats
] RTI-3¢ Swmdy of metsbolites after 14-day desing to mica
Batca No. Durisy (35) Stady No. Type of Study
Specification: ——TTT e —————— :
N1 . 20021F006 Hemolysis study In human blood
oo 2002IFQ05 Tnramuscuiar injaction smdy in Tabbits

&) Contenr {33}

MND.=et detected
N.C. =Not calculaed,
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicoloey:

In a 52 week oral dose study in dogs, 20 mg/kg/day (about 12 -19 times the expected
clinical exposure via AUC) was a No Observed Adverse Effect Level (NoAEL) in dogs.
Although pharmacological signs were observed at this dose and at 5 mg/kg/day, their
severity was decreased by Week 3. Brown discoloration was observed in liver and kidney
at all treated doses, and liver tissue stained positive for neutral lipids. At 80 mg/kg/day
(about 51 ~ 118 times), pharmacological signs (prominent third eyelid, eyes .
reddened/glazed, unsteady gait, stiff hind leg gait, high stepping gait, trembling, subdued
behavior/lying down, liquid feces) were observed for the duration of the study, for
several hours following administration. Decreased body weights/body weight gain and
decreased hemoglobin were observed. Liver tissue stained positive (slight to moderate)
for neutral lipids. No indication of tissue damage was observed, but an apparent increase
in alkaline phosphatase was observed (without statistical significance).

In a 13 week oral dose study in dogs a NoAEL for delayed maturation of testes and
epididymis and absence of sperm was 10 mg/kg/day (about 5 times the expected clinical
exposure). At 50 mg/kg/day (about 64 times), these effects were observed in the 13 week
study; however, they were not apparent at termination of the 80 mg/kg/day group in the
52 week study. It may be speculated that differences between these studies reflect the
different maturation levels of the dogs at the time of termination.

In a 26 week study in rats, at 15 mg/kg/day (approximately equal to the expected clinical
exposure via AUC), pharmacological signs included ptosis, lacrimation, and salivation.
Slight to moderate fatty degeneration of hepatocytes (males) and slight swelling of
centrilobular hepatocytes (males) were also observed. Increased lipid droplets were
observed in the liver by electron microscopy in males. At 60 mg/kg/day (about 5 —7
times the expected clinical exposure), discoloration of the liver was observed.
Histopathology included slight to moderate fatty degeneration of hepatocytes (males),
slight swelling of centrilobular hepatocytes (males), slight eosinophilic changes of
centrilobular hepatocytes (males), slight dilatation of the adrenal cortex (males),
hypertrophy of the vaginal mucous epithelium, and slight mammary gland hyperplasia
(females). Increased lipid droplets were observed in the liver by electron microscopy in
males. At 300 mg/kg/day (estimated 20 times the expected clinical exposure), clinical
signs also included deep respiration and decrease in locomotor activity. Increased
relative liver and relative adrenal weights and decreased uterine weight were observed.
Slight fatty degeneration of hepatocytes was observed in females and moderate to severe
fatty degeneration was observed in males. Histopathology included slight swelling of
centrilobular hepatocytes (males and females), slight eosinophilic changes of
centrilobular hepatocytes (males and females), slight dilatation of the adrenal cortex
(males), hypertrophy of the vaginal mucous epithelium, and slight to moderate mammary
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gland hyperplasia (females) with increased secretory activity. Increased cytochrome p450
content was observed in the liver at this dose and was higher in males than in females (p
450s were not measured at 60 mg/kg/day). Proliferation of the smooth surfaced
endoplasmic reticulum was observed by electron microscopy in the liver but not the
kidney. Increased lipid droplets were observed in the liver by electron microscopy in
males and females. In an additional 26 week study in rats, at 0, 1, and 5 mg/kg/day, slight
fatty degeneration of hepatocytes was observed. No other effects were observed in this
study.

In a two-week intravenous toxicity study of the major human glucuronidated metabolite,
MD127K (KMD-3213G), the metabolite was found to be similar both in pharmacology
and toxicology to KMD-3213. Pharmacology studies showed this metabolite to be
slightly less active than the parent drug, and distribution studies showed it to be
distributed to tissue, including the prostate.

Genetic toxicology:

Neither silodosin nor its glucuronidated metabolite increased the number of revertant
colonies at any dose tested, and both were judged to be not mutagenic in bacterial
mutation assays.

Increases in mutant frequency were not observed at any dose silodosin tested, and it was
concluded that it was not genotoxic under the conditions tested in a mammalian cell
mutation assay : :

In Chinese hamster lung fibroblast cells, no increase in chromosomal aberrations were
observed at any dose of silodosin tested by the 24- or 48-hour direct method or by the 6-
hour treatment activation method in the presence of S-9. However, in the 6-hour
treatment in the absence of S-9, chromosomal aberrations were observed and confirmed
in an additional assay. Although mitotic index was not measured in this study, an
additional study was also performed, in which decreased mitotic index (toxicity) was
found to be associated with chromosomal aberrations under similar conditions at similar
concentrations.

The glucuronide metabolite of silodosin was found to be not mutagenic under the
conditions of a chromosomal aberration assay in cultured Chinese hamster cells.

No increase in micronuclei was observed in mice at doses up to 1000 mg/kg silodosin,
and it was judged to be not genotoxic under the conditions of this assay.

In arat liver DNA repair (UDS) test, silodosin did not cause any significant increases in
either the gross nuclear grain count or the net nuclear grain count (i.e. the gross nuclear
pain count minus the cytoplasmic grain count) at any dose level at either sampling time,
and was therefore judged to be not genotoxic under the conditions of this assay.
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Carcinogenicity:

In a carcinogenicity study by dietary administration to CD-1 mice for 104 weeks
mammary gland adenoacanthomas, mammary gland adenocarcinomas, and mammary
gland adenomas or carcinomas were statistically significant and were considered drug
related. In an additional carcinogenicity study by dietary administration to male CD-1
mice for 104 weeks (replacement study for male mice killed in excessive numbers
through fighting during the previous 2-year assay), the study was negative for treatment
related neoplasms. Mice do not produce the major human glucuronidated metabolite.

In a carcinogenicity study by dietary administration to CD rats for 104 weeks, thyroid
follicular cell adenomas in male rats were statistically significant and were considered
drug related. Although the incidence of follicular cell adenomas in female rats was
increased, the incidences in dosed groups were not statistically significant. There was
increased incidence and severity, although minimal to slight, of thyroid follicular cell
hypertrophy in the female rats, as well as in the male rats. Rats do not produce the major
human glucuronidated metabolite.

Reproductive toxicology:

An embryo/fetal study in rabbits showed decreased maternal body weight at the high
dose of 200 mg/kg/day (approximately 13-25 times the maximum recommended human
exposure of parent drug via AUC). No evidence of teratogenicity was observed at this
.dose. Variations of lung lobation were observed at 20, 60, and 200 mg/kg/day and one
fetus in each treated group (< 1%, not statistically significant) had a ventricular septal
defect. '

Embryo/fetal studies in rats showed no maternal or fetal effects at a hi gh dose of 1000
mg/kg/day.

In a combined male/female rat fertility study, at 60 mg/kg/day and above, prolongation or
disappearance of the estrous cycle was observed in females. Decreased copulation index
was observed at 200 mg/kg/day and above and decreased fertility index was observed at
20 mg/kg/day and above (all treated doses).

In a male rat fertility study, sperm viability and count were significantly lower in the 600
mg/kg/day group. Histopathological examination of infertile males revealed changes in
the testes and epididymides in the 200 and 600 mg/kg groups. Reduction in fertility in
treated groups did not reach statistical significance in this study, as it did in two other
studies. However, the fertility index was somewhat lower in the 600 mg/kg group, and
implantation index observed at cesarean section was significantly lower.

In .an additional male rat fertility study, a decrease in fertility and implantation index was
observed in the 20 mg/kg/day group. Effects on fertility and implantation indices
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recovered after a 2 week recovery period. No effects of KMD-3213 on reproductive
function were observed in the 2 and 6 mg/kg/day groups.

In a female rat fertility study, no effect on fertility parameters was observed at 20
mg/kg/day. However, a minor, but significant effect on estrus cycling was observed at 20
mg/kg/day with a no effect level at 6 mg/kg/day.

Special toxicology:

In an evaluation of silodosin in vitro for phototoxicity in Balb/c 3T3 fibroblasts using a
neutral red assay, a small increase in phototoxicity over control (classified as a
“probable” level of phototoxicity) was observed in the presence of silodosin. However,
in a single dose oral phototoxicity study in hairless mice, only mild erythema was
observed after 4 hours simulated sunlight exposure at high silodosin exposure levels.

2.6.6.2 Single-dose toxicity

A single dose oral administration study of silodosin in rats showed that the approximate
lethal dose was 800 mg/kg for males and females and the LDs; value was estimated at
878 mg/kg for both males and females. The approximate lethal doses for male and female
rats by intravenous administration were 75 mgrkg and 90 mg/kg, respectively. A single
dose study in dogs showed that the approximate lethal dose was 1500 mg/kg for orally
administered silodosin and 50 mg/kg or more via intravenous injection. KMD-3213G
(MD127K)) was lethal at 50 mg/kg/day by intravenous administration in both male and
female rats.

APPEARS THIS WAY
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2.6.6.3 Repeat-dose toxicity
Study title: Twenty-six-week oral toxicity study of KMD-3213 in rats _
Key study findings:

At 15 mg/kg/day (approximately equal to the expected clinical exposure via AUC),
pharmacological signs included ptosis, lacrimation, and salivation. Slight to moderate
fatty degeneration of hepatocytes (males) and slight swelling of centrilobular hepatocytes
(males) were also observed. Increased lipid droplets were observed in the liver by
electron microscopy in males.

At 60 mg/kg/day (about 5 — 7 times the expected clinical exposure), discoloration of the
liver was observed. Histopathology included slight to moderate fatty degeneration of
hepatocytes (males), slight swelling of centrilobular hepatocytes (males), slight
eosinophilic changes of centrilobular hepatocytes (males), slight dilatation of the adrenal
cortex (males), hypertrophy of the vaginal mucous epithelium, and slight mammary gland
hyperplasia (females). Increased lipid droplets were observed in the liver by electron
microscopy in males.

At 300 mg/kg/day (estimated 20 times the expected clinical exposure), clinical signs also
included deep respiration and decrease in locomotor activity. Increased relative liver and
relative adrenal weights and decreased uterine weight were observed. Slight fatty
degeneration of hepatocytes was observed in females and moderate to severe fatty
degeneration was observed in males. Histopathology included slight swelling of
centrilobular hepatocytes (males and females), slight eosinophilic changes of
centrilobular hepatocytes (males and females), slight dilatation of the adrenal cortex
(males), hypertrophy of the vaginal mucous epithelium, and slight to moderate mammary
gland hyperplasia (females) with increased secretory activity. Increased cytochrome p450
content was observed in the liver at this dose and was higher in males than in females @
450s were not measured at 60 mg/kg/day). Proliferation of the smooth surfaced
endoplasmic reticulum was observed by electron microscopy, in the liver but not the
kidney. Increased lipid droplets were observed in the liver by electron microscopy in
males and females.

Study no.: 10081

Conducting laboratory and location: Toxicology Laboratories, R&D, Kissei
Pharmaceutical Co., Ltd. 2320-1, Maki, Hotaka, Minamiazumi, Nagano-pref., 399-83
Japan

Date of study initiation: 13 November, 1996

GLP compliance: Japanese Ministry of Health and Welfare

QA report: yes (x) no ( )

Drug, lot #, and % purity: Lot nos. GL091 (99.0 % pure), HZ271 (100.0 % pure), JH312
(100.5 % pure)
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Methods
Doses: 0, 15, 60, and 300 mg/kg/day
Species/strain: rat, Sprague-Dawley (Slc:SD)(SPF)
Number/sex/group or time point (main study): 20
Route, formulation, volume, and infusion rate: oral (gavage) in 5 ml/kg 0.5 %
aqueous methyl cellulose
Satellite groups used for toxicokinetics or recovery: 5/sex/group
Age: 5 weeks
Weight: 127.9-155.1 g (males) and 114.3-133.8 g (females)

Results

Mortality: One female in the control group, 4 males and 3 females in the 60 mg/kg/day
group, and one male and 4 females in the 300 mg/kg/day group died after exhibiting
crouching posture, gasping and pale auricles. At necropsy, dark reddish changes of the
lungs (including bleeding) and foam in the trachea or rupture of the esophagus were
observed, suggesting death from dosing error.

N =20 Males (mg/kg/day) Females (mg/kg/day)
0 15 60 300 0 15 60 300
Died or sacrificed moribund 0 0 4 1 1 0 3 4

Clinical signs: Significant clinical signs included ptosis, lacrimation, and salivation in all
treated groups. Loose stools, diarrhea, deep respiration, decreased locomotor activity, and
prone position were observed in the high dose group.

Dose {mgrkp/day)

0 (Control)

15

60

N=
Clinical signs

Evelid ptosis

Lacrimation

Salivation

Stools loose

Dianthea

Deep respiration

Decrease in locomotor activity
Prone position

M: 20

- 20
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Body weights: In males given 300 mg/kg, a tendency toward lower values was observed

from Day 29 on, and significantly lower values were noted from Day 50 on. In males
given 15 mg/kg, a tendency toward higher values was observed from Day 22 on, with
significantly higher values in places. In females given 300 mg/kg, a tendency toward
higher values was observed from Day 22 on, with significantly higher values in places.

Dose (ingkgsday) 0 (Control) 15 50 300
N= M: 20 F.20 M0 - F.20 M: 20 F:20 M: 20 F. 20
Body weioht (¢
Day 50 38%.0% 2332 % 4140 2388 = 3942 W31 3620+ 2609
| Day 324 17.2 268 156 29.8 25.7 46.3¢ 30.6%
{ Day 182 5266 % 2970 569.7 = 3045 5269 = 3076 4654 = 319.8%
y 182 49.4 209 529% 18.6 49.6 35.7 65.9%* 374
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Food consumption: In males given 300 mg/kg, a tendency toward lower values was
observed from Day 30 on. In males given 15 mg/kg, a tendency toward higher values was
observed throughout the treatment period, with significantly different changes in places.
In females given 300 mg/kg, significantly higher values were observed sporadically, but
in general, food consumption in the female groups were similar to those of the control
group throughout the treatment period.

Dose (ngkgday) 0 {Control) 15 60 300 j
N= M: 20 F: 20 M: 20 E: 20 M: 20 F:20 M:20 F: 20
Food consumption {g/dav)

. 2 >
Day 44 23221 | 169=23 | 239224 | 163218 | 23.5224 | 170232 ‘;oéf: | 166=27
Day 182 212=28 H435+15 231226 145=20 | N6=24 154=32 199+29 154=23

Ophthalmoscopy/audiology: No abnormalities were observed in the audiology test.

On macroscopic examination of the eyes, lacrimation, which was considered to be an
incidental finding, was observed sporadically in females at the middle and end of the
treatment periods. At the end of the treatment period, corneal opacity of the right eye,
which was considered to be a spontaneous finding, was observed in 1 male control rat.

In the findings at the fundus photography, evidence of anemia was observed in 1 female
given 60 mg/kg at the end of the treatment period and a linear corneal nebula, which was
considered to be a spontaneous finding, was observed in 1 male control rat at the middle
and end of the treatment periods. In the fundus photographs, incidental abnormal findings
were observed sporadically in all treated and control groups, throughout the treatment
period. : :

In some rats at each of the observation period, the fundus photographs were somewhat
obscure, but no abnormalities were observed in these photographs.

Hematology: No treatment related effects were observed.

Clinical chemistry: In males given 300 mg/kg, higher values for total protein and
albumin and lower values for triglycerides and non-esterified fatty acids were observed.
In males given 15 mg/kg or more, higher values for blood glucose, potassium and
inorganic phosphate were observed.

In females given 300 mg/kg, higher values for blood glucose and lower values for
triglycerides were observed. In females given 15 mg/kg or more, higher values for
potassium was observed.

In either sex given 300 mg/kg, higher values for cytochrome P-450 as either per unit

microsomal protein or per unit liver weight were observed, as compared with the control
groups.
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Dase (mg'ko/day) 0 {Control) 15 60 300.
N= M: 20 F: 20 M:20 F:20 M:20 F:20 M: 20 F:20
Blood chemistry
o= 20 19 20 20 16 17 19 16
Blood glucosa (mg/dL) 163 13 164 11 174 12% 165% 11 1904 144> 169+ 12 1832 17%% | 1773 1
. s . 5.21= s 04 494= 5.00= O fan
Porassium (mEgL) 4352040 | 451023 0.56%% 4.88= 0.45% 037 4.85+ 0.60¢ 04452 .92+ 0.64%
Inarganic phosphorus (me/dL) 49=04 43804 5.4 0.5%% 50:04 54=0.5%* 5.1=0.7 5.650.3%% 5.120.5
Triglyceride (mg/dL) 184 42 143+ 50 188263 144% 75 161=52 138298 65= 19%* 75= 40%¢
Free fatty acid (mEq/L) 0.3950.09 | 048=0.15 | 048+015 | 0525014 | 0.412009 | 055=0.15 00 0'73,:, 051=0.14
Albumin (27dL} 25201 20=02 2.5£01 3.0:0.3 2.6%0.1 30502 2.7+ 0.1%¢ 3.0£02
Total protein {g/dL) 6203 6.7:03 6303 69+ 0.5 64=0.2 6904 6.6 0.2%% 68204

L L 3.

i .

Urinalysis: At the middle of the treatment period, suspect positive (+) for occult blood
was observed in 1 male given 300 mg/kg, in 1 male control rat, and in 2 males given 60
mg/kg. It was observed that a marked positive (3+) for occult blood in 1 female given 60
mg/kg and in 1 female given 15 mg/kg, and suspect positive (+) in 1 female given 15

mg/kg.

At the end of the treatment period, higher values for the urine volume were observed in’
males given 300 mg/kg. Red colored blood-like urine was observed in 1 female given 60
mg/kg. Marked positive (3+) for occult blood was observed in 2 females given 15 mg/kg.

In addition, findings without a dose-relation or with very slight changes were
sporadically observed at the middle and end of treatment periods.

Dase (mgke/day) 0 (Control) B 15 60 300

N= M: 20 F: 20 M 20 F:20 M: 20 F:20 M: 20 F: 20
Urinalysis ’
n= 20 19 20 20 17 17 19 16
Urinary volume (mL) ai Week 26 9.9+23 11.0£39 11.1£23 128268 11.8=43 104240 | 14.8=58% | 11.2+351

Gross pathology: In the liver, yellowish changes were observed in males given 60 mg/kg
or more, and enlargement in males given 300 mg/kg. Depressed foci were observed in 1
male given 300 mg/kg. Whitish and dark reddish spots were observed in 1 male given 60

mg/kg, in 1 male given 15 mg/kg and in 1 male in the control group.
. 66

Dose (ing'kgiday) 0 (Control) 15 300

N= M:20 F: 20 M 28 EF:20 M: 20 F:20 M:20 F: 20
Autopsy tindines

n=, 20 19 20 20 16 17 19 16
’I&"le‘l;?\\'lv‘{seh}]\o\"l:itc: fgm:rr change 0 0 0 0 3 ! 19 !
Enlargement [ 0 ] 0 V] 0 9 0

Organ weights:

In males given 60 mg/kg or more, higher adrenals weights were observed. In males given
300 mg/kg, higher liver weights were observed. Lower values in the absolute weights or
higher values in the relative weights, due to the lower values for the final body weight
were observed for the brain, thyroid, submandibular gland, heart, lungs, kidneys and
prostate. In males given 15 mg/kg, higher values in the absolute weights or lower values
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in the relative weights, due to the higher value in the final body weight, were observed
for the heart, lungs, liver and pituitary.

In females given 300 mg/kg, higher weights for the liver and ovary, lower uterus weights
and higher values in the absolute weight of the adrenals were observed. In females given
60 mg/kg, higher values in the absolute weights of the kidney were considered to be
incidental. '

L

Dose {mgkp/day) 0 (Control) 15 .60 . 300

N= M:20 F: 20 M: 20 F:20 M:20 F: 20 M 20 F. 20

Orpan weight

1= 20 19 20 20 16 17 19 16

Absolute organ weight (g)

Adrenal 0.058= 0.075% 0.059+ 0.076= 0.066= 0.076= 0074 0.089=

0.007 0.007 0.004 0.010 Q.007%* 0.008 0.0113* 0.009#=

Liver 17505235 | 10032108 | D% | 10212100 | 19022276 | 10495137 e e

Ovary 0.076= 0.074 _ 0.030% 0.090=
‘ 0.013 0.011 0.011 0.015%*

Uterine 0.89+028 0872022 0.80+0.28 oo

Mean = 5.D., Duanett’s multiple comparison iest (vs control): *; pe0.03 %¥; p<0.01.

a) 15 animals.

Dose (mgke/day) 0 {Control) 15 60 300

N= M:20 F:20 M: 20 E:20 M: 20 F:20 M. 20 F: 20

" Organ weight

Relative orean weight (e/ke)

Liver 335230 | 3375223 | 34954236 | 33382253 | 3604289 | ssaag0 | J68% e
Adrenal 0.110:0.012 | 0.25150.026 | 0.10420.008 | 0.240a0,052 | 01265 fongio, | 0161 [0, o650
0.013¢ 0,023 :
Ovay 0.25720.045 0.245:0.043 0.26120.027 0.28140,046
Uterine 3.0150.93. 286:0.70 2.59:0.74 1,6220.35%+

Histopathology: Adequate Battery: yes (x), no ( »—explain

Peer review: yes (), no (x)
In the liver, findings included fatty degeneration of the hepatocytes in males given 15
mg/kg or more and in females given 60 mg/kg or more, swelling of the centrilobular
hepatocytes in males given 15 mg/kg or more and in females given 300 mg/kg, and
eosinophilic changes in the centrilobular hepatocytes in males given 60 mg/kg or more
and in females given 300 mg/kg. Although granulomatous lesions were observed in all
the groups, moderate to severe changes in such lesions were observed in males given 15
mg/kg or more and in females given 60 mg/kg or more. The severity and incidence of
these findings were mostly dose-related and these findings were observed more
frequently in males. Whitish and dark reddish spots and depressed foci in the
macroscopic observation were necrotic foci of hepatocytes and focal fibrosis,
respectively. Hyperplasia of the mammary grand was observed in females given 60
mg/kg or more, with lactation and atrophy of the uterus in females given 300 mg/kg.
Hypertrophy of the epithelial cells of the vagina was observed in females given 60 mg/kg
or more. The severity and incidence of these findings were dose-related. Hyperplasia of
the mammary grand was observed in all male groups, and its incidence was higher in the
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low-dose and control groups. Dilatation of the adrenal cortex was observed in males

given 60 mg/kg or more.

Males {mg/kg/day)

Females (mg/kg/day)

0

15

60

300

0

15

60

300

Fatty degeneration of hepatocytes
__no remarkable change
__slight
__moderate
severe

8

SO N

0
10

o N

9

(===

0

SO O N
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1
1
0
0

(=== R US I

Swelling of centrilob.hepatocytes
__no remarkable change
_ slight
__moderate
severe

Do ON

S OV

OO -

SO ON

7

OO =

(=]

Eosinophilic A of centrilob.hepat.
__no remarkable change
_ slight
__moderate
severe

OO

DO W

CO O =

SO O N

SO O

CON =

Granulomatous lesion
__no remarkable change
| slight
__moderate

severe

N

oo

—

S

= O

SO =N

(=]

o

Adrenal gland, dilatat. of cortex
__no’remarkable change
_ slight
__moderate
severe

SO ON

S ON =

Uterus, atrophy
__ho remarkable change
__ slight
__moderate
severe

SO O

SO X

Vagina, hypertr of mucous epith.
__no remarkable change
__slight
__moderate

severe

OO ON

S D -

S OO

Mammary gland, hyperplasia
__no remarkable change
__slight .
__moderate

severe

OO O

W

SO =

S = \O

Mammary gland, incr. secr. act.
__no remarkable change
__slight
__moderate

severe

SO O

SO O

Hepatic cyt P450 (nmol/mg prot.)

.34

J3FE

Hepatic cyt P450 (nmol/g liver)

6.7

19**
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Electron microscopy:

In the liver, increase of lipid droplets in the hepatocytes was observed in males given 15
mg/kg or more and in females given 300 mg/kg. Proliferation of the smooth surfaced
endoplasmic reticulum was observed in both sexes given 300 mg/kg.

No abnormal findings were observed in the kidneys.

Toxicokinetics: On Day 1 and in both Weeks 13 and 26, Cmax increased, and Tmax
tended to prolong, relating to the doses.

Cmax in Weeks 13 and 26 tended to increase along with the time course, compared with

that obtained in the initial dosing.

Plasma concentrations of KMD-3213 at 24 hr after dosing were detected in both sexes
given 300 mg/kg during each treatment period, but showed no time-related tendency to
increase. In both sexes given 60 mg/kg or less, the concentrations at 24 hr after dosing
were less than or near to the detection limit. '

In the control groups, plasma concentrations of KMD-3213 were lower than the

detectable limit.

Dose (mgike/day) 0 (Control) 15 60 300
N= M: 20 F. 20 M: 20 F: 20 M: 20 F: 20 M 20 F: 20
Tozicokinetics; .
, X . \ _ ) e m 431.55 519232 1421.50% 110638
Crax (0/mL) Day1 N.E. NE. 67.64% 29,42 | 91.92= 3577 15911 192.85 407.59 - 384.50
g . \ 21182 % 232.63% 726.85= 705.81% 3587.83% 3004.5 7%
Week 13 NE NE. 83.11 46.84 23089 87.53 351.03 919.38
. 321.65% 192.29= 144337 1098.13% 3810.00= 3501.65=
ook 2 N. h > ;
Week 26 NE. NE 91.80 57.06 43522 125,61 196825 67020
T (his) Day 1 N.E. NE. 05900 D5=0.0 0500 0500 0.7=03 54=104
Week 13 NE. N.E. 05%0.0 0500 08=03 0.7=03 1.0=00 1.0£00
Wesk 26 NE. NE. 03=0.0 0602 08=03 0.7=03 0.8=03 08:03"
Mean = 8.D.
N.E.: Not Evaluated.
) 4 animals.

Study title: Additional 26-week oral toxicity study of KMD-3213 in rats

Key study findings: At 0, 1, and 5 mg/kg/day, slight fatty degeneration of hepatocytes
was observed, with a non significant increase at 5 mg/kg/day in males. No other effects

were observed.

Study no.: Document No.: KMD-TX1999-204E02, Protocol No.: 10111

Conducting laboratory and location: Toxicology Research Laboratory, R&D Kissei

Pharmaceutical Co., Ltd.

Date of study initiation: 8 October 1997

GLP compliance: Japanese MHW
QA report: yes (x) no ()
Drug, lot #, and % purity: lot no. JH312, 100.1% pure
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Methods
Doses: 0, 1, and 5 mg/kg/day
Species/strain: rat, Sprague-Dawley (Sic:SD)(SPF)
Number/sex/group or time point (main study): 20
Route, formulation, volume, and infusion rate: oral (gavage) in 5 ml/kg 0.5% -
aqueous methyl cellulose
Satellite groups used for toxicokinetics or recovery: 5/sex/group
Age: 5 weeks
Weight: 131.9-162.8 g (males) and 104.8-143.5 g (females)
Sampling times:
Unique study design or methodology (if any):
Results

Mortality: No treatment related deaths occurred.

Clinical signs: Lacrimation was observed in the groups given 1 and 5 mg/kg. In males
glvcn 5 mg/kg, salivation was observed sporadically after 14 weeks.

Body weights: No treatment related effects were observed.

Food consumption: No treatment related effects were observed.

Ophthalmoscopy: No treatment related effects were observed.

Hematology: No treatment related effects were ob;erved.

Clinical chemistry: No treatment related effects were observed.

Urinalysis: No treatment related effects were observed.

Dose (mgekg/day) 0 {Confrol) ] 1 s

N= M:20 F:20 M: 20 F:20 M: 20 F.20
Noticeable findines
zl‘l:ixmgf animals died or sacvificed 0 LY 0 0 0 o
Body weiolis (g} 4795445 2851=323 S07.4+439 ‘2948297 514.4 % 43.8% 2900313
Food consumption * (g/day) 20625 15.2=24 21628 15.0=23 22025 150+29
Clinical signs ’

Lacrimation -
Salivation -
Ophthalimology -
Audiology -
Hematologv -
Blood chemistry test - - - - -
Urinalvsis - - - - - -
Organ weicht - -

]
[ I
[
t
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Mean<S.D. Dunneti’s multiple comparison test (vs control): ¢ p<0.05.
- No noticeable findmg, +: Finding noied

a) At the end of treatinent.

b) Death due to administration error,
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Gross pathology: An accentuated lobular pattern in the liver was observed in 1 male
given 5 mg/kg. '

Histopathology:

Slight fatty degeneration of the hepatocytes was observed in 6 males and 1 female given
5 mg/kg, in 2 males given 1 mg/kg and in 2 males and 2 females of the control group.
Slight hyperplasia of the mammary glands was observed in 1 female given 5 mg/kg.

Electron microscopy of the liver showed a slight increase in lipid droplets in the
hepatocytes in one male given 5 mg/kg.

Dose (mg/kg/day) 0 (Control). 1 s

N= M:20 F 20 M: 26 F:20 M 20 F:20

Necropsy findinos

1= 20 19 20 20 20 20

Liver: Clearer lobular pattam ¢} 0 0 [ 1 0

Histopathology

o= 20 19 20 20 20 20

Liver: Faity degeneration of . ” )

hepatocytes (mild) 2 2 2 Not done 6 1 (D

Mammary gland: Hyperplasia (mild) 0 0" Not done Not done 0 1? EQ;

Electron microscopy

= 1 1 1 1 1 1 6@

Liver: Increased lipid droplets in "

hepatocyies (mild) - - - Mot doue ’ - <

- No noticzable finding, +: Finding noted. i

a} 18 animals. ,g:
Toxicokinetics: Cmax increased dose dependently. In the males given 5 mg/kg, Cmax O
was elevated with increased duration of dosing at Week 13 and Week 26, compared with ,8
at the initial dose. In the groups given 1 and 5 mg/kg, the plasma concentrations of test <~z

article at 24 hours after dosing were less than the detectable limit (N.D.) for each
treatment stage.

Dose (mg'kg/day) 0 {Control) 1 H

N= M: 20 F:20 M: 20 . F:20 M: 20 F:20

Toxicokmnetics

Cmax (ngnl) Pay 1 Not done Not done 23202 25=04 9.9=49 95x44
Week 13 ‘Not done Not done 10=14 22=03 229=6.1 18173
Week 26 Not done Not done 29202 24205 665592 210%69

Tomx (hr) Day1 Not done Not done 0.7=03 05200 0500 06=02
Week 13 Not dene Not done 052 0602 05200 05200
Week 26 Not done Not done 05200 0803 0602 | 0500

Mean = SD.

) 2 animals,

Study title: Two-week intravenous toxicity study of MD127K in rats.

Key study findings: MD127K was found to be similar both in pharmacology and
toxicology to KMD-3213.

Study no.: 10302 and 10308 (Plasma concentration analysis study for 2-week
intravenous toxicity study of MD127K in rats.)
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Conducting laboratory and location: Toxicology Research Laboratory, R&D, Kissei
Pharmaceutical Co., Ltd.

Date of study initiation: 7 August 2003

GLP compliance: Japanese

QA report: yes (x)no ()

Drug, lot #, and % purity: MD127K, Lot #056-021119-1, 99.0% pure and KMD-3213,
lot #JZ011, 99.86% pure -

Methods

Doses: 0,2, 10, and 50 mg/kg/day of each compound

Species/strain: Slc:SD, SPF rat

Number/sex/group or time point (main study) 10

Route, formulation, volume, and infusion rate: intravenous, 0.1 M citric acid
buffer .

Age: 4-5 weeks

Weight: 141.0-167.0 g (males) and 115. 8 146.3 g (females)

Results:

Mortality: No deaths occurred.

Clinical signs: week 1 (observed to a lesser extent in week 2)

MD127K (/ 70 observ.) Males (mg/kg/day Females (mg/kg/day)

0 2 10 50 0 2 10 50
Deep respiration 0 4 10 32 0 3 10 24
Ptosis 0 16 26 45 0 7 12 32
Chromodacryorrhea 0 0 1 - 5 0 10 0 0
Lacrimation 0 0 2 1 0 0 1 2
Loose stool 0 0 0 0 0 0 0 0
Bloody feces 0 0 0 0 0 0 0 0
Dyspnea 0 0 0 0 0 0 0 1
Gasping 0 0 0 0 0 0 0 1
KMD-3213 (/ 70 observ.) Males (mg/kg/day) Females (mg/kg/day)

0 2 10 50 0 2 10 50
Deep respiration 0 2 8 27 0 3 7 25
Ptosis 0 24 39 50 0 10 33 43
Chromodacryorrhea 0 0 0 0 0 0 0 |
Lacrimation 0 0 1 0 0 0 1 1
Loose stool 0 0 0 3 0 0 0 2
Bloody feces 0 0 0 1 0 0 0 0
Continuous prone position | 0 0 0 0 0 0 0 1
Decrease in locomotor act. | 0 0 0 0 0 0 0 1

Body weights: No treatment related effects were observed for either KMD-3213 or
MD127K.

Food consumption: No treatment related effects were observed for either KMD-3213 or
MD127K.
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Ophthalmoscopy: No treatment related effects were observed for either KMD-3213 or

MDI127K
Hematology: No significant differences were observed between KMD-3213 and
MDI127K.
MDI127K (N=10) Males (mg/kg/day Females (mg/kg/day)

0 2 10 50 0 2 10 50
MCHC (g/dl) 36.0 35.7 35.9 35.6% |37.0 36.8 37.0 36.8
Hb (g/dh 15.6 15.2 15.6 15.8 15.8 15.7 16.0 16.3
Neutrophil (%) 12.8 16.2 133 12.7 114 11.8 10.5 12.0
Lymphocyte (%) 834 793 82.5 83.5 84.8 83.9 85.5 83.7
Monocyte (%) 14 1.8 1.5 1.3 1.2 1.5 1.4 1.3
KMD-3213 (N=10) Males (mg/kg/day Females (mg/kg/day)

0 2 10 50 0 2 10 50
MCHC ((g/d]) 36.0 36.2 36.0 35.8 37.0 36.7 36.7 36.7
Hb (g/d]) 15.6 16.0 15.6 15.8 15.8 15.8 16.2 16.6*
Neutrophil (%) 12.8 12.6 12.7 13.1 114 134 13.0 15.5%
Lymphocyte (%) 83.4 83.5 83.4 83.2 84.8 82.9 82.9 79.9%
Monocyte (%) 1.4 1.4 1.4 1.7 1.2 1.4 1.4 1.8*

Clinical chemistry: No significant differences were observed between KMD-3213 and

MDI127K.
MDI27K (N=10.) Males (mg/kg/day Females (mg/kg/day)

0 2 10 50 0 2 10 50
Albumin (%) 57.7 57.1 57.4 55.6* | 58.9 55.0* 53.8** | 559
Total protein (g/dl) 5.5 53 5.5 5.5 53 54 5.5% 5.5%
Calcium (mg/di) 10.4 10.3 10.4 10.7 10.2 10.3 10.6* - [ 104
o-globulin (%) 21.7 224 21.8 222 19.1 22.1 22.8%* [ 221
Creatinine (mg/dl) 0.4 0.4 0.4 0.4* 0.4 0.4 0.4 0.4
Triglycerides (mg/dl) 106 113 93 103 78 59 69 65
Cl- (mEg/) 105 106 106 106 108 109 107 107
KMD-3213 (N=10) Males (mg/kg/day Females (mg/kg/day)

0 2 10 50 0 2 10 50
Albumin (%) 57.7 '57.1 57.5 55.3 58.9 55.4* 55.7 54.9*
Total protein (g/dl) 5.5 5.4 5.3 5.3 5.3 5.6%* 5.7%* 54
Calcium (mg/dl) 10.4 10.4 10.6 10.4 10.2 10.5 10.6 10.2
a-globulin (%) 21.7 22.2 21.8 234 19.1 21.7* 22.4%% | 22 6**
Creatinine (mg/dl) 0.4 0.4 0.4* 0.4 0.4 0.4 0.4 0.4
Triglycerides (mg/dl) 106 101 111 ‘100 78 62 56 44*
Cl- (mEg/l) 105 106 107* 106 108 107 107 107
Urinalysis: No significant differences were observed between KMD-3213 and MD127K.
MDI27K (N=.10) Males (mg/kg/day Females (mg/kg/day)

0 2 10 50 0 . 2 10 50
Specific gravity (g/ml) 1.058 | 1.059 ]1.063 [1.057 |1.065 [1.068 | 1.068 | 1.067
Cl- (mEg/) 179 178 186 179 205 217 199 184
Urine volume (ml/day) 10.5 10.0 8.7 11.5 6.1 8.3 77 111
K+ (mEg/l) 3704 [378.1 |383.8 |341.2 [429.1 [4346 |399.8 | 3988
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