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ABSTRACT

Mitochondrial uncouplers (mUncouplers) are known to exhibit a variety of toxic effects in animals. Here we report
a safety profile of an mUncoupler, OPC-163493, recently synthesized at Otsuka Pharmaceutical Co, Ltd, and its
development as a therapeutic agent for treating diabetes. To understand the acute and subchronic toxicity of OPC-
163493, single and repeated oral dose studies in rats, dogs, and monkeys were performed. In the rat studies, rigor
mortis and increased body temperatures were observed in the high dose group. Focal necrosis, fatty change, and
granular eosinophilic cytoplasm of the hepatocytes were also observed in the high dose group. In the dog studies,
gastrointestinal manifestations were observed with decreased body weight and decreased food consumption in the
high dose group. Necrotizing arteritis was observed in multiple organs as well as meningitis with hemorrhage in
the brain. In the monkey studies, vomiting, decreased food consumption, and decreased locomotor activity were
observed in the high dose group. Degeneration of the proximal convoluted tubules and the straight tubular epithe-
lium, regeneration of the proximal tubular epithelium, and degeneration of the collecting tubular epithelium were
observed. The target organs of OPC-163493 were liver, blood vessels, and kidney in rats, dogs, and monkeys,
respectively. In rats, dogs, and monkeys, safety ratios were 100:1, 13:1, and 20:1, respectively, in terms of total
exposure (AUC.4n). These safety ratios showed clear separation between exposure to OPC-163493 in animals at
NOAEL and the exposure at the effective dose in ZDF rats. This information should contribute to the drug devel-
opment of new and effective mUncoupler candidates.

Keywords: OPC-163493, mitochondrial uncoupler (mUncoupler), liver toxicity, blood vessels toxicity, kidney
toxicity
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INTRODUCTION

OPC-163493, which has been developed
for the treatment of diabetes, is a liver-local-
ized/targeted mUncoupler (Kanemoto et al.,
2019; Okamoto et al., 2021). 2,4-Dinitrophe-
nol (DNP), a well-known drug that induces
mitochondrial uncoupling, was used in diet
pills in the 1930s. The use of DNP was
banned by the United States government be-
cause of the occurrence of harmful effects in-
cluding fatal hyperthermia and cataracts (Col-
man, 2007; Horner, 1942). On the other hand,
the toxicological profile for DNP in animals
has been reported in detail by the U.S. Depart-
ment of Health and Human Services (Satcher,
1995). Acute DNP intoxication has been well
characterized in rats and dogs and symptoms
include high fever, high heart rate and high
respiratory rate. These changes were pro-
duced by an increase in metabolic rate. How-
ever, no clear features of subacute intoxica-
tion with DNP have been observed in animals.
Cataracts, which was one of the reasons DNP
was withdrawn from medical use, developed
in a small percentage of patients at therapeutic
doses of DNP (Horner et al., 1935). However,
animal studies have not been able to induce
cataracts as observed in humans exposed to
DNP. Due to the historical background of the
severe toxicity of mUncoupler agents in hu-
mans and the toxic effects on sensory organs
(cataracts) due to clinical exposure, mUncou-
pler agents are now widely perceived as toxic
rather than therapeutic agents. However, there
are species differences in the toxicity of mUn-
coupler agents, and no obvious serious tox-
icity has been observed in long-term toxicity
studies (Satcher, 1995). Nowadays there is a
reviving interest in mUncoupling as a thera-
peutic strategy (Cunhaetal., 2011; Jastroch et
al., 2013) and several attempts (Fu et al.,
2013; Kanemoto et al., 2019; Kenwood et al.,
2013; Okamoto et al., 2021; Perry et al., 2013,
2015; Tao et al, 2014) to seek safe chemical
mUncouplers have been conducted due to
their energy consuming benefit. Among those
attempts, liver-targeted mUncoupling pro-
posed by Perry et al. is a particularly promis-
ing means of efficacious and safe treatment

for diabetes and hepatic steatosis. However,
both of two mUncouplers proposed by them
are derivatives of DNP: one is a prodrug ver-
sion (Perry et al., 2013) and the other is a con-
trolled-release formulation of DNP (Perry et
al., 2015). On the other hand, OPC-163493 is
a completely new molecular entity developed
as a liver-localized mUncoupler (Kanemoto
etal., 2019; Okamoto et al., 2021). Therefore,
it is thought that new therapeutic benefits may
be generated by clinical use in humans and
appropriate drug handling.

MATERIALS AND METHODS

Physical and chemical properties
Information regarding the physical and
chemical properties of OPC-163493 can be
found in Table 1. OPC-163493 was obtained
from the Saga Factory of Otsuka Pharmaceu-
tical Co, Ltd. The test article was stored at
room temperature and protected from light.

Table 1: Physicochemical property of OPC-
163493

Characteristic OPC-163493
Chemical formula = Ci1aHsF3NsS
Molecular Weight = 335,31
Chemical Me
S,
structure | )—@C&
N N
N:’ |
ﬁ CN

Physicochemical
Property

White crystalline powder

Purity (HPLC) >99 %

Preparation of the test article for rat and
monkey studies

The dosing suspensions were prepared in
5 % gum arabic solution (gum arabic; Sankyo
Foods Industry Corp, water for injection;
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Otsuka Pharmaceutical Factory, Inc.) to make
appropriate suspensions. The dosing solutions
were prepared at least once weekly and stored
in a cool place (1 °C to 10 °C) under protec-
tion from light. The concentrations and homo-
geneity of the test article in the dosing formu-
lations were confirmed at the test facilities.
The test article was confirmed to be stable in
the vehicle at the concentrations of 0.04, 2,
and 200 mg/mL for 1 day at room temperature
under protection from light following storage
for 8 days at temperatures not exceeding
10 °C under protection from light.

Preparation of the test article for dog
studies

The appropriate quantity was calculated
based on the most recent body weight meas-
ured, and the test article was placed in 1 cap-
sule (1/4-oz gelatin capsule, Torpac Inc.) for
the test article-treated groups for daily dosing.
The test article in the gelatin capsule was pre-
pared on appropriate days and stored at room
temperature (10 °C to 30 °C) and under pro-
tection from light until dosing.

Animal husbandry

All studies were conducted in compliance
with the Guidelines for Animal Care and Use
in Otsuka Pharmaceutical Co, Ltd. or contract
vendors, and were approved by the Institu-
tional Animal Care and Use Committee of the
testing facilities.

Sprague—Dawley rats (Crl:CD[SD]) were
used for the safety pharmacology, genotoxi-
city, and general toxicity studies. On the day
of administration, the rats were 6 or 7 weeks
old, and body weights ranged from 193 to 330
g for male and 145 to 221 g for females in the
safety pharmacology and the general toxicity
studies. For the genotoxicity studies, the rats
were 8, 9, or 10 weeks old, and body weights
ranged from 288 to 406 g for males on the day
of administration. All rats were purchased
from the Charles River Japan, Inc., and were
acclimated for at least 7 days prior to first dos-
ing. The rats were individually housed in
stainless-steel cages in a room under a 12-
hour light-dark cycle, ventilated with an air-

exchange rate of 6 to 20 times per hour, and
maintained at 19 °C to 25 °C with a relative
humidity of 35 % to 75 %.

Seven- to 8-month-old male and female
beagle dogs with body weights ranging from
7.0 to 10.4 kg for males and 6.5 to 9.1 kg for
females, bred by Covance Research Products
Inc., were purchased from Japan Laboratory
Animals Inc. All dogs were acclimated to la-
boratory conditions for 6 weeks or more prior
to dosing. The dogs were vaccinated twice
with Duramune®MX8 (Fort Dodge Animal
Health, USA) and bacteriological and proto-
zoan parasite tests were routinely conducted
to examine the microbiological status of each
dog. The dogs were individually housed in
stainless-steel cages in a room under a 12-
hour light-dark cycle. The room was venti-
lated with an air-exchange rate of 13 to 17
times per hour, and maintained at 21 °C to
25°C. The relative humidity was 50 % to
70 %. Transient increases in the humidity ex-
ceeding the upper limit and decreases in the
air-exchange rate below the lower limit oc-
curred in the housing room.

Three- to 6-year-old male and female
cynomolgus monkeys (Macaca fascicularis)
and with body weights ranging from 2.9t0 5.3
kg for males and 2.5 to 3.6 kg for females,
were purchased from Gaoyao Kangda Labor-
atory Animals Science & Technology Co.,
Ltd., Guangdong, China. All monkeys were
acclimated to laboratory conditions for 5
weeks or more prior to dosing. The monkeys
were individually housed in stainless-steel
cages inaroom under a 12-hour light-dark cy-
cle. The room was ventilated with an air-ex-
change rate of 10 to 30 times per hour, and
maintained at 23 °C to 29 °C. The relative hu-
midity was 35 % to 75 %.

Diets were procured from commercial
vendors. Animals were provided Otsuka’s in-
house tap water or filtered and irradiated wa-
ter. No contaminants were present in the diet
or water at levels which might have affected
the outcomes of the studies.
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Histopathology

The following organs or tissues of all ani-
mals were fixed in 10 % neutral buffered for-
malin: liver, gallbladder (dog and monkey),
kidneys, ureters, thymus, mandibular lymph
nodes, mesenteric lymph nodes, spleen, heart,
aorta, lungs with bronchi, trachea, larynx,
esophagus, submaxillary glands, sublingual
gland, parotid glands, tongue, stomach, duo-
denum, jejunum, Peyer’s patch, ileum, ce-
cum, colon, rectum, pancreas, urinary blad-
der, seminal vesicles, prostate, ovaries, ovi-
ducts, uterus, uterine cervix, vagina, pituitary
gland, thyroid glands, parathyroid glands, ad-
renal glands, skin, mammary glands, skeletal
muscle, brain, spinal cord, optic nerve, hard-
erian glands (rat), sciatic nerve, sternum with
bone marrow, femur with bone marrow and
stifle joint. The eyeballs were fixed in Da-
vidson’s solution, and the testes and epidi-
dymides were fixed in FSA (formalin-su-
crose-acetic acid) solution. The sternums, fe-
murs, vertebrae and stifle joints were decalci-
fied after fixation. According to the standard
methods, the tissues were embedded in paraf-
fin. For all animals of the control and high-
dose groups, the paraffin block tissues were
thinly sectioned and stained with hematoxylin
and eosin (H.E.), and light microscopic exam-
ination was conducted. The kidneys, testes
and epididymides were further stained with
periodic acid-Schiff (PAS).

Electron microscopy in liver and kidney af-
ter 4-week toxicity studies in rats and dogs
The samples of the liver and kidney (right
cortex) were obtained from 2 males and 2 fe-
males of the control and high dose groups af-
ter the dosing and recovery periods. The tis-
sue samples obtained were pre-fixed in a mix-
ture of 2.5 % glutaraldehyde and 2 % para-
formaldehyde, post-fixed in 1 % osmium te-
troxide, stained en bloc with uranyl acetate,
dehydrated with a graded series of acetone,
and embedded in epoxy resin. Depending on
the histopathological findings, the livers (cen-
tral zone) of the animals of the control and
high dose groups were subjected to the trans-
mission electron microscopy. In addition, the

liver (intermediate zone) of the animal of the
high dose group was subjected to transmis-
sion electron microscopy. The specimens em-
bedded in epoxy resin were sectioned ultra-
thinly using an ultramicrotome, stained with
lead citrate, and observed with a JEM-
1400Plus transmission electron microscope
(JEOL, Japan). In the animals after comple-
tion of the recovery period, the transmission
electron microscopy was not conducted in the
liver because there was no test article-related
abnormality in the liver at the end of the re-
covery period. For the kidney samples ob-
tained at the end of the dosing and recovery
periods, the transmission electron microscopy
was not conducted because there was no test
article-related abnormality in the kidney.

Statistical analysis

The following data obtained during the
dosing period were analyzed by one-way
analysis of variance for homogeneity in rats,
dogs and monkeys; body weight, body weight
gain, food consumption, body temperature
and organ weights as well as the results of he-
matology, blood biochemistry, electrocardi-
ography except for the cardiac rhythms, elec-
troretinography, and urinalysis (except for the
semiquantitative paper test). When significant
(p < 0.05) difference was found in one-way
analysis of variance, Dunnett’s test was used
for comparisons between the vehicle control
and treated groups. Urine pH was analyzed by
the Dunnett’s test using rank transformation,
when significant (p < 0.05) difference was
found in the Kruskal-Wallis rank test for ho-
mogeneity of variance. For the analysis of the
other semiquantitative urinalysis data, exact
rank-sum test for 2 x k table was used. A
paired t-test against the data recorded before
the dosing period was performed for the re-
sults of hematology in dogs and monkeys,
blood biochemistry and urinalysis (quantita-
tive), and the data recorded before the dosing
on Day 1 was also performed for the results
of electrocardiography except for the cardiac
rhythms, body temperature, and electroretino-
graphy. Regarding the data from the recovery
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period in rats, the t-test with F-test for homo-
geneity of variance was used for the inter-
group comparisons of the body weight, body
weight gain, food consumption, and organ
weights as well as hematology, blood bio-
chemistry, and urinalysis (except for the sem-
iquantitative paper test). Wilcoxon rank sum
test was used for the inter-group comparisons
of urine pH, and inter-group comparisons of
semiquantitative urinalysis data, other than
urine pH, were performed using exact rank-
sum test for 2 x k table. For the recorded data
in the 4-week recovery period, statistical anal-
ysis was not conducted in dogs and monkeys.
The significance tests were performed in two-
tailed analyses and statistical significance was
presented either at the 5 % or 1 % level.

Toxicokinetics

Approximately 0.5 mL of blood was col-
lected from the jugular vein into a heparinized
syringe under unanesthetized condition from
all animals of the TK group. Blood samples
were collected at 1, 2, 4, 8 and 24 hours post-
dose on Days 1 and 14. The plasma concen-
trations of OPC-163493 and M29501 (major
metabolite: Acyl Glucuronides; Supplemen-
tary Table 1) were determined using high-per-
formance liquid  chromatographic-elec-
trospray ionization tandem mass spectrome-

try.

Tissue concentrations in liver and kidney
after 4-week toxicity studies in rats, dogs,
and monkeys

Liver and kidney samples were obtained
from 4-week oral toxicity studies in rats (300
mg/kg), dogs (100 mg/kg), and monkeys (50
mg/kg). The quantitative assay for OPC-
163493 and M29501 in the liver and kidney
homogenates used the high-performance lig-
uid chromatographic-electrospray ionization
tandem mass spectrometry (LC-MS/MS)
method.

Experimental designs

Oral gavage was selected due to the in-
tended clinical route of OPC-163493. Dose
settings, duration periods and animal numbers
were in accordance with OECD and ICH
guidelines (Supplementary Table 2). Obser-
vations, measurements, and examinations for
toxicity studies are shown in Supplementary
Table 3.

RESULTS

Single dose toxicity in rats (Non-GLP)

Death occurred in 1 female at 1000 mg/kg
and in all males and females at 2000 mg/kg.
The approximate lethal dose was estimated to
be between 1000 and 2000 mg/kg for male
rats and between 300 and 1000 mg/kg for fe-
male rats. The results of observations, meas-
urements, and examinations are shown in
Supplementary Table 4.

Preliminary 2-week repeated dose toxicity
study in rats (Non-GLP)

Three males and 3 females died or were
sacrificed moribund at 600 mg/kg/day. Hypo-
activity, salivation, and flaccidity and dilata-
tion of the scrotum, as well as body weight
loss with decrease in food consumption, were
noted in the early stage of the dosing period.
In these animals, the histopathology showed
focal necrosis of hepatocytes, necrosis of
hepatocytes in the central zone of lobules, ne-
crosis of subcapsular hepatocytes, balloon-
like hepatocytes, hypertrophy of hepatocytes,
and granular eosinophilic cytoplasm of
hepatocytes in the liver, hypertrophy of tran-
sitional cells in the renal pelvis, ureter, and
urinary bladder, increase of extramedullary
hematopoiesis in the spleen, and necrosis of
the islet cells in the pancreas (Figure 1). The
plasma concentrations of OPC-163493 were
elevated in a dose-related manner in both
sexes, and no remarkable gender differences
were observed. The results of observations,
measurements, and examinations are shown
in Supplementary Table 5.
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Figure 1: Histopathological findings in liver. control (a)(c)(e), 600 mg/kg (b)(d)(f); a, No abnormalities
detected. b, Focal necrosis of hepatocytes in the central zone of lobules( N ) are seen. ¢, No abnormal-
ities detected. d, Many balloon—like hepatocytes (arrows) are seen. No abnormalities detected. e, No
abnormalities detected. f, Diffuse granular eosinophilic cytoplasm of hepatocytes are seen. No abnor-
malities detected. Histopathological findings in pancreas. control (g), 600 mg/kg (h), g, No abnormalities
detected. No abnormalities detected. h, Several necrotic islet cells (arrows) are seen. No abnormalities
detected. Histopathological findings in kidney. control (i), 600 mg/kg (j), i, No abnormalities detected.
No abnormalities detected. j, Hypertrophy of transitional cells are seen. Arrows: transitional epithelium

Four-week repeated dose toxicity study with
4-week recovery test in rats (GLP)

Four females died at 300 mg/kg/day.
Emaciation, stains around the nose, stains in
the periproct, loose stool, reddish urine, and
salivation, as well as body weight loss with
decrease in food consumption, were noted. In
these animals, the histopathology showed hy-
perplasia of the transitional cells in the renal
pelvis and urinary bladder, necrosis of the is-
let cells in the pancreas, and degeneration/ne-
crosis of the muscle fibers. New histopatho-
logical findings that were not observed in the
2-week study, degeneration of lens fibers,
apoptotic cells in retina, the infarction in kid-
ney, foamy cells in lung and degeneration/ne-
crosis of muscle fibers in skeletal muscle ob-
served in the 300 mg/kg group (Figure 2). En-
largement of mitochondria was observed in
the hepatocyte (Figure 3). The changes noted
during the dosing period in the 300 mg/kg
group were no longer evident during the re-
covery period. The no observed adverse effect
level (NOAEL) was estimated to be 30

mg/kg/day for males and 100 mg/kg/day for
females. At the NOAEL, the plasma Cmax and
AUC2sn of OPC-163493 at Week 4 were re-
spectively 12.03 pg/mL and 99.90 pg-h/mL
in males and 49.35 pg/mL and 397.6 pg-h/mL
in females. The results of observations, meas-
urements, and examinations are shown in Ta-
ble 2.

Thirteen-week repeated dose toxicity study
in rats (GLP)

No deaths occurred at any dose. Hypertro-
phy of the hepatocytes was observed in the 30
and 100 mg/kg groups. Slightly increased
liver weight was observed in the 100 mg/kg
group. In addition, slightly increased TBI and
CHO were observed in the 100 mg/kg group.
These changes were considered to be of no
toxicological significance since no damage or
degenerative changes of the liver cells were
observed in the group. The NOAEL was esti-
mated to be 100 mg/kg/day for both males and
females. At the NOAEL, the plasma Cmax and
AUC24 of OPC-163493 at Week 13 were res-
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Figure 2: Histopathological findings in lens. control (a), 300 mg/kg (b), a, No abnormalities detected. b,
Degeneration of lens fibers (arrows) are seen. Histopathological findings in retina. control (c), 300 mg/kg
(d), ¢, No abnormalities detected. d, Apoptotic cells (arrows) are seen. Histopathological findings in
kidney (e), 300 mg/kg, The infarction (I) is seen. Necrosis and inflammatory cells infiltration in the le-
sions. Histopathological findings in lung. control (), 300 mg/kg (g), f, No abnormalities detected. g, Many
foamy cells (arrows ) are seen. Histopathological findings in skeletal muscle. control (h), 300 mg/kg (i),
h, No abnormalities detected. i, Degeneration/necrosis of muscle fibers (arrows) are seen.

Figure 3: Elec-
tron micro-
graph of the
hepatocyte in
the liver. con-
trol (a), 300
mg/kg (b), a,
Normal shaped
mitochondria
are seen. b,
Enlargement of
mitochondria
(arrows) are
seen. (Original
magnification x
5,000)

pectively 36.16 pg/mL and 459.1 pg-h/mL in
males and 56.16 pg/mL and 477.0 pg-h/mL

in females. The results of observations, meas-
urements, and examinations are shown in
Supplementary Table 6.

Single dose toxicity in dogs (Non-GLP)

No deaths occurred at any dose. Vomit-
ing, diarrhea, loose stool, and low food con-
sumption were transiently observed in both
sexes at 300 and 600 mg/kg. The results are
shown in Supplementary Table 7.

Preliminary 2-week repeated dose toxicity
study in dogs (Non-GLP)

No deaths occurred at any dose. However,
marked decreases in food consumption and
body weight with deterioration of general
condition were observed in one female in the
600 mg/kg group in the last 2 days of the ad-
ministration period. Vomiting, diarrhea, mu-
cous stool, loose stool, and/or stool with red
materials were observed in the treated ani-
mals. Salivation was observed in the 600
mg/kg group. Decreased body weight was ob-
served in the 100 and 600 mg/kg groups, and
low food consumption was observed in the
600 mg/kg group. For the hematology and blood
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Table 2: Four-week repeated-dose oral toxicity study in rats with 4-week recovery test

Dose (mg/kg/day) 0 (Control)2 30 100 300
Number of Animals M: 10, F: 10 . .
M: 10, F: 10 M: 10, F: 10 M: _10’ Fj 10

(Recovery Group) (M: 5, F: 5) (M: 5, F: 5)
Number of Deaths M:0,F:. 0 M:0,F: 0 M:0,F: 0 M:0,F: 4
General Condition

F: Emaciation, stains around the nose, loose stool, stains in the
Dead animals Not applicable periproct, reddish urine, salivation

M: Not applicable
Surviving animals NA NA NA M, F: Salivation F: Stain around the nose
Body Weight
Dead animals Not applicable F: Decreased M: Not applicable
Surviving animals NA NA NA M: Decreased F: Suppressed gain
Food Consumption NA NA NA NA
Dead animals Not applicable F: Decreased M: Not applicable
Surviving animals NA NA NA NA
Body temperature NA NA NA M:Increased® F: NA

M: Increased Hb. Ht M, F: Decreased Eos, Shortening APTT
Hematology NA NA N . ! M: Increased Hb, Ht, RBC, Decreased Neut, Shortening PT
F: Shortening APTT .

F: Increased RET

M, F: Increased ALT, ALP, TBI, CHO, PL
Blood Biochemistry NA NA NA M: Increased AST, BUN

F: Increased TG
Urinalysis NA NA NA NA
Ophthalmology NA NA NA NA
Necropsy

F: Soiled fur, small size of the spleen, thymus and mesenteric lymph

. . node, enlargement of the adrenal, discolored focus in the stomach,

Dead animals Not applicable . -

small amount of the adipose tissue

M: Not applicable
Surviving animals NA NA m/:e?:f_cgllzred focus of the M, F: Discolored focus of the stomach and kidney
Organ Weight NA NA NA F: Increased liver M: NA
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Table 2 (cont): Four-week repeated-dose oral toxicity study in rats with 4-week recovery test

Histopathology

F: Hyperplasia of the transitional cells in the renal pelvis and urinary
bladder, necrosis of the islet, atrophy in thymus, erosion in the glandu-
lar stomach, degeneration/necrosis of the muscle fibers

M: Not applicable

Dead animals Not applicable

M, F: Hypertrophy of the hepatocytes , granular eosinophilic cytoplasm
of the hepatocytes, Degeneration of the lens fiber, Infarction of kidney,
Necrosis of the islet cells, Foamy cells in the alveoli of lung and bron-
chus

M: Focal necrosis of the hepatocytes

M: Hypertrophy of the
hepatocytes, subcapsular
necrosis of the hepato-
cytes

Surviving animals NA NA

F: Swelling, enlargement and increase in the number of mitochondria
NA NE NE in the hepatocytes of the central zone in the liver, increase of the lipid
droplet in the hepatocytes of the intermediate zone

Electron Microscopy
(Liver)

M, F: The changes during the dosing period were no longer evident

Recovery NA NE NE during the recovery period

NOAEL M: 30 mg/kg/day, F: 100 mg/kg/day

Toxicokinetics®

Number of Animals? M:3,F: 3 M: 6, F: 6 M:6,F: 6 M: 9, F: 9¢
Crmax (Hg/mL)/AUCZ4h (pg-h/mL) Crmax AUC Chmax AUC Crmax AUC
M Day 1 10,1 97,27 26,99 300,4 52,11 625,2
Week 4 12,03 99,9 33,54 368,9 91,69 1400
OPC-163493
. Day 1 14,54 97,78 33,33 416,6 51,79 820,3
Week 4 16,84 95,19 49,35 397,6 91,81 1183
M Day 1 2,267 21,62 5,924 66,61 9,567 130,2
Week 4 1,965 16,97 5,505 73,78 27,6 406,1
M29501
F Day 1 1,626 12,66 4,706 54,18 5,978 101,1
Week 4 1,459 10,28 5,91 54,47 21,07 292,3

Day 1 = first day of administration; F = female; M = male; NA = no abnormality; NE = not examined.

&The vehicle (5 % gum arabic aques solution) was administered.

®This finding was considered to be attributable to pharmacological action.

“Values for each sex are the mean for 3 animals.

d0ne female at 300 mg/kg/day was found dead on Day 20. No findings related to the cause of death were observed in the animal.
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biochemistry, the following changes were ob-
served in the 600 mg/kg group: increased
WBC, Neut, BUN, ALP, CHO, PL, and Bil
and decreased CRE, BUN, and Glu. Abnor-
mal contents in the gallbladder were observed
in the 600 mg/kg group. For the histopathol-
ogy, the following changes were observed in
the 600 mg/kg group: thinning and increase of
mitotic figures in the mucosal epithelium in
the renal pelvis, hyperplasia of the mucosal
epithelium covering the renal papilla, pyelitis,
hyperplasia and thinning of the mucosal epi-
thelium of the ureter and urinary bladder, in-
crease of mitotic figures in the mucosal epi-
thelium of the ureter, hypertrophy of the cor-
tical cells at the glomerulosa/fasciculata
boundary, necrosis and degeneration of the
zona glomerulosa cells in the adrenal glands,
focal atrophies of the parotid, submaxillary,
and zygomatic glands, lobular atrophy of the
sublingual gland, nesidioblastosis in the pan-
creas, meningitis with hemorrhage in the
brain, and meningitis of the spinal cord (Fig-
ure 4). Necrosis, thinning, and hyperplasia of
the mucosal epithelium in the renal pelvis was

N i 10X 10%

“10x

observed in the 100 mg/kg group. Meningitis
with hemorrhage in the brain was observed in
the 100 mg/kg group. The results of observa-
tions, measurements, and examinations are
shown in Supplementary Table 8.

Four-week repeated dose toxicity study with
4-week recovery test in dogs (GLP)

No deaths occurred during either the dos-
ing or recovery period. However, decreases in
food consumption and body weight were ob-
served in 1 male in the 100 mg/kg group at
Week 2 and thereafter. For the other treated
animals, vomiting, diarrhea, and loose stool
were observed in the 100 mg/kg group. De-
creased body weight was observed in the 100
mg/kg group. Increased Cl and Neut were ob-
served in the 100 mg/kg group. Positive reac-
tions for occult blood and RBC in the sedi-
ment were observed in the 100 mg/kg group.
Small amounts of abnormal contents in the
gallbladder were observed in the 30 and 100
mg/kg groups. In addition to the systematic
arteritis observed in the 2-week study, en-
largement of the medial iliac lymph nodes,

10X 208 R N

R R AT

Figure 4: Histopathological findings in renal pelvis in kidney. control (a), 100 mg/kg (b), 600 mg/kg (c),
a, No abnormalities detected. b, Many necrotic cells (arrows) are seen in the mucosa. ¢, Thinning of the
mucosal epithelium. Histopathological findings in adrenal. control (d), 600 mg/kg (e)(f)(g), d, No abnor-
malities detected, e, Hypertrophy of the cortical cells at glomerulosa/fasciculate boundary (arrows) are
seen. f, g, Necrosis and degeneration of the glomerulosa cells are seen. Degenerative cells show vac-
uolated cytoplasma. Many necrotic cells (arrows) are also seen in the same lesion. g: zona glomerulosa,
f. zona fasciculate, arrows: glomerulosa/ fasciculate boundary. Histopathological findings in brain. 600
mg/kg (h), h, Inflammatory cells infiltration and hemorrhage are seen in the meninges.
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yellowish brown pigment deposition in the
hepatocytes and necrosis of the mucosal epi-
thelium in the renal pelvis were observed in
the 100 mg/kg group. New histopathological
findings that were not observed in the 2-week
study, degeneration/necrosis of germ cells in
the testis was noted in the 100 mg/kg group
(Figure 5). The changes noted during the dos-
ing period were no longer evident during the
recovery period in the clinical observations,
body weights, food consumption, hematol-
ogy, blood biochemistry, necropsy, or organ
weights. The plasma concentrations of OPC-
163493 were elevated in a dose-related man-
ner in both sexes, and no remarkable gender
differences were observed. The NOAEL was
estimated to be 10 mg/kg/day for both males
and females. At the NOAEL, the plasma Cmax
and AUC2sn of OPC-163493 at Week 4 were
respectively 5.193 pg/mL and 31.89 pg-h/mL
in males and 7.614 pg/mL and 54.24 pg-h/mL
in females. The results of observations, meas-
urements, and examinations are shown in Ta-
ble 3.

Figure 5: Histo-
e St pathological find-
b e BT ks, TR ings in testis.
e SO b8 oYy Conrol (a), 100
5 . mg/kg (b), a, No
45+ abnormalities de-
tected. b, Degen-
eration/ necrosis of
e . germ cells (arrows)
3. TR 5SS are seen.

Thirteen-week repeated dose toxicity study
in dogs (GLP)

No deaths occurred during the dosing pe-
riod. Decreased body weight or suppressed
body weight gain and decreased food con-
sumption were observed in the 50 mg/kg
group. For the organ weights and histopathol-
ogy, decreased thymus weight and atrophy of
the thymus were observed in the 50 mg/kg
group. New histopathological findings that
were not observed in the 4-week study, necro-
sis of the intestinal wall in ileum and focal in-
flammation of the esophageal gland in the
esophagus was observed in the 50 mg/kg
group (Figure 6). The plasma concentrations
of OPC-163493 were elevated in a dose-re-
lated manner in both sexes, and no remarkable
gender differences were observed. The NO-
AEL was estimated to be 10 mg/kg/day for
males and 50 mg/kg/day for females. At the
NOAEL, the plasma Cmax and AUCaan of
OPC-163493 at Week 13 were respectively
7.604 pg/mL and 57.92 pg-h/mL in males and
13.97 pg/mL and 146.2 pg-h/mL in females.
The results of observations, measurements,
and examinations are shown in Supplemen-
tary Table 9.

? c

20X 10X

Figure 6: Histopathological findings in intestine.
50 mg/kg (a), Hyper view from lesion (b), a, The
intussusception is seen. b, Peritonitis, necrosis
and hemorrhage of intestinal walls are seen. His-
topathological findings in esophagus. Control (c),
50 mg/kg (d), c, No abnormalities detected. d, Fo-
cal inflammation of esophageal gland (arrows) is
seen.
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Table 3: Four-week repeated-dose oral toxicity study in dogs with 4-week recovery test

Dose (mg/kg/day) 0 (Control)a 3 10 100
Number of Animals M:3, F: 3 M:3, F: 3 M:3, F: 3 M:3, F: 3
(Number in Recovery Test) M:2,F: 2) M:2,F: 2)
Number of Deaths M:0, F: 0 M:0, F: 0 M:0, F: 0 M:0, F: 0

M: Stool containing test article- | M, F: Vomiting, diarrhea, loose stool, stool containing test
General Condition NA NA like substance article-like substance

F: NA M: Mucous stool, hypoactivity, emaciation
Body Weight NA NA NA M: Decreased F: NA
Food Consumption NA NA NA M: Decreased F: NA

M: Increased WBC, Neut, Mono, Luc, Decreased Hb, Ht,

Hematology NA NA NA RBC, Lym, Prolonged APTT

F: Increased Neut

M: Increased a2, 3-globulin, Cl, Decreased CK, ALT, ALB,

Blood Biochemistry NA NA NA A/G, BUN, GLU, CRE, Ca, Na, CI
F: NA

Urinalysis NA NA NA M Increa;ed urine volume, decreased urine osmolity RBC
in the sediment

Ophthalmology NA NA NA NA

Audiology NA NA NA NA

Electrocardiography NA NA NA NA

Body Temperature NA NA NA M: Increased F: NA

M, F: Abnormal contents in the gallbladder

M: Abnormal contents in M: Small thymus, discoloration of the mucosa i_n the corpus

Necropsy NA thé gallbladder NA of the stomach, small amounts of the adipose tissue in the
subcutis and abdomen

F: Enlargement of the medial iliac lymph nodes

Organ Weight NA NA NA M: Increased adrenal glands, Decreased thymus F: NA
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Histopathology

NA

NA

NA

M, F: yellowish brown pigments‘ deposition in the he-
patocytes

M: necrotizing arteritis in the right and left coronary arte-
ries, myocardial necrosis in the right atrium and right
ventricle and myocardial fibrosis in the right and left ventric-
les, necrotizing arteritis in aorta, esophagus, stomach, kid-
ney, prostate, urinary bladder and skeletal muscle, erosion
in the corpus in stomach, immature in prostate, atrophy of
the muscle fibers in skeletal muscle, meningitis with hemor-
rhage in brain, increases of the neutrophils in the sinusoid,
microgranuloma and atrophy of the hepatocytes, gra-
nulocytic hyperplasia in bone marrow, increases of the
neutrophils in the red pulp and atrophies of the follicles and
periarterial lymphoid sheaths in spleen, degeneration and
necrosis of the germ cells, exfoliated germ cells in the epi-
didymal duct and apoptosis of the epithelial cells, hypertro-
phy of the cortical cells at the glomerulosa/fasciculata
boundary, atrophy in thymus, atrophies of the follicles and
paracortex in mandibular lymph node, retropharyngeal
lymph node and mesenteric lymph node

F: necrosis of mucosal epithelium in the renal pelvis, blood
absorption in medial iliac lymph node

Electron Microscopy

NA

Not performed

Not performed

M, F: lipofuscin granules were observed as dense bodies
which are single-membrane-bound structure and contain li-
pid droplets

Recovery

NA

Not performed

Not performed

M: arteritis in the left coronary artery, characterized by thi-
ckening of the intima and periarterial lymphocyte infiltration
in heart, degeneration and necrosis of the germ cells and
multinucleated giant cell formation in seminiferous tubules,
exfoliated germ cells in the epididymal duct

NOAEL

M, F: 10 mg/kg/day

ToxicokineticsP

Cmax (U@/mL)/AUC24h (ug-h/mL)

Cmax

AUC

Cmax

AUC

Cmax AUC

OPC-163493

Day 1

31

27,01

4,659

40,47

13,23 185,1

Week 4

2,321

16,25

5,193

31,89

28,41 281,7

Day 1

2,596

21,54

5,921

76,12

20,09 281,2

Week 4

3,11

21,28

7,614

54,24

24,29 249,8

M29501

Day 1

0,03289

0,2537

0,05099

0,4583

0,1937 2,451

Week 4

0,02074

0,1238

0,05507

0,3338

2,831 22,63
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Day 1 0,02133 0,1457 0,07116 0,7528 0,2784 3,648
Week 4 0,01925 0,09146 0,06404 0,4926 1,931 16,09

Day 1 = first day of administration; F = females; M = males; NA = no abnormality.
aEmpty gelatin capsules were administered.
®Values for each sex are the mean for 3 or 5 animals.
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Single dose toxicity study in monkeys (Non-
GLP)

No deaths occurred at any dose. Vomiting
was observed at a low frequency for both
sexes at 300 and 1000 mg/kg. Low food con-
sumption was transiently observed in males at
1000 mg/kg. The results are shown in Supple-
mentary Table 10.

Preliminary 2-week repeated dose toxicity
study in monkeys (Non-GLP)

All males and females died or were sacri-
ficed moribund at 100 and 1000 mg/kg/day.
The following changes in these animals were
observed in general condition, body weight,
food consumption, hematology, blood bio-
chemistry, necropsy, organ weights, and his-
topathology: vomiting, diarrhea, loose stool,

twitch, a decrease in locomotor activity, prone
position, lateral position, crouching position,
decreased body weight, decreased food con-
sumption, increased platelets, neutrophils,
and monocytes, decreased lymphocytes, in-
creased total bilirubin, BUN, CRE, TG, P, and
K, decreased Na and Cl, distension of the
stomach, emaciation, increased kidney
weight, degeneration/necrosis of proximal
convoluted tubular epithelium, degenera-
tion/necrosis of proximal straight tubular epi-
thelium, regeneration of proximal convoluted
tubular epithelium, dilatation of distal tubule
and hyaline cast in the kidney, and atrophy of
mucosa in the esophagus and stomach (Figure
7). The results of observations, measure-
ments, and examinations are shown in Sup-
plementary Table 11.

Figure 7: Histopathological findings of proximal convoluted tubules in kidney. Control (a), 1000 mg/kg
(b) , a, No abnormalities detected. b, Degeneration and necrosis (arrows) of proximal convoluted tubular
epithelium are seen. Histopathological findings of proximal straight tubules in kidney. Control (c), 1000
mg/kg (d), c, No abnormalities detected. d, Degeneration and necrosis of proximal convoluted tubular
epithelium are seen. Histopathological findings in adrenal. control (e), 1000 mg/kg (f), e, No abnormali-
ties detected, f, Hypertrophy of the cortical cells at glomerulosa are seen. g: zona glomerulosa, f: zona

fasciculate
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Four-week repeated dose toxicity study with
4-week recovery test in monkeys (GLP)

One male died at 50 mg/kg/day. Loose
stool and/or diarrhea was observed in the 50
mg/kg group. New histopathological findings
that were not observed in the 2-week study,
degeneration of collecting tubular epithelium
in the kidney and hyperplasia of mucosal epi-
thelium in the urinary bladder were observed
in the 50 mg/kg group (Figure 8). The
changes noted during the dosing period were
no longer evident during the recovery period
in the clinical observations, food consump-
tion, hematology, blood biochemistry, nec-
ropsy, or histopathology of the 50 mg/kg/day
group. The plasma concentrations of OPC-
163493 were elevated in a dose-related man-
ner in both sexes, but no remarkable gender
differences were observed. The NOAEL was
estimated to be 30 mg/kg/day for both males
and females. At the NOAEL, the plasma Cmax
and AUC24n of OPC-163493 at Week 4 were
respectively 12.07 pg/mL and 102.9 pg-h/mL
in males and 8.223 pg/mL and 72.14 pg-h/mL
in females. The results of observations, meas-
urements, and examinations are shown in Ta-
ble 4.

*:.‘\ » .‘.." .:'.;- A :

("'L... .—v»ga.i}‘ e S 10K
Figure 8: Histopathological findings in kidney.
Control (a), 50 mg/kg (b), a, No abnormalities de-
tected, b, Hyperplasia of mucosal epithelium are
seen. Histopathological findings in urinary blad-
der. Control (c), 50 mg/kg (d), ¢, No abnormalities
detected, d, Hyperplasia of mucosal epithelium
are seen.

;‘.’4‘ BT y €

Thirteen-week repeated dose toxicity study
in monkeys (GLP)

No deaths occurred during the dosing pe-
riod. The following changes in 1 male animal
of the 40 mg/kg group were observed in the
body weight, hematology, blood biochemis-
try, urinary biomarker, body temperature, or-
gan weight, necropsy, and histopathology: de-
creased body weight, decreased RET, in-
creased BUN, decreased CRE, Na, and Cl, in-
creased calbindin, decreased body tempera-
ture, dilatation of distal tubules, regeneration
of distal tubular epithelium, granular cast of
collecting tubules, and foreign body granu-
loma of interstitium in the kidney (Figure 9).
The plasma concentrations of OPC-163493
were elevated in a dose-related manner in
both sexes, and no remarkable gender differ-
ences were observed. The NOAEL was esti-
mated to be 20 mg/kg/day for males and 40
mg/kg/day for females. At the NOAEL, the
plasma Cmax and AUC24n of OPC-163493 at
Week 13 were respectively 13.81 pg/mL and
91.44 pug-h/mL in males and 12.62 pug/mL and
96.10 pg-h/mL in females. The results of ob-
servations, measurements, and examinations
are shown in Supplementary Table 12.

Figure 9: Histopathological findings in kidney.

Control (a), 40 mg/kg (b), a, No abnormalities de-
tected. b, Regeneration (arrows) of distal tubular
epithelium are seen. Histopathological findings of
collecting ducts in kidney. Control (c), 40 mg/kg
(d), ¢, No abnormalities detected. d, Granular
casts in collecting tubules are seen. Histopatho-
logical findings in cortex in kidney. 40 mg/kg (e),
Foreign body granuloma (arrows) in the interstit-
ium are seen.
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Table 4: Four-week repeated-dose oral toxicity study in monkeys with 4-week recovery test

Dose (mg/kg/day) 0 (Control)2 10 30 50
Number of Animals M: 3, F: 3 M: 3, F: 3
. M:3, F: 3 M:3, F: 3
(Number in Recovery Test) M:2,F: 2) (M:2,F:2)
Number of Deaths M:0, F: 0 M:0, F: 0 M:0, F: 0 M:1, F: 0
. M, F: loose stool M: a decrease in locomotor activity, moribun-

General Condition . .
dity, diarrhea

Body Weight NA NA NA NA

Food Consumption NA NA NA M: Decreased

Hematology NA NA NA M: Increased Hb, MCHC, Plate, Mono, decreased MCV

Blood Biochemistry NA NA NA M: Increased BUN, CRE, TG, TP, P, K, decreased Na, ClI

Urinalysis NA NA NA NA

Urinary biomarker NA NA NA NA

Ophthalmology NA NA NA NA

Audiology NA NA NA NA

Electrocardiography NA NA NA NA

Body Temperature NA NA NA NA

Necropsy NA NA NA M: sr_nall thymus, enlargement of the adrenal, discoloration of
the kidney cortex

Organ Weight NA NA NA NA
M: degeneration/hyperplasia of urothelium of papilla, degenera-
tion of proximal convoluted and straight tubular epithelium, dila-
tation of distal tubule, regeneration of proximal tubular epithe-
lium, and degeneration of collecting tubular epithelium in kid-
ney, degeneration/hyperplasia of mucosal epithelium in urinary

Histopathology NA NA NA bladder, degeneration of mucosal epithelium in ureter, hyper-
trophy of cortical cell in the fascicular and glomerular zone in
adrenal, atropy in thymus, atrophy of white pulp in spleen, atro-
phy of lymph follicle in mesenteric lymph nodes, a decrease in
zymogen granule in pancreas, diffuse atrophy of acinar cell in
submandibular and parotid glands
The changes noted during the dosing period were no longer

Recovery NA Not performed Not performed evident in the clinical observations, food consumption, hemato-

logy, blood biochemistry, necropsy or histopathology.

229



EXCLI Journal 2022;21:213-235 — ISSN 1611-2156
Received: October 15, 2021, accepted: December 23, 2021, published: January 11, 2022

NOAEL | M, F: 30 mg/kg/day
Toxicokinetics?
Crmax (Ug/MLY/AUC24n (pg-h/mL) Crnax AUC Crax | AUC Crnax AUC
Day 1 3,906 32,63 18,32 79,68 20,73 168,2
M Week 4 2,968 30,27 12,07 102,9 17.91¢ 167.9¢
OPC-163493
F Day 1 2,972 15,28 10,71 59,63 20,31 148,2
Week 4 2,262 17,44 8,223 72,14 17,02 164,5
M Day 1 0,1267 1,017 0,9661 3,27 2,317 14,41
M29501 Week 4 0,1256 1,179 0,9865 6,104 4.974c 35.59¢c
. Day 1 0,09441 0,4493 0,7169 2,862 1,841 12,16
Week 4 0,08242 0,6062 0,4723 3,959 2,76 19,09

Day 1 = first day of administration; F = females; M = males; NA = no abnormality.
aThe vehicle (5% gum arabic aques solution) was administered.

bValues for each sex are the mean for 3 or 5 animals.

“Values are the mean for 4 animals.
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Tissue concentrations of OPC-163493 and
M29501 in liver and kidney (Non-GLP)

In the rats of the 300 mg/kg group, the
liver concentrations of OPC-163493 and
M29501 were 79.90 + 38.23 and 51.43 +
20.83 pg/g tissue for male, and 85.37 +27.88
and 72.94 + 57.96 ng/g tissue for female, re-
spectively. The kidney concentrations of
OPC-163493 and M29501 were 30.50 *
21.11 and 57.21 £21.08 pg/g tissue for male,
and 27.62 + 10.53 and 66.21 + 79.10 pg/qg tis-
sue for female, respectively. In the dogs of the
100 mg/kg group, the liver concentrations of
OPC-163493 and M29501 were 3.598 +
0.074 and 4.550 + 2.475 ug/g tissue for male,
and 7.197 + 6.227 and 5.626 + 6.698 ng/g tis-
sue for female, respectively. The kidney con-
centrations of OPC-163493 and M29501
were 2.411 £ 1.146 and 1.774 £ 1.586 ng/g
tissue for male, and 4.408 + 5.535 and 0.7950
+ 1.0896 ng/g tissue for female, respectively.
In the monkeys of the 50 mg/kg group, the
liver concentrations of OPC-163493 and
M29501 were 6.485 + 0.656 and 112.2 +51.4
ug/g tissue for male, and 6.721 £ 1.916 and
66.68 + 41.48 pg/g tissue for female, respec-
tively. The kidney concentrations of OPC-
163493 and M29501 were 0.3927 + 0.0661
and 50.23 + 34.07 pg/g tissue for male, and
0.7075 £ 0.5396 and 21.61+ 10.58 pg/g tis-
sue for female, respectively. The results of-
measurements are shown in Table 5.

DISCUSSION

In the pharmacokinetics and pharmaco-
dynamics studies, the OPC-163493 plasma
concentration of 4.54 pg-h/mL (AUCz24n) af-
fected respiratory metabolism in ZDF rats
(Kanemoto et al.,, 2019; Okamoto et al.,
2021). In rats, dogs, and monkeys, safety ra-
tios between the effective dose and NOAEL
were 100:1, 13:1, and 20:1, respectively, in
terms of total exposure (AUCa2sn) (Supple-
mentary Figure 1). The highest exposure lev-
els of OPC-163493 caused toxicities in ani-
mals. These toxicities could be monitored in
clinical trials and there is a sufficiently large
safety margin between the effective dose and
the toxic dose (Supplementary Figure 2). In
the single dose toxicity study in rats, rigor
mortis was observed in the 1000 and 2000
mg/kg groups immediately after they died. It
has been reported that mUncouplers produced
immediate rigor mortis after the animal had
died (Parker, 1965). Respiratory failure was
considered as one possible cause of death,
since labored breathing, partial lung collapse,
and dark red foci in the lung were observed.
In addition, mUncouplers are known to cause
an acute failure of muscular activity leading
to death (Parker et al., 1951). Therefore, an
acute failure of muscular activity was consid-
ered as another possible cause of death since
rigor mortis was observed immediately after
the animal died.

Table 5: The average concentrations of OPC-163493 and M29501 in the tissues

Analyte Sex Liver (ug/g tissue) Kidney (ug/g tissue)
Rat Dog Monkey Rat Dog Monkey
Male 79,9 3,598 6,485 30,5 2,411 0,3927
OPC-163493 Female 85,37 7,197 6,721 27,62 4,408 0,7075
Male 51,43 4,55 112,2 57,21 1,774 50,23
M29501 Female 72,94 5,626 66,68 66,21 0,795 21,61
Mean value

Male rats n=10, Female rats n=7, Male dogs n=3, Female dogs n=3, Male monkyes n=2, Female monkyes n=3
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In the repeated dose toxicity study in rats,
increased body temperatures in the 300 mg/kg
group were observed at 4 hours after dosing
in Week 2 and Week 4. The pharmacological
efficacy of OPC-163493 is related to its ef-
fects on cellular energy metabolism (Kan-
emoto et al., 2019; Okamoto et al., 2021). It is
known that pyrexia was induced in rats by
subcutaneous injection of 2,4-dinitrophenol
(Tainter and Cutting, 1933). Therefore, this
change was considered to be an excessive
pharmacological effect of the test article. In-
creased Hb, Ht, and/or RBC were observed in
the 100 and 300 mg/kg groups. These changes
were considered to be an adaptation to the ox-
ygen demand, based on the fact that OPC-
163493 induced hyperventilation in the 300
mg/kg group in the safety pharmacological
study and an increase in the respiratory rate
was induced in rats by the administration of
2,4-dinitrophenol (Kaiser, 1964). Increased
blood chemistry findings were positively as-
sociated with focal necrosis of the hepato-
cytes in the 300 mg/kg group. In addition, hy-
pertrophy of the hepatocytes was observed in
the 100 and 300 mg/kg groups. Increased liver
weight was also observed in the 300 mg/kg
group. It was unclear whether these changes
were of any toxicological significance since
electron microscopy revealed no abnormali-
ties in the organelles of the hypertrophied
hepatocytes. Fatty change of the hepatocytes
in the midzone of the lobules was also ob-
served in the 300 mg/kg group. An increase in
lipid droplets in the hepatocytes of the inter-
mediate zone in the liver was observed in the
electron microscopic examination of the fatty
change of the hepatocytes. Granular eosino-
philic cytoplasm of the hepatocytes was ob-
served in the 300 mg/kg group. Enlargement
and an increase in the number of mitochon-
dria in the hepatocytes of the central zone in
the liver were observed in the electron micro-
scopic examination of the granular eosino-
philic cytoplasm of the hepatocytes. There-
fore, the granular eosinophilic cytoplasm of
the hepatocytes was shown to be caused by
the enlargement and increased number of mi-
tochondria. Swelling of mitochondria in the

hepatocytes of the central zone in the liver
was observed in the electron microscopic ex-
amination of the hepatocytes. It is known that
the swelling of mitochondria with disruption
of cristae and irregular densities in the matrix
in the hepatocytes can be caused by an mUn-
coupler (Maronpot et al., 1999; Cattley and
Popp, 2002). Degeneration of the lens fiber
was observed in the 300 mg/kg group. It is
known that cataracts were induced in ducks
and rabbits by the administration of 2,4-dini-
trophenol (Gehring and Buerge, 1969). In ad-
dition, apoptosis in the ganglion cell layer and
inner nuclear layer of the retina was observed
in the 300 mg/kg group. Necrosis of the islet
cells in the pancreas was observed in the 300
mg/kg group, but the Glu concentrations
showed no changes. The necrosis of the islet
cells was reported to be caused by oxidative
stress, endoplasmic reticulum stress (ER), f3
cell exhaustion, and/or B cell hyperactivity
(Szkudelski, 2001; Papa, 2012). Hyperplasia
of the transitional cells in the renal pelvis and
urinary bladder were observed in the 300
mg/kg group. The change was also observed
in the preliminary 2-week repeated oral dose
toxicity study. These changes were reported
to result from the irritation caused by drug
crystallization or uroliths (Greaves, 2012).
Atrophic change in the ovaries was observed
in the 300 mg/kg group. The change was con-
sidered to be a secondary effect caused by the
suppressed body weight gain and the atrophic
changes in the thymus and/or hypertrophy of
the zona fasciculata/reticularis in the adrenals.
Degeneration/necrosis of the muscle fibers
was observed in the 300 mg/kg group. The
change was considered to be generated at the
agonal stage since it was not accompanied by
any vital responses such as infiltration of the
inflammatory cells. Therefore, the change
was considered to be related to muscular ri-
gidity.

In the single dose toxicity study in dogs,
vomiting, diarrhea, loose stool, and low food
consumption were transiently observed in the
300 and 600 mg/kg groups.

In the repeated dose toxicity study in
dogs, vomiting, mucous stool, diarrhea, and
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loose stool were observed in the 100 mg/kg
groups. Decreased body weight and decreased
food consumption were observed in the 100
mg/kg groups. Of the animals given 100
mg/kg, 1 male had diarrhea every day during
Week 4 and emaciation and hypoactivity were
also observed. This male given 100 mg/kg
also had necrotizing arteritis in multiple or-
gans including the heart, aorta, esophagus,
stomach, kidney, prostate, urinary bladder,
and skeletal muscle as well as meningitis with
hemorrhage in the brain. Furthermore, in-
creases of neutrophils in the sinusoid and mi-
crogranuloma in the liver, granulocytic hyper-
plasia in the bone marrow, and increases of
neutrophils in the red pulp of the spleen were
observed in this male, and these changes as
well as increased body temperature at Week 4
were considered to be consequences of the
systemic inflammatory state caused by the ne-
crotizing arteritis in multiple organs. In the
preliminary 2-week dosing study, meningitis
with hemorrhage in the brain and meningitis
in the spinal cord were also observed at dos-
ages of 100 and/or 600 mg/kg. The findings
of necrotizing arteritis in multiple organs with
inflammatory changes (neutrophilia, in-
creased 02, 3-G fraction and meningitis) ob-
served in this study were similar to the find-
ings previously reported in cases of idiopathic
canine polyarteritis (ICP) (Hayes et al., 1989;
Tipold and Schatzberg, 2010; Son, 2004,
Kemi et al., 1990). The right atrial and right
ventricular myocardial necrosis and right and
left ventricular myocardial fibrosis in the
heart were observed in 1 male given 100
mg/kg. This animal was also emaciated. It
was considered that these myocardial changes
were caused by ischemia since the necrotizing
arteritis in the coronary artery was evident in
this male. Necrosis of the mucosal epithelium
in the renal pelvis was observed in 1 female
given 100 mg/kg. A similar change in the uri-
nary tract was also observed in the prelimi-
nary 2-week toxicity study of OPC-163493 in
beagle dogs at dosages of 100 and 600 mg/kg.
It was anticipated that the excreted urine or
urinary ingredients affected the mucosal epi-

thelium in the renal pelvis, and it was also re-
ported that a similar change was the result of
irritation caused by drug crystallization or
uroliths (Greaves, 2012).

In the single dose toxicity study in mon-
keys, vomiting was observed in both sexes at
all dose levels of the test article on the day of
administration and/or the following day.

In the repeated dose toxicity study in
monkeys, decreased food consumption, de-
creased locomotor activity, and moribundity
were observed in 1 male at 50 mg/kg. In the
animal that died, treatment-related abnormal-
ities were noted in the kidneys, urinary blad-
der, ureter, adrenals, lymphoid organs, pan-
creas, and submandibular and parotid glands.
The changes considered attributable to the di-
rect effect of the test article or urine metabo-
lite included degeneration of proximal convo-
luted tubules or straight tubular epithelium,
regeneration of proximal tubular epithelium,
dilatation of distal tubules, degeneration/hy-
perplasia of the papilla urothelium, and de-
generation of collecting tubular epithelium in
the kidney, and degeneration/hyperplasia of
mucosal epithelium in the urinary bladder,
and degeneration of mucosal epithelium in the
ureter. Copious amounts of fluid and electro-
lytes are reabsorbed by the proximal convo-
luted tubules in the kidney. The degeneration
of the proximal convoluted tubules or straight
tubular epithelium found in this study suggest
that the changes in the kidney are associated
with the blood chemistry and hematology
findings. In the animal found dead, degenera-
tion of the proximal convoluted tubules or
straight tubular epithelium in the kidney was
noted in the histopathological examination,
and decreased serum sodium and increased
potassium were noted in the blood chemistry
on the day of death. Thus, it was suggested
that the renin-angiotensin system in the kid-
ney had been stimulated, which induced al-
dosterone hypersecretion from the adrenal
cortical cells. These changes were also ob-
served in the preliminary 2-week repeated
oral dose toxicity study in monkeys.

The target organs of OPC-163493 were
liver, blood vessels, and kidney in rats, dogs,
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and monkeys, respectively. As a part of the
investigation of the mechanism of toxicity,
the tissue concentrations of OPC-163493 in
liver and kidney were measured in rats, dogs,
and monkeys. The concentration of OPC-
163493 in the liver of rats was 10 times higher
than that of dogs and monkeys, suggesting
that OPC-163493 induced hepatotoxicity. On
the other hand, the concentration of OPC-
163493 in the kidneys of monkeys was more
than 10-fold lower than that in rats and dogs.
The tissue concentrations of M29501 in liver
and kidney were measured in rats, dogs, and
monkeys. The concentration of M29501 in
the kidneys of monkeys was almost the same
as those in rats. Therefore, the mechanism of
nephrotoxicity in monkeys remains unknown.
The sufficient safety margin and monitorable
toxicity and recovery suggest that clinical de-
velopment in humans can proceed safely. We
hope that new toxicity findings for OPC-
163493 as an mUncoupler agent will lead to
these agents being considered as a new thera-
peutic option in the future.
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