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ABSTRACT
Cemtirestat, 3-mercapto-5H-[1,2,4]-triazino[5,6-blindole-5-acetic acid was recently designed and patented as a highly selective and
efficient aldose reductase inhibitor endowed with antioxidant activity. The aim of the present study was to assess the general toxicity
of cemtirestat using in silico predictions, in vitro and in vivo assays. ProTox-Il toxicity prediction software gave 17 “Inactive” outputs, a
mild hepatotoxicity score (0.52 probability) along with a predicted LD50 of 1000 mg/kg. Five different cell lines were used including
the immortalized mouse microglia BV-2, the primary human fibroblasts VH10, the insulinoma pancreatic 3-cells INS-1E, the human
colon cancer cells HCT116 and the human immortalized epithelial endometrial cell lines HIEEC. In contrast to the clinically used
epalrestat, cemtirestat showed remarkably low cytotoxicity in several different cell culture viability tests such as MTT proliferation
assay, neutral red uptake, BrdU incorporation, WST-1 proliferation assay and propidium iodide staining followed by flow cytometry.
In a yeast spotting assay, the presence of cemtirestat in incubation of Saccaromyces cerevisiae at concentrations as high as 1000 uM
did not affect cell growth rate significantly. In the 120-day repeated oral toxicity study in male Wistar rats with daily cemtirestat
dose of 6.4mg/kg, no significant behavioral alterations or toxicological manifestations were observed in clinical and pathological
examinations or in hematological parameters. In summary, these results suggest that cemtirestat is a safe drug that can proceed
beyond preclinical studies.
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cell culture; RBC: Red blood cells; WST: Water soluble tetrazolium salt;
ZDF: Zucker diabetic fatty; YPD: Yeast extract peptone dextrose
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Introduction

Cemtirestat, 3-mercapto-5H-1,2,4-triazino[5,6-b]
indole-5-acetic acid (Figure 1), was recently designed
and patented (Stefek et al., 2017) as a highly selective and
efficient aldose reductase inhibitor. (Stefek et al., 2015;
Stefek et al., 2016; Soltesova Prnova et al., 2015; Zhan et
al., 2018). Aldose reductase (AKR1B1), the first enzyme
of the polyol pathway, is a key mediator of glucose toxicity
under hyperglycemic conditions (Yabe-Nishimura, 1998).
Aldose reductase thus represents a promising therapeutic
target and efficient aldose reductase inhibitors are sought
as potential drugs to treat diabetic complications. In
our recent study in ZDF rats, an animal model of type 2
diabetes, cemtirestat normalized symptoms of peripheral
neuropathy with high significance (Soltesova Prnova
et al. 2019). Inhibition of sorbitol accumulation in red
blood cells and in the sciatic nerve along with markedly
decreased plasma levels of thiobarbituric acid reactive
substances pointed to the bifunctional effect of cemtires-
tat comprising both inhibition of flux of glucose through
the polyol pathway and antioxidant action.



Cemtirestat is presently a subject of preclinical stud-
ies as a promising agent with a therapeutic potential in
relation to diabetic peripheral neuropathy. The aim of the
present study was to assess a general toxicity of cemtires-
tat using in silico predictions, cell culture in vitro assays
and in vivo animal investigations.

Material and methods

Substance

Cemtirestat (3-mercapto-5H-1,2,4-triazino[5,6-b]indole-
5-acetic acid) was custom synthesized by Apollo Scientific
Ltd, Bredbury, UK. A purity of >95% has been established
for cemtirestat substance by the LC-MS technique as
described in Stefek et al. (2015). The reference aldose
reductase inhibitor epalrestat was obtained from Sigma-
Aldrich (St. Louis, MO, USA).

In silico predictions
ProTox-1I (http://tox.charite.de/protoxII), a webserver for
the prediction of toxicity of chemicals was used.

Cell culture tests

Cell lines

The immortalized mouse microglial cell line BV-2 was
kindly provided by Dr. Blasi at the University of Perugia
(Blasiet al., 1990) and was cultured under standard con-
ditions in Dulbecco’s modified eagle medium (DMEM,
Sigma Aldrich), supplemented with 10% fetal bovine
serum (FBS, PAA, Biotech, s. r. 0., Bratislava, Slovakia),
and 1% P/S (100 U/ml penicillin, 100 mg/ml streptomycin,
K-Trade, s.r.o., Bratislava, Slovakia) and maintained in 5%
CO, at 37°C. Cells were used for 10 passages at maximum
(Mrvova et al., 2015).

Nonmalignant diploid human fibroblasts VH10 were
obtained from Prof. A. Kolman (Laboratory of Radiology,
University of Stockholm, Sweden) and were cultured
under standard condition in DMEM, supplemented with
10% FBS, and 1% P/S (100 U/ml penicillin, 100 mg/ml strep-
tomycin) and maintained in 5% CO, at 37°C as described
elsewhere (Slamenova et al. 2009).

Rat INS-1E insulinoma pancreatic 3-cells were kindly
provided by Prof. Claes Wollheim, University of Geneva)
and were cultured in RPMI 1640 (11mM glucose,
Sigma Aldrich) supplemented with 100 U/ml penicillin,
100 pg/ml streptomycin, 2mM L-glutamine, 1mM Na
pyruvate, 55 uM 2-mercaptoethanol, 10mM HEPES, 1%
non-essential amino acids, and 10% fetal bovine serum,
pH 7.0-7.4. The cells were grown in a humidified incuba-
tor containing 5% CO, at 37°C as described previously
(Viskupicova et al., 2017).

Human colon cancer cells (HCT-116) were kindly
provided by Prof. Sreeparna Banerjee, Department of
Biological Sciences, Middle East Technical University,
Ankara, Turkey and were cultured as described previ-
ously in RPMI-1640 (Biochrom, Berlin, Germany)
supplemented with 10% fetal bovine serum (FBS, Thermo
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Figure 1. 3-Mercapto-5H-[1,2,4]-triazino[5,6-blindole-5-acetic

acid (cemtirestat). /

Scientific, Waltham MA, USA), 2mM L-glutamine and
1% penicillin/streptomycin (Enayat et al., 2016).

Human immortalized epithelial endometrial cell line
(HIEEC) was kindly provided by Prof. Michael A. Fortier
(Laval University, Qébec, Canada) and it was originally
generated from a primary culture prepared from endo-
metrial biopsy taken from a 37-year-old woman with con-
firmed absence of neoplasia and endometriosis, on day 12
of her menstrual cycle and were cultured in RPMI-1640
Medium (R5886; Sigma-Aldrich) as described elsewhere
(Hevir-Kene and Rizner, 2015).

The Saccharomyces cerevisiae strain RDKY3615 (MAT
a, ura3-52, his3A200, leu2Al, trplA63, lys2ABgl, hom3-
10, ade2Al, ade8, hxt13::URA3, Chen and Kolodner,
1999) was obtained from Dr. Hernan Flores Rozas from
the College of Pharmacy and Pharmaceutical Sciences,
Florida A&M University, Florida.

MIT viability test

To assess cell metabolic activity, the MTT assay was
used which is based on the ability of cellular NAD(P)
H-dependent oxidoreductases to reduce the tetrazolium
dye MTT to insoluble formazan, which has a purple color
(Stockert et al. 2018).The cells were grown in 96-well
microplates in complete cell culture medium. At the end of
the incubation with or without the compounds tested, the
cells were incubated with MTT (0.5 mg/ml) for 120 min at
37°C. Subsequently, 100 pl of 10% sodium dodecyl sulfate
in HCI (0.01 M) was added and the cells were incubated
at 37°C overnight for complete dissolution of generated
formazan. The absorbance was spectrophotometrically
recorded at 570 nm using the reference 690nm (Mrvova
et al., 2015; Viskupicova et al., 2017).

Neutral red (NR) uptake assay

To determine the number of viable cells in culture, the
NR uptake assay was used which is based on the ability
of viable cells to incorporate neutral red dye within the
lysosomes (Repetto et al., 2008). One hundred microliters
of NR solution (0.003%) in complete cell culture medium
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was added to the cells and the dye accumulation was left
to proceed for 4 hours. Next, the incubation medium was
removed, the cells were washed twice with phosphate
buffered saline (PBS) and the accumulated dye was solu-
bilized with 2% acetic acid/ethanol mixture (1:1, v/v). The
absorbance of the samples was read spectrophotometri-
cally at 540 nm using a reference wavelength at 690 nm
(Milackova et al. 2015).

BrdU incorporation assay

BrdU incorporation into the newly synthesized DNA
(Vega-Avila and Pugsley, 2011) was used to detect pro-
liferating HCT-116 cells according to the manufacturer’s
instructions as described elsewhere (Enayat et al., 2016).
Chemiluminescent BrdU cell proliferation kit was pur-
chased from Roche (Mannheim, Germany).

WST-1 proliferation test

WST-1 proliferation test (Ishiyama, 1995) was used to
determine the effect of cemtirestat on the proliferation
of human immortalized epithelial endometrial cells
(HIEEC). The reagent WST-1 (Roche Diagnostics,
Germany) was employed following the manufacturer’s
instructions as described elsewhere (Kljun et al. 2016).

Cell cycle analysis

VHI10 fibroblasts cultured under standard condition
(Slamenova et al., 2009) were fixed in 70% ethanol over-
night at —20°C; the cells were pelleted and resuspended
gently in ice-cold phosphate-buffered saline (PBS) . After
2 washes, cells were suspended in propidium iodide
staining solution (10 pg/ml propidium iodide, 100 pg/ml
RNase, 0.1% (v/v) Triton-X in PBS for 15 min at 37°C in the
dark. The cell cycle was analyzed using a flow cytometer
(Beckman Coulter FC500). Data were analyzed using
MultiCycle AV software with a minimum of 5000 cells
per sample.

Yeast spotting test

The yeast spotting test (Kwolek-Mirek and Zadrag-Tecza,
2014) was used to determine the effect of cemtirestat on
yeast viability. An aliquot of the glycerol stock of the yeast
strain was taken from —80°C, streaked on a YPD plate
and incubated at 30°C for 16 h. A single colony was picked
and inoculated into 3ml of liquid yeast extract peptone
dextrose (YPD) medium and grown overnight with shak-
ing at 200rpm at 30°C. This overnight starter culture was
then transferred to 10 ml of fresh liquid YPD and grown
at 30°C with shaking at 200 rpm until the OD 600nm
reached the value of 0.6. The culture was then divided
into five separate tubes in equal numbers and either left
untreated (Control) or treated with vehicle or 10, 100 and
1000uM of cemtirestat for 24h in YPD. During treatment
the cells were incubated at 30 °C with shaking at 100 rpm.
The cells in each tube were washed extensively followed
by 10-fold serial dilution in 100 ul final volume (Enayat et
al., 2016). 10 ul from each dilution was plated on an YPD-
agar plate; the plate was air dried in a sterile manner and
incubated at 30°C for 48 h and photographed.
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Invivo tests

Animals

Male Wistar rats were supplied by our own breeding
facility at the Department of Toxicology and Laboratory
Animal Breeding, Centre of Experimental Medicine,
Slovak Academy of Sciences Dobra Voda. The animals
were fed standard chow (protein, 19.2%; carbohydrate,
65.1%; fat, 4.0%; fiber, 4.0% and ash, 7.7% of weight). The
animals were randomly assigned to two groups: (C) control
rats (n=6); (T) rats (n=6) treated with cemtirestat (100 mg/1
in drinking water). The drug treatment proceeded for 120
days. During the experiment the animals were housed in
groups of two in cages of type T4 Velaz (Prague, Czech
Republic) with bedding made of wood parings (changed
every other day). Tap water and pelleted standard chow
were supplied ad libitum. The animal room was air-con-
ditioned with 10 air changes per hour; the environment
was maintained, with continuous monitoring, at 23+1°C
temperature and 40-70% relative humidity. After the
completion of behavioral testing for each group at the end
of the experiment, the rats were anesthetized with chloral
hydrate (20mg/100 g i.p.), blood was collected into hepa-
rinized tubes by heart puncture and organ samples were
collected for biochemical assays. All tissues were rapidly
frozen in liquid nitrogen and stored at —80°C.

The study was approved by the Ethics Committee
of the Institute of Experimental Pharmacology and
Toxicology, Centre of Experimental Medicine, Slovak
Academy of Sciences and the State Veterinary and Food
Administration of the Slovak Republic, and it was per-
formed in accordance with the Principles of Laboratory
Animal Care (NIH publication 83-25, revised 1985) and
the Slovak law regulating animal experiments (Decree
289, Part 139, July 9th 2003).

Plasma assays

Frozen (-80°C) samples of plasma were used for bio-
chemical assays. Plasma glucose was analyzed by using
an enzymatic colorimetric assay for glucose Glucose GOD
1500 (PLIVA-Lachema Diagnostika, Brno, CZ). Plasma
cholesterol, triacylglycerides, urea, creatinine, Ca, P and
Mg were assayed by Laboratoria s.r.o. Piestany, Slovakia.
Plasma levels of thiobarbituric acid reactive substances
(TBARS), used as a marker of oxidative stress, were deter-
mined by modification of the method of Buege and Aust
(Buege and Aust, 1978) as described previously (Soltesova
Prnova et al., 2019).

Sorbitol assay

Erythrocyte sorbitol assay was performed by modified
enzymatic assay as reported previously (Soltesova Prnova
et al., 2019).

Behavioral tests

The rats were transferred to the experimental room and
allowed to acclimatize for one hour. Hot water immersion
tail-flick test, hot plate test and paw tactile responses test
by using von Frey flexible filaments were performed as
described previously (Soltesova Prnova et al., 2019).



Osmotic fragility

The osmotic fragility was determined by the degree of
hemolysis induced by the changes of osmotic pressure
using a step-down protocol with decreasing concentra-
tions of NaCl, as reported previously (Prnova et al.
2015). The median corpuscular fragility (MCF), used as
quantitative marker of osmotic fragility, was calculated as
a concentration (mM) of NaCl at which 50% hemolysis
occurred.

Statistical analysis

Statistical comparisons were carried out by one way
ANOVA followed by Tukey’s post hoc test. p<0.05 was
considered statistically significant.

Table 1. ProTox-Il toxicity prediction of cemtirestat.

No Target Prediction Probability
1 Hepatotoxicity Active 0.52
2 Carcinogenicity Inactive 0.52
3 Immunotoxicity Inactive 0.99
4 Mutagenicity Inactive 0.61
5 Cytotoxicity Inactive 0.66
6 Aryl hydrocarbon Receptor (AhR) Inactive 0.62
7 Androgen Receptor (AR) Inactive 0.99
8 Androgegifﬂc{:ﬁt&#ﬁ;{g)d Binding Inactive 0.97
© Aromatase Inactive 0.82
10 Estrogen Receptor Alpha (ER) Inactive 0.86
1 Estrogen Receptor Ligand Binding Inactive 098

Domain (ER-LBD)

12 Peroxisome Proliferator Activated Inactive 0.84
Receptor Gamma (PPAR-Gamma) '

Nuclear factor (erythroid-derived

13 2)-like 2/antioxidant responsive ele- Inactive 091
ment (nrf2/ARE)
14 Heat shock factor response element Inactive 091
(HSE)
Mitochondrial Membrane Potential .
15 (MMP) Inactive 0.81
16 Phosphoprotein (Tumor Supressor) p53  Inactive 0.83
17 ATPase family AAA domain-containing Inactive 094

protein 5 (ATADS)

Table 2. Initial and final body weights and plasma glucose concen-
trations in male Wistar rats with or without cemtirestat treatment*.

Body weight (g) Blood glucose (mmol/I)
Initial Final Initial Final
C(6) 262.5+15.1 450.8+38.1 8.1+1.9 10.6+1.2
T(6) 275.8+8.0  465.8+38.3 7.5+1.5 8.6£2.6

*Group C, untreated control animals; Group T, rats treated by cemtirestat
6.4mg/kg/day; Data are mean values+SD. Number of animals in each group
is shown in parentheses. One way ANOVA followed by Tukey’s post hoc test
gave no significant differences between C and T groups.
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Results and discussion

Toxicity predictions in silico

The aim of computational approaches in toxicology
is to complement in vitro and in vivo toxicity assays to
minimize the need for animal testing and to reduce the
cost and time of toxicity tests (Raies and Bajic, 2016). As
shown in Table 1, ProTox-II toxicity prediction software
(Banerjee et al., 2018) gave 16 “Inactive” outputs, a mild
hepatotoxicity score (0.52 probability) along with a
predicted LD;, of 1000mg/kg. These outputs classify
cemtirestat as a compound of acute toxicity class 4.

Cell culture studies

Remarkably low acute cytotoxicity of cemtirestat was
observed in cell culture viability tests. To avoid method-
related bias in viability tests (Pamies and Hartung,
2017) five principally different viability assays were used
including MTT assay, NR uptake assay, BrdU incorpora-
tion assay, WST-1 proliferation test and propidium iodide
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Figure 2. Viability parameters of BV-2 microglia subsequent to
24 h exposure to cemtirestat (a) in comparison with standard
epalrestat (b). MTT test (black columns), NR uptake test (striped
columns). Results are mean + SD of at least three independent
experiments run in three replicates.***p<0.001, **p<0.01 vs. con-
trol. One way ANOVA followed by Tukey’s post hoc test. /
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DNA staining followed by flow cytometry. No significant
effect of cemtirestat on cell viability was recorded with
up to 100 uM of cemtirestat in the immortalized mouse
microglia BV-2 (Figure 2a) and the human immortal-
ized epithelial endometrial cell lines HIEEC (Figure 3).
In contrast to cemtirestat, significant cell toxicity of
the standard aldose reductase inhibitor epalrestat was
recorded in the microglia at concentrations as low as
50 uM (Figure 2a). At this concentration the loss of viabil-
ity estimated by MTT assay and NR uptake was 35% and
41%, respectively. A mild decrease in viability of Schwann
cells in culture treated with 100 and 200 uM epalrestat
was reported by Sato et al. (2014). Concentrations of
cemtirestat up to 200 uM, were found to be without any
effect on cell viability of the insulinoma pancreatic $-cells
INS-1E (Figure 4) and on the proliferative capacity of the
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Figure 3. Viability parameters of HIEEC cells subsequent to 72
h exposure to cemtirestat. WST-1 proliferation test. Results are
mean * SD of at least three independent experiments run in
three replicates. One-way ANOVA followed by the post-hoc
Qukey test gave no significant differences between the groups. j
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Figure 4. Viability parameters of pancreatic INS-1E cells sub-
sequent to 24 h exposure to cemtirestat. MTT test. Results are
mean * SD of at least three independent experiments run in
three replicates. One-way ANOVA followed by the post-hoc

\Tukey test gave no significant differences the groups. /
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human colon cancer cells HCT-116 (Figure 5). Moreover,
no significant cytotoxicity up to 1000 uM cemtirestat was
recorded in the primary human fibroblasts VH10 (Figure
6). Chronic toxicity profile of cemtirestat applied every
12 hours over five consecutive days (9x 150 uM in total)
in primary VH10 fibroblasts, shown in Figure 7, revealed
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Figure 5. Viability parameters of colon cancer HCT116 cells sub-
sequent to a) 24 h (MTT test), b) 48 h (BrdU incorporation assay)
exposure to cemtirestat. Results are mean + SD of at least three
independent experiments run in eight replicates. One-way
ANOVA followed by the post-hoc Tukey test gave no significant
differences between the groups. /
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Figure 6. Viability parameters of VH-10 cells subsequent to 24
h exposure to cemtirestat. MTT test (black columns), NR uptake
test (striped columns). Results are mean + SD of at least three
independent experiments run in three replicates. One-way
ANOVA followed by the post-hoc Tukey test gave no significant
differences between the groups. /
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Figure 7. Effect of 5-day repetitive treatment with cemtirestat added into medium twice a day (150 umol/I) on cell growth and cell cycle dis-
tribution in VH10 fibroblasts assessed by propidium iodide DNA staining and analysis of DNA content by flow cytometry. Data are mean + SD
of at least three independent experiments run in 3-4 replicates. One way ANOVA followed by Tukey's post hoc test gave no significant differ-
ences between the groups. Representative cell cycle histograms; G1 phase (stripped columns), S phase (black columns), G2/M phase (empty

columns).

Cell counts

\
1000000 -

750000 -
500000
250000

0 -

CMTI_9x150 uM

100 -+

g ~J
o o
1 I

Cell cycle distribution (%)
N
(%2

o LT il 1

T

CON CMTI_9x150 puM

/

Control

Vehicle

10uM

100 uM

1000 uM

Figure 8. Yeast spotting test with cemtirestat (1 replicate). Con-
centration dependence. A: undiluted, B:1/10 diluted, C:1/100
diluted, D:1/1000 diluted, E:1/10000 diluted.
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Figure 9. Body weights of male Wistar rats treated with cemtir-
estat. Group C, untreated rats(e); group T, rats treated with cem-
tirestat (o, 6.4 mg/kg/day). Results are means + SEM from 6 (C,
T) animals. One-way ANOVA followed by the post-hoc Tukey test
gave no significant differences between Cand T groups. j

Copyright © 2019 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.



Cemtirestat toxicology

Marta Soltésové Prnové, Lucia Rackovd, Lucia Kovacikovd, Jana Ballekové, Jana Viskupicova, Silvia Michélikovd, Betul Taskoparan, et. dl.

Table 3. Relative organ weights (g/100 g b.w.) male Wistar rats at the
end of the experiment*.

c(6) T(6)

Liver 2.734+0.093 2.623+0.139
Spleen 0.189+0.055 0.180+0.010
Adrenals 0.0091+0.0012 0.0087+0.0013
Kidney 0.516+0.031 0.518+0.042
Testes 0.923+0.060 1.001+0.069
Lens 0.023+0.003 0.026+0.003
Heart 0.224+0.011 0.230+0.008

*Group C, untreated control animals; Group T, rats treated by cemtirestat
6.4 mg/kg/day; Data are mean values+SD. Number of animals in each group
is shown in parentheses. One-way ANOVA followed by the post-hoc Tukey
test gave no significant differences between Cand T groups.

Table 4. Average chow/water consumption, plasma biochemical
markers and erythrocyte sorbitol and MCF values of male Wistar rats
recorded at the end of the experiment. Effect of cemtirestat treatment*.

c(6) T(6)
Average daly food consumption 259609 8144199
g"ﬁg’(?; Sig’;v\xlaeﬁzrﬁgtake 6.32+0.66 6.39£1.11
Cholesterol (mM) 1.63+0.25 1.74+0.29
Triglycerides (mM) 1.45+0.25 1.06+0.34
Urea (mM) 7.21+0.50 7.93+0.58
Creatinine (uM) 30.28+4.31 34.27+4.47
TBARs in plasma (uM) 5.60+0.54 5.76+0.31
Ca 2.30£0.16 2.36+0.12
P 1.48+0.27 1.49£0.41
Mg 0.72+0.05 0.82+0.07
(Srf’r::)'lt/"r'n'lnp;ec‘?(:('j°$c’;e"5 191+0.98 2.28+0.74
Erythrocyte MCF 58.63+2.83 57.10£2.69

*Measurements of chow and water consumption were made at 2-week
intervals throughout the 4-month experiment. Group C, untreated con-
trol animals; Group T, rats treated by cemtirestat 6.4 mg/kg/day; MCF: The
median corpuscular fragility was calculated as a concentration (mM) of
NaCl at 50% hemolysis. Data are mean values+SD. Number of animals in
each group is shown in parentheses. One-way ANOVA followed by the post-
hoc Tukey test gave no significant differences between Cand T groups.

no significant cell cycle-dependent cytotoxic effect. These
experimental data are also in accordance with previously
reported absence of any effect of cemtirestat on osmotic
fragility of isolated erythrocytes up to 250 uM concentra-
tion (Prnova et al., 2015). As shown in Figure 8, cemtirestat
up to 1000 uM concentration did not affect the viability of
Saccharomyces cerevisiae in a yeast spotting test.
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Figure 10. Peripheral nerve sensitivity tests in male Wistar rats
treated with cemtirestat. Group C, untreated male Wistar rats;
Group T, Wistar rats treated by cemtirestat (6.4mg/kg/day);
(a) Tail-flick test response latencies (50°C); (b) Hot plate test
response latencies (55°C); (c) Tactile response thresholds as
a result of stimulation with flexible von Frey filaments. Results
are presented as means + SEM from 6 (C, T) animals. One-way
ANOVA followed by the post-hoc Tukey test gave no significant

differences between C and T groups.
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Animal studies

In our previous study in ZDF rats (Soltesova Prnova et
al., 2019), there were two groups of animals treated with
cemtirestat. The drug was administered as a water solu-
tion by oral gavage in daily doses of 2.5 and 7.5 mg/kg. The
dose of 2.5mg/kg corresponds to the recommended daily
dose of clinically used aldose reductase inhibitor epalr-
estat (Sharma and Sharma, 2008). In the present study,
cemtirestat was administered as a solution in drinking
water and the required daily dose was 7.5 mg/kg. Based on
preliminary measurements of daily water consumption,
the required concentration of cemtirestat in drinking
water was estimated to be 100 mg/l. Yet the final average
dose calculated on the basis of actual water consumption
(Table 4) during the 4-month treatment was slightly lower,
approx. 6.4 mg/kg/day.



Experimental data summarized in Table 2 and Figure 9
show that cemtirestat treatment had no significant effect
on body weight gains of the experimental animals during
the 120-day experiment. In addition, as shown in Table 3,
cemtirestat treatment had no significant effect on relative
organ weights of the animals. In agreement with these
findings, cemtirestat also did not affect daily food and
water consumption (Table 4). No signs or symptoms of
cemtirestat toxicity developed during the 120-day treat-
ment period. These observations are in accordance with
our previously reported findings that revealed no acute
toxicological manifestation of cemtirestat administered
intragastrically (50 mg/kg/day) to male Wistar rats for five
consecutive days (Soltesova Prnova et al. 2015a).

Extensive plasma assays revealed no significant effect
of cemtirestat on the levels of plasma glucose (Table 2),
plasma cholesterol, triglycerides, urea, creatinine, TBARSs,
Ca, Mg and P levels (Table 4). Experimental value of the
median corpuscular fragility (MCF, quantitative marker
of osmotic fragility of the erythrocytes) was not affected
by cemtirestat. This result is in agreement with previously
published results showing absence of any effect of 250 pM
cemtirestat on osmotic fragility of isolated red blood cells
(Prnova et al., 2015).

Sensitivity of the peripheral nerves to painful stimuli
(tail flick and hot plate tests) and to non-painful stimula-
tion with flexible von Frey filaments was not significantly
affected by 120-day treatment of the experimental rats
with cemtirestat (Figure 10).

Conclusions

Based on ProTox-II toxicity prediction software, cemtir-
estat was classified as a compound of acute toxicity class
4 with mild hepatotoxicity. Cell culture viability tests per-
formed on six different cell lines proved remarkably low
cytotoxicity of cemtirestat. To avoid method-related bias
in viability tests, five principally different viability assays
were used. In the 120-day repeated oral toxicity study in
male Wistar rats treated with the daily dose of 6.4 mg/kg
of cemtirestat, no significant behavioral alterations or
toxicological manifestations were observed in clinical and
pathological examinations or in hematological param-
eters. In summary, these results suggest that cemtirestat
is a safe drug that can proceed beyond preclinical studies.
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