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ABSTRACT

Aim: In this study, utilizing the in vivo Copenhagen rat model possessing prostate cancer, we studied the
possible impact of tumorigenesis on testes and liver morphology and whether riluzole (RIL) and ranolazine
(RNL) treatment would have any affect or not.

Method: Male Copenhagen rats were divided into four groups: 1) Control group, 2) Cancer group, 3) Cancer
+ 10 uM Riluzole 4), and Cancer + 2.5 uM / 5 uM Ranolazine group. The tissue samples of testes and liver
were taken and processed for light microscopy, including staining with hematoxylin and eosin.

Results: In the cancer group, degenerated seminiferous tubules, cell remnants in the lumen were shown in the
testis, and a decrease in the spermatogenic cell line was found. The deterioration in these parameters was
milder in the treatment groups and an increase in the number of normal tubules was found. In the cancer group,
pyknotic nucleus, mononuclear cell infiltration, hyperemia, vacuolization, disrupted arrangement of
hepatocyte plates, sinusoidal dilatations, and degenerated hepatocytes were observed in the liver. However,
there was a slight damage in cancer + 10 uM RIL, cancer + 2.5 pM RNL, and cancer + 5 uM RNL groups.
Properly hepatocyte arrangement and sinusoidal enlargement were observed.

Conclusions: This treatment can be considered a promising protective adjuvant candidate for testes and liver
tissue in prostate cancer or cancer therapy-related damage.
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Riluzole (RIL) is a Food Drug Administration
(FDA) approved drug for the treatment of
amyotrophic lateral sclerosis. RIL also has
neuroprotective, anticonvulsant, analgesic,
anesthetic, anti-ischemic, and sedative
properties. They searched the effects of cell

Introduction

The drug repurposing consist of the
investigation of off-target effects of existing
drugs for new therapeutic purposes. Some
drugs are currently in clinical use and may be
renamed off-label as anticancer agents or in
cancer-related several problems.

growth and tumorigenesis to repurpose it for the
treatment of cancer. RIL is accepted to act by
indirectly inhibiting glutamate signaling.
However, the specific effects of RIL in breast
cancer cells are not well understood [1]. It has
been found out that RIL acts as an anti-invasive
on rat prostate cancer cells [2].
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Cancer cells use a variety of growth signaling
pathways to acquire an advantage over normal
cells in terms of proliferation. Many types of
cancer also express glutamate receptors,
suggesting that glutamate may play an
important mission. Glutamate signaling is used
by breast, prostate, and skin cancers to increase
their growth. Because glutamate signaling is so
important for tumor growth, it is thought that it
will be crucial to investigate the mechanisms
underlying glutamate signaling and discover
strategies to interrupt this signaling to prevent
tumor growth. Glutamate secretion was first
shown to be inhibited in brain tissue by a drug,
RIL. It has been shown to block sodium
channels and glutamate signaling. Breast
cancer cells that are triple negative are treated
RIL was found to inhibit cell proliferation. In
addition, for brain, skin, breast, and prostate
cancers, it has been shown to inhibit cancer cell
proliferation in culture or in xenograft models.
In a melanoma clinical trial, riluzole reduced
tumor size in certain patients. RIL also
demonstrated some clinical advantages in a
phase Il trial person with melanoma [3].
Ranolazine (RNL) is an FDA-approved anti-
anginal drug with an anti-ischemic activity that
has also been shown to have anti-arrhythmic
properties due to prevention of the late sodium
current in cardiomyocytes [4,5]. It has been
suggested that RNL has been shown to be an
antagonist against any experimental heart
function  failure, including doxorubicin
cardiotoxicity, by decreasing the reactive
oxygen species content. In studies conducted
with the prostate and breast cancer in vivo
models, it has been revealed that RNL can have
an anti-metastatic effect [6,7].

RIL is predominantly metabolized by the
hepatic microsomal cytochrome P450 in
extrahepatic tissues [8]. In parallel, RNL is
metabolized by the cytochrome P-450 system
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in the liver [9]. Regarding this issue, many
factors such as various mediator molecules that
play a role in the immune response during the
development process of cancer,
chemotherapeutic drugs used in cancer therapy,
and ionizing radiation used in radiotherapy can
cause damage to organs such as the liver and
testes in our study [10-12].

In a study examining the pharmacological
blockade of lipid oxidation with RNL in
prostate cancer models, oral administration of
RNL (100 mg/kg for 21 days) was shown to
result in decreased tumor CD8+ T-cells,
increased macrophages, and decreased blood
myeloid immunosuppressive monocytes [13].
The Dunning rat prostate cancer model has now
become a useful model that is utilized in the
research of androgen-independent prostate
cancer and metastasis biology in in vitro and in
vivo [14]. In this study, the Dunning model was
formed in Copenhagen rats using strongly
metastatic Mat-Lylu cells via subcutaneous
injection [15].

In our study, we aimed (1) to show the liver and
testicular damage that we predicted to occur in
the prostate cancer model, (2) to evaluate how
effect of our drugs on these tissues, occur
damage by histopathological assessments.

No study in the literature addresses testicular or
liver damage in experimental or clinical models
with cancer or prostate cancer. In our study, it
is predicted that RIL and RNL, which continue
to be used for non-cancer-related different
treatments, will provide advantages in terms of
cost and time with the repositioning strategy as
a drug in the damage caused by cancer.

Materials and methods

Cell culture
Mat-LyLu cells were grown in RPMI culture
medium (RPMI-1640, Gibco; Life

Technologies, USA), supplemented with 1%
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fetal bovine serum (FBS) (Gibco), 2 mM L-
glutamine (Gibco; Life Technologies, USA),
and 250 nM dexamethasone (Sigma; Sigma-
Aldrich, USA) Cells were cultured at 37°C in
the humidified 5% CO: incubator [16].

Animals and prostate cancer model

Male Copenhagen rats (provided from Tubitak
Marmara Research Center, Kocaeli, Turkey)
were used. The animals were kept in 12:12-hr
day-night cycle at 22-25°C and fed with pellet
food and water. To induce tumors (in cancer
group and cancer + RIL or RNL groups), 2x10°
Mat-LyLu cells were inoculated
subcutaneously into the right flank of each rat
with isoflurane (Abbott; Queenborough, UK).
After the body weights were recorded, Mat-
LyLu injection was inoculated subcutaneously
into the upper right front extremity of each rat
in the experimental groups. The volume of cell
suspension to be injected into the rats was
adjusted to be in the range of 0.10 — 0.50 ml.
All operations performed on animals (from
maintenance to dissection) were carried out
under the ethical regulations and specific
permission of Istanbul University (I.U.
HADYEK, number: 2010/116).

Administration of drugs and experimental
design

In the project study, the use of at least 6 subjects
for the control group, cancer and treatment
groups was calculated by performing power
analysis with the pass 2008 program, in order to
create a Dunning cancer model at a=0.05
significance level, to obtain 0.8% power.

Male Copenhagen rats were divided into four
experimental sets. There are 6 rats in each all
group. 1) Control group: Physiological saline
(0.9% NaCl) was applied to rats with gavage (1
ml solutions) every other day without tumor
inoculation, 2) Cancer group: After the
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inoculation of Mat-LyLu cells, 0.9% NaCl was
applied to rats orally, 3) Cancer+RIL group: 10
uM RIL (in an equal volume of physiological
saline) was administrated with gavage every
other day for 22 days, following inoculation of
Mat-LyLu cells, 4) Cancer+RNL group:
Respectively, 2.5 uM and 5 uM RNL doses was
applied in the same way and duration.

Monitoring of primary tumors and dissection

The primary tumorigenesis was monitored
daily. The dimension of the primary tumor was
measured with calipers every day. “Tumor
volume” was evaluated as (shortest diameter) 2
X (longest diameter) 1/2 [17].At the 22nd day
after the cell inoculation, the primary tumor,
testes and liver were dissected.

Histopathological evaluations

The testes and liver tissues were immersed in
Bouin's fixative and processed routinely. The
hematoxylin and eosin (H&E) tissues were
analyzed. At a magnification of x200, five
identical locations were chosen and analyzed.
Normal, regressive, degenerative, or atrophic
tubules were classified as normal, regressive,
degenerative, or atrophic tubules based on Hess'
data [18]. Normal tubules have normal
spermatogenesis and blood testes barrier
morphology. Seminiferous tubules with one or
more defects make up regressive tubules.
Degenerative  tubules indicates irregular
arrangements and atrophic tubules perform
only sertoli cells.

The semi-quantitative histological assessment
of liver damage was done using modified
histological criteria described earlier [19]. Five
similar areas were chosen and investigated at
%400 magnification. The hepatic injury, based
on the disrupted arrangement of hepatocyte
plates, sinusoidal dilatation, hyperemia,
vasocongestion, mononuclear cell infiltration,
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pyknotic nucleus, degenerated hepatocytes
were scored by using a scale ranging from 0 to
3 (0: none; 1: mild; 2: moderate; and 3: severe)
for each criterion. The score was done for all
groups. They were photographed by an
Olympus CX41 microscope fitted with an
Olympus DP71 digital camera DP71, Tokyo,
Japan). The images were observed under a light
microscopy on the 10x magnification.

Statistical analysis

Graph-Pad Prism 3.0 (GraphPad Software, San
Diego, CA, USA) program was used and the
data were analyzed by using one-way analysis
of variance (ANOVA). The difference between
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the groups were determined with Tukey’s
multiple comparison tests.

Results

Primary tumorigenesis and monitoring of
primary tumors

The primary tumors were first palpable on the
12th day (in cancer group) and the 16th day
(RIL treatment group) d their volumes
increased. There was an insignificant decrease
in the tumor weights within the cancer + RIL
group compared to the cancer group. RNL
administration was decreased insignificantly in
the tumor weights compared to the cancer
group (Figure 1).
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Figure 1. The development of primary tumor after inoculation of Mat-LyLu cells, A. Time courses of tumor
volume and effects of RIL and RNL (2.5 uM and 5 pM) compared with cancer group. B. Tumor weights at

the end of the experiment in groups.
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Figure 2. Testes tissue histological appearance: control group (A), cancer group (B), cancer + 10 uM RIL
group (C), cancer + 2.5 uM RNL group (D), cancer + 5 uM RNL group. (E). Normal morphology in
seminiferous tubules (n), spermatogenic cells ("), spermatozoa (*) in lumen of the seminiferous tubules,
degenerative (d) and regressive (r) seminiferous tubules, H&E staining, Bar: 100 um, x10 magnification.
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Figure 3. The histopathological scoring of the testes in the experimental groups. ap <0.05, compared to the
control group, bp < 0.05, compared to the cancer group.
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Histolopathological evaluations and damage
score

Testes tissue

When H&E stained testicular sections are
examined, in the control group, normal testes’
histology was observed (Figure 2A). In the
cancer group, degenerated seminiferous
tubules, cell debris in the lumen were shown
and decreased in the spermatogenic cell line
(Figure 2B). The number of degenerative
tubules was surged and the spermatogenic cells
decreased, and the regressive tubules were also
shown in the cancer group. There was a mild
disruption in seminiferous tubules,
spermatozoa in the lumen, and spermatogenic
cells in the cancer + 10 uM RIL, cancer + 2.5
uM RNL, and cancer + 5 pM RNL group. The
number of normal tubules was raised in these
treatment groups (Figure 2C, D, and E).

The semi-quantitative evaluation of testicular
tissue sections made under the light microscope
is given in Figure 3. While it was observed that
the seminiferous tubule structure was
predominantly normal in the control group, a
decrease in the number of normal tubules was
remarkable in all other groups. The number of
regressive tubules and degenerative tubules
were found to be increased in the cancer group
compared to the control group. The number of
normal tubules was diminished while the
number of degenerative tubules was increased
and there were atrophic tubules in the cancer
group compared to the healthy control group.
Additionally, the number of normal tubules was
increased and the number of regressive,
degenerative tubules decreased significantly in
cancer + RIL, cancer + RNL groups; the
atrophic tubules decreased compared to the
cancer group. It was detected that there is a
statistically significant difference (p < 0.05).
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Liver tissue

When H&E stained liver sections are examined,
the control group depicts a normal hepatic
parenchymal  histology and hepatocyte
structure with normal lobular architect and
hepatocytes arranged in cords encircling the
central canal. (Figure 4A). In the cancer group,
pyknotic nucleus, mononuclear cell infiltration,
hyperemia, vacuolization, disrupted
arrangement of hepatocyte plates, sinusoidal
dilatations, and degenerated hepatocytes were
observed (Figure 4B). When RIL or RNL
treatment was applied, histological appearances
showed similarity within the control groups.
There was a slight damage in cancer + 10 uM
RIL, cancer + 2.5 uM RNL, and cancer + 5 uM
RNL groups. Properly hepatocyte arrangement
and sinusoidal enlargement were observed
(Figure 4C, D, and E).

The semi-quantitative evaluation of liver tissue
sections that was assessed under a light
microscope is given in Figure 5. There was a
significant increase in the cancer groups
compared to the control group. RIL and RNL
treatment groups were significantly reduced in
the liver histological damage compared to the
cancer control group (p < 0.05).

Discussion

Within the scientific literature, it was exhibited
that the cancer disease caused by other disease
mechanisms has a higher mortality rate
compared to the sole self-occurring cancer
mechanism. Thus, it is predicted that the deaths
due to cancer will increase significantly in the
coming years. Depending on these reasons, the
research to diagnose cancer early on and
accurately to prevent and follow up the cancer
treatment and its side effects resulting from the
cancer treatment gain significance day by day
[20].
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Figure 4. Liver tissue histological appearance: control group (A): cancer group (B), cancer + 10 uM RIL group
(C), cancer + 2.5uM RNL group (D), cancer + 5 uM RNL group (E): sinusoidal dilatation (—), hyperemia
(™), mononuclear cell infiltration (*), H&E staining, Bar:100 pm, x10 magnification.
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Figure 5. The histopathological scoring of the liver in the experimental groups. ap < 0.05, compared to the
control group, bp < 0.05, compared to the cancer group.
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Although the effects of many drugs or agents in
the cancer models have been examined in
studies to date, the effects of RIL and RNL
treatment on testicular and liver tissue in
experimental prostate cancer have not been
investigated with an in vivo model before. In
our study, we aimed to show the infertility as
we anticipated that occurs by the prostate
cancer, since the toxicity that it will create in
the liver tissue and the therapeutic potential
may occur by repositioning of these drugs.

In our study, the primary tumors were observed
in about 10 days after subcutaneous inoculation
of Mat-LyLu cells into rats [16]. The essential
sequels of the systemic administration of RIL
and RNL to prostatic tumor-bearing rats were
as follows: (1) these treatments mostly
prevented testicular and liver damage occurring
by the prostate cancer model. (2) In the cancer
+ 10 uM RIL and cancer + 5 uM RNL group,
there was a decrease in the growth of primary
tumors insignificantly. Since prostate tissue is
not directly affected in the Dunning prostate
cancer model, we only evaluated the primary
tumor weight for the cancer formation process.
The Dunning prostate cancer model was not an
orthotopic model, it was administered via
subcutaneous injection and the target tissue was
not prostate. That’s why the first metastasis site
was lung tissue in the Dunning model, we
discussed the cancer related damage in the testis
and liver tissues due to this.

RIL, the only drug approved by the FDA for
treating amyotrophic lateral sclerosis, inhibits
cancer proliferation through its inhibitory effect
on glutamatergic signaling [21, 22]. It has been
reported that RIL treatment inhibits the growth
of brain tumor. The effects of RIL on these cells
have been reported to be related to the
inhibition of glucose transporter, a poor
prognostic indicator [21]. It demonstrated that
RIL inhibits cell growth in breast cancer [23].
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According to a different in vitro study, it has
been determined that 5 pmol/L RIL (and 20
umol/L RNL) have anti-invasive effects on
MAT-LyLu cells, and suggested RIL (and
RNL) may ultimately be “repurposed” as an
anti-metastatic drug against PCa [2]. It has been
reported that RIL inhibits cell cycle progression
and induces apoptosis in tumor cells [24]. The
androgen-dependent transcription factor and
androgen receptor enhance prostate cancer but
inhibiting androgen-dependent or androgen
biosynthesis induce remission for only a short
time. RIL exerts its anti-tumorigenic effects
[25].

RNL, a piperazine derivative sold under the
trade name of Ranexa, a selective inhibitor of
late sodium current, is a drug used in the
treatment of stable angina patients who cannot
be adequately controlled with first-line
antianginal agents or cannot tolerate these
treatments for any reason [26]. RNL has
proven to be effective in treating experimental
heart failure. It was shown that RNL attenuates
trastuzumab-induced heart dysfunction in mice
and reduces trastuzumab-induced apoptosis via
decreasing the occurrence of caspase-3
fragmentation. RNL limits the production of
reactive oxygen species in this experimental
model [27]. It was demonstrated that RNL
mitigates obesity-induced non-alcoholic fatty
liver disease and increases hepatic pyruvate
dehydrogenase activity. RNL treatment
reverses obesity-induced hepatic steatosis [28].
Matrigel invasion of Mat-LyLu cells and
secondary tumorigenesis (in  vivo lung
metastases) were inhibited by RNL [2,16].
Various mediator molecules of the immune
system during the development of cancer,
chemotherapeutic drugs used in cancer therapy,
and ionizing radiation used in radiotherapy can
cause damage to organs such as the liver and
testes [10, 11,12 ]. It suggested that the liver
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damage can also be caused by drugs,
particularly the anti-tubercular drugs, general
anesthetics, paracetamol, and some anti-cancer
drugs [29].

The main reason for studying testicular tissue
was its close functional association to the
prostate, both being parts of the male
reproductive system. More so, oxidative stress
which is coupled to increased reactive oxygen
species and DNA damage in sperm is the
leading cause of testicular damage. This
situation is directly linked to fertility potentials
and can result in infertility [30]. The causes of
male-induced fertility problems are cancer and
testicular damage. It is known that the prostate
tissue has an important contribution to fertility,
especially the seminal fluid that provides the
transport of sperm at the time of ejaculation
[31]. In a case report of a 48 year old patient
who was investigated for the metastasis of
prostate adenocarcinoma of the prostate, 9
years after the initial diagnosis, prostate
specific antigen was gradually elevated and a
tumor in the left testicle developed. It has been
suggested that testicular metastases may
develop, although not frequently, in advanced
prostate cancer cases [32].

Prostate cancer cells maintain various stages of
the metastasis process through stromal cells,
immune cells, and other cells within the tumor
microenvironment, as well as cytokines and
chemokines secreted by the metastatic site.
These proteins exert their effects through
autocrine or paracrine mechanisms. The most
common site of metastasis for prostate cancer is
bone (84% of cases), followed by distant lymph
nodes (10.6%), liver (10.2%), and lungs
(9.1%). Testicular metastases of primary
prostate carcinoma are very rare, ranging from
0.18% to 0.5%, and it is said that their diagnosis
can pose great difficulties. The mechanism of
metastasis from prostate to testis may vary [33].
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To demonstrate the protective effect of the RIL
and RNL on testicular damage in rat prostate
cancer will be useful in identifying new positive
therapeutic options in clinical infertility trials.
The histology of the seminiferous tubules in
testicular tissues is evaluated as normal,
regressive, degenerative, and atrophic [18]. In
the present study, the histological evaluation of
the testes of rats bearing prostate cancer showed
an increase in the abnormal tubules and
disorganization. We believe that the
histopathological signs of damage observed in
the cancer-control group may be an indicator of
the development of the infertility process in the
prostate cancer model. We can say that the
administration of RIL and RNL protects the
testicular tissue against infertility which may
occur due to the histopathological damage
caused by cancer.

The main reason for examining liver tissue is
that it is the tissue that we expect to be most
affected by toxic damage in the cancer process.
The liver is an important organ exposed to
attack by reactive oxygen species. The liver is
involved in many basic physiological events.
Glucose  homeostasis, protein, lipid,
lipoprotein, and bile acid production, as well as
biotransformation, detoxification, conjugation,
and excretion of endogenous and exogenous
compounds are among the major functions of
the liver [34].

There is no information in the literature about
liver toxicity in prostate cancer. It was
suggested that prostate cancer is a prominent
metastatic dormant cancer. It has the worst
prognosis when found in the liver compared to
other metastatic sites. These metastatic nodules
result in an adverse reaction in the pro-
metastatic microenvironment; decline, as
decided by both dormancy from the nodules
name [35]. In our study, there was a significant
increase in liver histological damage in cancer-
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control groups compared to the healthy control
group. RIL and RNL treatment groups were
significantly reduced in liver histological
damage compared to the cancer-control group.
We can say that RIL and RNL application
protects the liver tissue which may occur due to
the histopathological damage caused by cancer.
There are some limitations not studied. This is
a part of study, with a small sample size.
Animal experiments were planned by
considering the minimum number and power
analysis that would give a statistically
significant result on the grounds of ethical
committee obligations. Pharmacological doses
were determined based on our previous in vitro
findings. In future studies, it is foreseen that the
study with different doses and drug
combinations will be investigated more
extensively with projects with larger budgets.

Conclusions

In conclusion, the effect of RIL and RNL
application on testicular and liver damage in the
prostate cancer model was first investigated in
vivo. Nowadays, the drug repositioning subject
has gained attention for researchers and
pharmaceutical companies. Drug repositioning
involves the investigation of existing drugs for
new therapeutic purposes. Some drugs are
already in clinical use and can be repurposed as
anticancer agents. Especially, some agents have
troubling adverse effects that dramatically
reduce the life quality of cancer patients, so
drug repositioning is a promising strategy [36,
37]. In addition to reducing time and cost, off-
label drugs are also a low-risk strategy due to
their off-target effects. When comparing
repositioning and traditional drug development
subject, their safety verified as repositioned
drugs passed all clinical tests in Phase I, Phase
Il, and Phase Ill. Furthermore, some
repositioned agents can be as molecular entities
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and have more affiliations to be launched once
a new indication is discovered [38, 39]. Our
microscopic evaluations reveal that RIL and
RNL have a protective effect on the testes and
liver in the metastatic prostate cancer model.
Based on our results, it has been determined
that the two drugs (RIL, RNL), which are used
for other purposes in the clinic, have a positive
effect against the damage to the testes and liver
caused by the prostate cancer. The current study
could be a model investigation for future work
on developing agents for decreasing testicular
and liver damage caused by prostate cancer and
other types of cancer.
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