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Original Article

Ramelteon Protects Intestinal Tissue Against Injury
Caused by Methotrexate Via Showing Anti-apoptotic, Anti-
inflammatory and Antioxidant Properties

Ramelteon, Anti-apoptotik, Anti-enflamatuvar ve Antioksidan Ozellikler
Gostererek Barsak Dokusunu Metotreksatin Neden Oldugu Hasara Karsi Korur
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ABSTRACT

Objective: Methotrexate (MTX), a drug used in the treatment of
autoimmune diseases and cancers, is a folic acid antagonist, but it
has toxic effects on the gastrointestinal system (GIS). In this study,
we examined the anti-inflammatory, antioxidant and anti-apoptotic
effects of Ramelteon (RAM), a melatonin receptor agonist, on the
MTX-induced toxicity in the intestinal tissue of rats.

Methods: Thirty-two male Wistar albino rats were randomly
divided into 4 groups; Control group, MTX group, MTX +
RAM group, and RAM group. Single-dose 0.1 mL 20 mg/kg
MTX, saline or 0.1 mL 10 mg/kg RAM orally was administered
for 7 days. Animals were sacrificed at the end of 7 days after the
last drug administration. Then, intestinal tissues were collected for
biochemical, histopathological and immunohistochemical analyses.

Results: While normal histological findings and biochemical
parameters were observed in the control and RAM groups, in
the MTX group, mononuclear cell infiltrations, hemorrhagic
areas, degenerations in the submucosa and Lieberkuhn crypts
were observed in the intestinal sections. Caspase-3 (Cas-3) and
tumor necrosis factor-alpha (TNF-a) expressions, total oxidant
status (TOS) and oxidative stress index (OSI) increased and total
antioxidant status (TAS) decreased in the MTX group. RAM
treatment decreased Cas-3 and TNF-a expressions, TOS, OSI levels
and increased TAS levels.

oz

Amag: Otoimmiin hastaliklar ve kanserlerin tedavisinde kullanilan
bir ilag olan metotreksat (MTX), bir folik asit antagonistidir
ancak gastrointestinal sistem (GIS) iizerinde toksik etkileri vardir.
Bu ¢alismada, bir melatonin reseptor agonisti olan Ramelteon’'un
(RAM) siganlarin barsak dokusunda MTX ile indiiklenen toksisite
tizerindeki anti-enflamatuvar, antioksidan ve anti-apoptotik
etkilerini arastirdik.

Yontemler: Otuz iki erkek Wistar albino rat rastgele 4 gruba
ayrildi: Kontrol grubu, MTX grubu, MTX + RAM grubu ve RAM
grubu. Yedi giin boyunca tek doz 0,1 mL 20 mg/kg MTX, salin
veya 0,1 mL 10 mg/kg RAM oral yoldan uygulandi. Hayvanlar,
son ila¢ uygulamasindan sonra, yani 7. giiniin sonunda sakrifiye
edildi. Daha sonra, barsak dokulart biyokimyasal, histopatolojik ve
immiinohistokimyasal analizler icin toplandi.

Bulgular: Kontrol ve RAM gruplarinda normal histolojik
bulgular ve biyokimyasal parametreler gozlemlenirken, MTX
grubunda mononiikleer hiicre infiltrasyonlar, hemorajik alanlar,
submukozada dejenerasyonlar ve barsak kesitlerinde Lieberkuhn
kripderi gézlendi. MTX grubunda kaspaz-3 (Cas-3) ve tiimor
nekroz faktdr-alfa (TNF-a) ekspresyonlari, total oksidan seviyesi
(TOS) ve oksidatif stres indeksi (OSI) artt1 ve total antioksidan
seviyesi (TAS) azaldi. RAM tedavisi Cas-3 ve TNF-a diizeylerini,
TOS, OSI seviyelerini azaltirken TAS seviyelerini arttirds.
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Conclusion: In this study, RAM showed anti-apoptotic, antioxidant
and anti-inflammatory effects on MTX-induced toxicity in
intestinal tissue. Therefore, it was suggested that RAM might be
used in MTX-like toxicities to alleviate the side effects on the GIS.
Keywords: Intestinal injury, inflammation, methotrexate, oxidative
stress, ramelteon

Introduction

Methotrexate (MTX), is a folic acid synthesis inhibitor that is
widely used as a chemotherapeutic and immunomodulatory
agent (1). It is used in the treatment of rheumatological diseases
like arthritis as a Disease-Modifying Anti-Rheumatic Drug
(DMARD) and several types of childhood and adult cancers
such as osteosarcoma, non-Hodgkin lymphoma (2,3). However,
it is a cytotoxic agent and can cause toxic effects on liver, kidney,
bone marrow and gastrointestinal system (GIS) (4).

MTX, which inhibits DNA synthesis and cell proliferation by
binding to dihydrofolate reductase, causes an increase in the
production of reactive oxygen species (ROS) (6). This reduces
the amount of antioxidants that protect against damage and
causes an inadequate antioxidant response. It is known that ROS-
induced oxidative damage may result from the inflammation
process (7). Oxidative stress in the gastrointestinal tract may
lead to the progression of inflammatory disorders. Disruption
of the mucosal barrier in the gut may activate the innate
immune system and lead to the expression of pro-inflammatory
cytokines like tumor necrosis factor-alpha (TNF-a) (8,9). This
progression may result in the activation of apoptotic signaling
pathways inside the cell depending on increased caspase-3 (Cas-

3) levels (9,10).

The common side effects of MTX that limit its therapeutic
usage on the GIS can be classified as diarrhea, nausea, vomiting,
ulceration, enterocolitis, and mucositis (5). Therefore, elucidating
the molecular mechanism of MTX is important for eliminating
these side effects and improving the therapeutic efficacy of this
agent.

Ramelteon (RAM) is a potent and selective melatonin receptor-1
and 2 (MT1 and MT2) agonist drug and is generally used
in the treatment of insomnia (11,12). Studies revealed that
this agent exhibited anti-inflammatory effects by reducing
interleukin-6, TNF-a, interleukin-1beta, and transforming
growth factor-f cytokine levels (13,14). Moreover, Kandezi et al.
(15), demonstrated that RAM showed anti-apoptotic properties
by inhibiting JNK/Bcl-2-Beclin-1 or JNK/Bcl-2/Bax signaling
pathways and showed antioxidant effect via suppressing ROS
production.

In this study, we aimed to investigate the underlying mechanisms
of RAM’s protective effects against MTX-induced intestinal
toxicity through antioxidant, anti-inflammatory, and anti-
apoptotic pathways.

Sonug: Bu calismanin sonucunda RAM, barsak dokusunda MTX
kaynakli toksisite iizerinde anti-apoptotik, antioksidan ve anti-
enflamatuvar etkiler gosterdi. Bu nedenle, GIS iizerindeki yan
etkileri hafifletmek icin MTX benzeri toksisitelerde RAM’nin
kullanilabilecegi 6ne stirtilmiistiir.

Anahtar Sézciikler: Barsak hasari, enflamasyon, metotreksat,
oksidatif stres, ramelteon

Method
Animals

Adult male Wistar albino rats (n=32; 250-300 g) were purchased
from the Animal Research Laboratory of Siileyman Demirel
University. The animals were accommodated in standard
laboratory conditions to acclimatize for at least seven days before
experimentation. Then, they were group-housed under a 12:12-
hour light: dark cycle with constant temperature (241 °C) and
humidity (50+10%) with access to food and water ad libitum.

Experimental Procedures

All animal procedures were conducted following the guidelines
for animal research from the National Institutes of Health
and were approved by the Committee on Animal Research at
Siileyman Demirel University, Isparta (ethic no: 11.09.2020
06/15).

Thirty-two rats were randomly divided into 4 groups with 8 rats
in each group: Control group: 0.1 mL of saline was administered
by oral gavage (p.o.) for 7 days and intraperitoneal (i.p.) 0.1
ml of saline was administered on day 2. MTX group: 0.1 mL
saline p.o. for 7 days and single dose 0.1 mL 20 mg/kg MTX i.p.
(MTX 50 mg/mL vial, Kogak, Turkey) was administered on day
2 (16). MTX + RAM group: 0.1 mL 10 mg/kg RAM (Ramelda,
Abdi Ibrahim, Turkey) p.o. for 7 days and single dose 0.1 mL 20
mg/kg MTX i.p. was administered on day 2. RAM group: 0.1
mL 10 mg/kg RAM p.o. for 7 days and 0.1 mL of saline i.p. was
applied on day 2 (17).

At the end of the 7 days after the last drug administration,
animals were sacrificed under anesthesia with solution mixture
containing ketamine (80-100 mg/kg) (Alfamin, Alfasan IBV)
and xylazine bio 2% solution (8-10 mg/kg) (Bioveta, Czech
Republic). Then, intestinal tissues were collected. One-half of
the tissue was stored at (-20 °C) for biochemical measurements.
The remaining part of the tissue was fixed in 10% buffered
formaldehyde for histopathological and immunohistochemical
analyzes. All these procedures are shown in Figure 1.

Histopathological Analysis

Intestinal tissues taken from rats were washed in water overnight,
10% neutral formaldehyde solution was used to fix them and
embedded in paraffin. Samples from the prepared paraffin
blocks were sectioned with a thickness of 3-4 mm with a sliding
microtome (Leica SM2000R, Germany) and Hematoxylin-Eosin
staining was performed, then covered with mounting medium. A
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i.p. Methotrexate
administration

After sacrification step,
collection of intestinal tissues

p.o. Ramelteon
administration for 7 days

Figure 1. Graphical abstract for experimental procedures

semi-quantitative analysis of histopathological findings was then
calculated to allow comparison between the groups. All groups
were analyzed and evaluated with a photomicroscope according
to scoring by Refaiy (18).

Immunohistochemical Analysis

Intestinal tissues with 3-4 pm thicknesses were fixed in 10%
neutral formaldehyde solution and embedded in paraffin before
histological methods were utilized. Tissues were stained with
TNF-a (rabbit TNF-a antibody, Abcam, Cambridge, USA) and
Cas-3 (rabbit Caspase-3 antibody, Abcam, Cambridge, USA)
primary antibodies and were covered with mounting medium.
Then, immunohistochemical methods were applied and results
were evaluated by a semi-quantitative method (16).

Biochemical Analysis

Biochemical analyses included measurements of TAS, TOS,
and OSI levels. Homogenization of intestinal tissue samples
was carried out with the Ultra Turrax Janke & Kunkel T-25
homogenizer (IKA® Werke, Germany). By using commercial
kits (Rel Assay Diagnostics, Gaziantep, Turkey), the total
antioxidant status (TAS) and total oxidant status (TOS) were
measured spectrophotometrically (Beckman Coulter AU5800,
Beckman Coulter, USA), and according to results, OSI values
were calculated using the formula OSI = TOS/TAS [Erel (19)].
In the TAS analysis which determined the antioxidative effect
of the sample against the potent free radical reactions triggered
by the produced hydroxyl radical; antioxidants were reduced
in the sample from a dark blue-green colored 2,2’-azino-bis
(3-ethylbenzthiazoline-6 sulphonic acid; ABTS) radical to a
colorless ABTS form. The changing of absorbance at 660nm was
related with TAS level of the sample. The results are presented
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with millimolar Trolox equivalents per liter (mmol Trolox Eq/L)
unit (19).

In the TOS analysis, oxidants found in the sample oxidized
the ferrous ion-dianisidine complex to the ferric ion. The
oxidation reactions were raised with glycerol molecules of the
reaction medium. The ferric ion forms a colored complex with
xylenol orange in an acidic medium. The intensity of the color
is related to TOS levels in the samples. TOS was measured
spectrophotometrically at 530 nm by using commercial kits
(Rel Assay Diagnostics, Gaziantep, Turkey). Hydrogen peroxide
(H,O,) was used in the calibration of this assay. Results were
presented with micromolar H,O, equivalents per liter (pumol
H,O, Eq/L) unit (20).

Statistical Analysis

Data were analyzed using Graphpad Prism software (Prism5,
San Diego, California, US). One-way ANOVA followed by
Bonferroni multiple comparison test was performed for analyzing
statistical significance of differences between control and
experimental groups. Differences were considered significant for
p<0.05. All results were expressed as mean + standard deviation.

Results

Total Oxidant Status (TOS), Total Antioxidant Status (TAS),
and Oxidative Stress Index (OSI)

The TAS levels decreased significantly compared to the control
group in the MTX administered group (p<0.05). In the MTX
+ RAM and RAM groups, TAS levels elevated compared to
the MTX group (p<0.01 for both). TOS levels significantly
elevated in the MTX group compared to the control group
(p<0.001), decreased both in MTX + RAM and RAM groups
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compared to the MTX group (p<0.001, p<0.05, respectively).
OSI levels elevated in the MTX group compared to the control
group (p<0.001). In MTX+RAM and RAM groups, OSI levels
attenuated compared to the MTX group (p<0.01) (Figure 2).

Histopathological Findings

Significant difference was observed between the control
group and the MTX, MTX + RAM groups in HE staining of
intestinal tissue sections (p<0.05). Histopathological findings
demonstrated mononuclear cell infiltration, hemorrhagic areas,
degeneration in the submucosa and crypts of Lieberkuhn were
detected in the MTX group and RAM treatment reversed these
findings (p<0.05) (Figure 3, Table 1).

Immunohistochemical Findings

According to findings of immunohistochemical staining in
intestinal tissue sections, TNF-a and Cas-3 expressions were
found significantly higher in MTX, MTX + RAM groups
compared to the control group (p<0.01, p<0.05, respectively, for
both). TNF-a and Cas-3 expressions decreased significantly in

the MTX + RAM group, compared to the MTX group (p<0.05,
for both). No significant difference was examined between the
control and RAM groups (Figure 4, Table 2).

Discussion

The MTX is already a widely used drug in the treatment of
malignant and nonmalignant diseases. It is used in autoimmune
diseases such as systemic lupus erythematosus and rheumatoid
arthritis (3). Although it is preferred as a chemotherapeutic
agent, hepatic and renal toxicity that causes complications limit
its usage. Due to the fact that it causes DNA damage, side effects
are not limited to hepatic and renal toxicity, and it can also lead
to harmful conditions in other tissues. MTX also affects human
gut microbiota resulting in alteration of host immunity (21).
These circumstances can cause gastrointestinal complications
in patients. The findings from histopathological examinations
might be consequences of microbiota changes depending
on MTX administration. As a result of histopathological
examination, mononuclear cell infiltration in intestinal tissue
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Figure 2. Values are represented as means + SD. Comparison between groups and results of oxidative stress markers were assessed
by one-way ANOVA test followed by post hoc Bonferroni multiple comparison test

MTX: Methotrexate, RAM: Ramelteon, TOS: Total oxidant status, TAS: Total antioxidant status; OSI: Oxidative stress index, SD:

Standard deviation
***p<0.001 **p<0.01 * p<0.05

MTX+RAM

Figure 3. Histopathological findings in intestine tissues belonging to control and experimental groups: a- CONTROL group, no
histopathological findings were found. b- MTX group, ¢- MTX + RAM group, d- RAM group. Red arrows; mononuclear cell infiltration,

black arrows; hemorrhagic areas, yellow arrows; sinusoidal degeneration in the submucosa and blue arrows; degeneration in
Lieberkuhn crypts, HE, x40

MTX: Methotrexate, RAM: Ramelteon
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Table 1. Average score of histopathological findings between all groups

Mononuclear cell

Groups infiltrations Hemorrhagic areas
Control - -[+

MTX +++ ++/+++

MTX + RAM +/++ ++

RAM = =

. Degenerations of lieberkuhn
Degenerations of submucosa

crypts
- o[+
++ 4+
-/+ ++
- [+

(-), negative score: No structural changes; (+), 1 positive score: Light structural changes; (++), 2 positive score: Mild structural changes; (+++), 3 positive score: Serious

structural changes
MTX: Methotrexate, RAM: Ramelteon

MIX

CONTROL

Cas-3

MTX+RAM

Figure 4. TNF-q, and Cas-3 immune staining in intestine tissues belonging to control and experimental groups: a-a1; CONTROL group,
b-b1; MTX group, ¢-c1; MTX + RAM group, d-d1; RAM group. a-a1; CONTROL group, no positive staining, b-b1; MTX group, positive

staining, c-c1; MTX + RAM group, mild positive staining, d-d1; RAM group, no positive staining, x40.
MTX: Methotrexate, RAM: Ramelteon, Cas-3: Caspase-3, TNF-a: Tumor necrosis factor-alpha

Table 2. TNF-a and cas-3 marking average degrees between all groups

Control MTX
TNF-a 0.19+0.4632 2.53+0.51°
Cas-3 0.15+0.3542 2.78+0.344°

MTX + RAM RAM
1.65+0.453¢ 0.23+0.374°
1.78+0.364¢ 0.21£0.443°

Values are expressed as means + SD. The comparison between groups and results are evaluated by one-way ANOVA. a, b, ¢; different characters indicate statistically

significant differences in the same column, p<0.05, p<0.01, p<0.001.

TNF-a: Tumor necrosis factor-alpha, Cas-3: Caspase-3, MTX: Methotrexate, RAM: Ramelteon

was a clue for an inflammatory pathway that resulted in the
occurrence of hemorrhagic areas, degenerations of the submucosa
and formation of Lieberkuhn crypts.

Damaged intestinal tissue indicates that there may be blood flow
from the hemorrhagic areas into the intestinal lumen. In addition,
disruptions may occur in functions such as fluid absorption and
mucus secretion due to degeneration in the submucosa layer and
Lieberkuhn layers. As a result of all these, GIS complications
such as diarrhea, blood in the urine or stools, vomiting, nausea
and indigestion can be seen (22,23).
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Moreover, MTX can lead to side effects due to both long and
short-term usages. Myelosuppression, abnormalities of liver
enzymes and toxicity in the male-reproductive system are possible
adverse effects of long-term usage of MTX (24,25).

It is also known that MTX induces overexpression of ROS
which initiates mucositis, followed by up-regulation of nuclear
factor kappa B pathway-mediated pro-inflammatory cytokine
production such as TNF-o which may stimulate apoptosis
(26). Morsy et al. (27), studied the toxic effects of MTX on the
intestine of rats and found that this agent increased oxidative and
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nitrosative stress marker levels in the intestinal mucosa by causing
up-regulation of nuclear factor kappa B, cyclooxygenase-2, and
increasing TNF-o and Cas-3 levels. In this study, according to
biochemical analyses and immunohistochemical examinations,
increments in TNF-a, Cas-3 expressions and TOS and OSI
levels in the MTX group confirmed this view.

The RAM is a widely used drug in the treatment of insomnia
showing a high affinity for MT receptors; MT1 and MT2.
Antioxidant effects of melatonin are thought to be the result
of its radical-scavenging ability by the MT receptor (28).
Moreover, Wang et al. (17), showed that RAM treatment
improved dysfunction of brain endothelial, oxidative stress, and
inflammation via activating nuclear factor erythroid 2-related
factor 2 pathway in traumatic brain injury. In the isoflurane-
induced in vitro cell culture model of brain microvascular
endothelial cells, RAM downregulated p38 MAPK/NF-xB
signaling pathway activation and exhibited an anti-inflammatory
effect (29). In the present study, our results confirmed anti-
inflammatory, antioxidant, and anti-apoptotic properties of
RAM on short-term MTX-induced toxicity in intestinal tissue
by diminishing TOS, OSI levels and TNF-a., Cas-3 expressions.
In parallel to these results, it also decreased mononuclear cell
infiltrations, hemorrhagic areas, degenerations in the submucosa
and formation of Lieberkuhn crypts in the intestinal tissues. In
line with these observations, to support conceivable molecular
mechanisms of RAM on MTX-induced toxicity, additional

studies are required.

Conclusion

The RAM, which was a melatonin receptor agonist, showed anti-
apoptotic, antioxidant, and anti-inflammatory effects on MTX-
induced toxicity in intestinal tissue. Although, MTX is a one of
widely used chemotherapeutic agent in the treatment of many
diseases, it has toxic effects on the tissues in dose dependent
manner. This study showed that RAM could be a preferable
drug candidate in MTX-like toxicities to alleviate the side effects
on the GIS and might increase patient compliance during the
treatment period. However, molecular studies are required to
support histochemical, immunohistochemial and biochemical
analyzes, therefore our studies will be continuing towards this
goal.
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