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Abstract

Aim: Methotrexate (MTX), a folic acid antagonist, is widely used in the treatment of
many malignancies. However, various serious side effects caused by MTX limit its clinical
use. Neurotoxicity is one of the most important side effects seen during MTX treatment.
Oxidative damage is explained as one of the side-effect mechanisms caused by MTX. In
addition to the many health benefits of fish oil (FO), its antioxidant properties have also
been shown in various studies. In this study, it was aimed to investigate the potential
beneficial effects of FO against oxidative brain damage caused by MTX.
Materials and Methods: Twenty-eight rats were randomly divided into 4 groups (n =
7). The first group is the control group. The second group was determined as the FO
group and 1000 mg / kg / day FO was given by gavage to the rats in this group for two
weeks. The third group was determined as MTX group and a single dose of 20 mg / kg
MTX was injected intraperitoneally to the rats in this group on the third day. The fourth
group was determined as MTX + FO group, and the rats in the group were given MTX
and FO in similar doses together.
Results: The administration of MTX caused significant increase in TBARS levels com-
pared to the control group, and significant decrease in SOD, GPx and CAT activities.
However, the administration of FO with MTX caused statistically significant decrease in
TBARS level and a significant increase in SOD and GPx activities compared to MTX
group. On the other hand, there was no difference between the groups in terms of GSH
levels. In addition, administration of MTX did not cause a histopathologically significant
lesion in the brain tissue.
Conclusion: Our results support that the use of FO may benefit against neurological
oxidative damage caused by MTX.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed under
the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Folic acid is one of the B-complex vitamins that acts as
a coenzyme in the metabolism of nucleic acids and amino
acids, and in the reactions of transporting single-carbon
units. Methotrexate (MTX) is a folic acid antagonist and
inhibits cell proliferation by inhibiting de novo pyrimi-
dine and purine synthesis [1]. MTX, which binds to di-
hydrofolate reductase with great affinity and blocks this
enzyme, thus prevents the conversion of dihydrofolate to
tetrahydrofolate and stops protein synthesis [2]. MTX is
widely used in the treatment of many malignancies such as
leukemia, various autoimmune and inflammatory diseases
such as rheumatoid arthritis and inflammatory bowel dis-
ease, and some gynecological disorders such as gestational

∗Corresponding author:
Email address: kursatkaya023@gmail.com ( Kursat Kaya)

trophoblastic diseases and ectopic pregnancy [1, 2].
However, various serious side effects caused by MTX limit
its clinical use [5]. During MTX treatment, serious side
effects can be observed in many organs and tissues, es-
pecially in the gastrointestinal system, liver, kidneys and
nervous system tissues [6]. Methotrexate-related toxicity
occurs due to the interaction of many factors such as dose,
duration of treatment, risk factors of patients, type of dis-
ease, and genetic and molecular apoptotic factors [7]. Neu-
rotoxicity, which is frequently seen during MTX treatment,
can occur in acute, subacute and late forms after various
administration methods [6, 7]. High-dose MTX has been
associated with demyelination, white matter necrosis, loss
of oligodendroglia, axonal swelling, microcystic encephalo-
malacia, and deep cerebral white matter atrophy in both
intravenous and intrathecal administration [9]. Acute and
chronic MTX neurotoxicity is thought to be associated
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with a reduction in hippocampal neurogenesis and specifi-
cally affects behaviors controlled by this brain region [10].
Neurological symptoms such as aphasia, weakness, sensory
deficits, ataxia, and seizures are seen in acute MTX neuro-
toxicity. The incidence of acute MTX neurotoxicity varies
between 3-10%, depending on the dose, route of adminis-
tration, frequency of administration, and use of leucovorin
[9].
Although not fully explained, oxidative stress and some in-
flammatory processes have been suggested to explain the
toxicity caused by MTX. An imbalance among oxidants
and antioxidant defense systems causes oxidative damage
and, oxidative damage has been described as one of the
most important causes of tissue damage caused by MTX
[3]. The central nervous system is very sensitive to ROS
attacks due to various reasons such as high oxygen intake,
neuronal membrane lipids rich in polyunsaturated fatty
acids, and having a moderate antioxidant defense system.
Hence, conditions such as MTX application, where free
radical formation and antioxidant defense capacity are ex-
ceeded, cause oxidative stress-mediated membrane disrup-
tion and cellular dysfunction [11]. In particular, peroxi-
dation products of polyunsaturated fatty acids caused by
oxidative substances interact with substances such as nu-
cleic acids and proteins, thereby exacerbating oxidative
damage [12]. It also accelerates oxidative processes by re-
ducing the availability of NADPH used by glutathione re-
ductase to maintain the reduced state of cell glutathione,
an important cytosolic antioxidant that protects against
reactive oxygen species [7].
Many studies have shown the beneficial effects of fish oil
(FO) on human health due to its richness in n-3 polyunsat-
urated fatty acids docosahexaenoic acid (DHA) and eicos-
apentaenoic acid (EPA). In addition to the necessity of n-3
fatty acids for normal growth and development, important
beneficial effects in both prevention and treatment of coro-
nary artery diseases, hypertension, diabetes, inflammatory
diseases, autoimmune diseases and cancer are stated [13].
Potential beneficial effects of n-3 fatty acids are associated
with protecting many tissues against oxidative damage due
to their location in the structure of biological membranes
[14].
In the literature review conducted by us, there is no study
investigating the effects of FO against MTX-induced ox-
idative damage. Therefore, this study was aimed to re-
search the potential useful influences of FO against oxida-
tive brain damage caused by MTX.

Materials and Methods
Chemicals
MTX (Koçak Farma, 500 mg / 20 ml) and fish oil [Solgar
Omega-3 950 mg (soft gelatin capsule; each capsule con-
taining 504 mg EPA and 378 mg DHA)] were purchased
from the pharmacy. All other chemicals used were of an-
alytical purity or the highest purity available and were
purchased from Sigma-Aldrich.

Animals and Experiment Design
Ethics committee approval of the study was obtained from
Adıyaman University Animal Experiments Local Ethics

Committee (2020 / 040-04.06.2020). In the study, 28
healthy male Sprague Dawley rats with a body weight of
250-300 grams were used. Sample size was determined by
power analysis. Excessive body weight loss, inability to
walk properly, severe reluctance to take food and water,
and significantly reduced response to stimuli were deter-
mined as exclusion criteria. However, no animals were ex-
cluded from the study due to exclusion criteria throughout
the study. Rats were obtained from Adiyaman Univer-
sity Experimental Animals Production, Application and
Research Center. During the study, feed and water were
given “ad libitum” to rats kept in polypropylene cages, at
21 ° C ambient temperature and 12-hour light-dark cycle.
A total of 28 rats were randomly divided into 4 groups
(n = 7). The first group was determined as the control
group and the rats in the control group were given corn
oil [14] by gavage once a day for 2 weeks and one dose of
physiological saline was injected intraperitoneally (i.p.) on
the third day. The second group was named as FO group,
and 1000 mg/kg of FO was given by gavage once a day for
2 weeks and one dose of physiological saline was injected
i.p. on the third day. The third group was named as MTX
group and rats were given corn oil by gavage once a day for
2 weeks and one dose of 20 mg/kg MTX was injected i.p.
on the third day. The last group was named MTX + FO
and rats in this group were given 1000 mg/kg of FO oil by
gavage once a day for 2 weeks and one dose of 20 mg/kg
MTX was injected i.p. on the third day. On the fifteenth
day, rats were euthanized by the exsanguination method
under general anesthesia with xylazine-ketamine mixture.
The brain tissues were rapidly removed as a whole, cut in
half from the sagittal plane on a cold glass. One of the
brain hemispheres was stored for histopathological exam-
inations. The other hemisphere was quickly frozen at -86
° C for later biochemical measurements.
Biochemical Measurements]Biochemical Measurements
Tissues were homogenized in 0.2 M Tris-HCl buffer (pH:
7.4) under cold chain conditions to obtain a 1:10 (w /
v) dilution of the entire homogenate. Homogenate was
used directly for thiobarbituric acid reactive substance
(TBARS) measurements. Superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPx) activ-
ities and reduced glutathione (GSH) levels were deter-
mined from the supernatants obtained by centrifuging ho-
mogenates at 3220 rpm for 30 minutes (4 °C). TBARS lev-
els, a lipid peroxidation marker, was measured using Yagi’s
method [15]. The products were evaluated spectrophoto-
metrically by measuring at 532 nm and the results were
shown as nmol / g tissue.
SOD, CAT and GPx are members of the cellular enzymatic
antioxidant defense system. By conversion superoxide an-
ion to hydrogen peroxide by SOD, CAT and GPx reduce
hydrogen peroxide to water and by this way they form
the first antioxidant defense line that makes the strongest
defense against free oxygen radicals [16].
The spectrophotometric method was used to determine
SOD, CAT, and GPx activities and the results were ex-
pressed as units / mg tissue protein. The method of Sun
et al., was used to determine the SOD activity [17]. In this
method, which is based on the inhibition of nitroblue tetra-
zolium (NBT) reduction caused by the superoxide radical
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produced by the xanthine/xanthine oxidase system, the
enzyme activity that inhibits NBT reduction by 50% is
accepted as 1 SOD activity. CAT activity was measured
using the method of Aebi et al. [18], based on the princi-
ple of following the degradation of hydrogen peroxide by
CAT effect in the form of absorbance decrease at 240 nm
wave length. The change in absorbance per unit time was
evaluated as a measure of CAT activity. GPx activity was
determined according to the method of Paglia and Valen-
tine [19]. In this method, GPx, which reduces hydrogen
peroxide to water, converts the reduced glutathione to its
oxidized form. In the presence of glutathione reductase
and NADPH in the environment, the oxidized glutathione
is reduced back to reduced glutathione. NADPH reduc-
tion is followed as absorbance decrease at 340 nm. This
decrease in absorbance is directly proportional to the GPx
activity. GSH is one of the members of the second line an-
tioxidant defense system. It cleans free radicals by giving
them electrons [16]. GSH levels were determined spec-
trophotometrically by measuring at 412 nm wave length
according to Sedlak and Lindsay’s method [20]. Tissue
GSH levels were expressed as nmol/mg tissue protein. The
Lowry method was used to determine the amount of brain
tissue protein [21].

Histopathological Evaluation
Brain tissues were taken after necropsy were fixed by im-
mersion in 10% buffered formaldehyde. Tissues undergo-
ing routine tissue follow-up procedures were embedded in
paraffin and sections with a thickness of 5 microns were
taken. Sections were stained with hematoxylin-eosin and
evaluated under a light microscope. Histopathologically, in
the telencephalon, diencephalon, mesencephalon, meten-
cephalon and myelencephalon; evaluations were made in
terms of the presence of degeneration, necrosis, chromatol-
ysis, satellitetosis, demyelination, myelin pallor, neuropil
vacuolization, axonal swelling and spheroid formation,
oligodendroglial swelling, intramyelin edema, macrophage
infiltrations, gemistocytic astrocytes and glial activation
and the groups were compared.

Statistical Analysis
All the statistical analyses of the obtained experimen-
tal data were performed using Statistical Package for the
Social Sciences (SPSS) v.25 (IBM Corp., Armonk, NY,
USA). Continuous variables were provided as mean ± stan-
dard error. Shapiro Wilk test were used for determination
of normal distribution. For independent groups compar-
isons, we used One Way Analysis of Variace (post hoc:
Tukey method) when parametric test assumptions were
provided. The Games-Howell test was used for the vari-
ables that did not show homogeneous variance. A p value
of <0.05 was set as the limit for statistical significance.

Results
Biochemical Results
Brain tissue TBARS, GSH levels and SOD, GPx and CAT
activities are shown in table 1. In our study, the appli-
cation of MTX caused meaningful rise in TBARS levels
compared to the control group, and meaningful reduce in

Figure 1. Histopathological views of the cerebral cortex
in the control (A), FO (B), MTX (C) and MTX-FO (D)
groups. H&E Bar: 100 µm.

Figure 2. Histopathological views of the cerebellum in
the control (A), FO (B), MTX (C) and MTX-FO (D)
groups. H&E Bar: 100 µm.

SOD, GPx and CAT activities. A decrease in GSH lev-
els was observed, but this was not statistically significant.
Application of FO with MTX caused statistically a mean-
ingful reduce in TBARS level and a meaningful rise in
SOD and GPx activities compared to MTX group. The
increase in CAT activity was not statistically significant.

Histopathological Results
Slight morphological changes were observed in all groups
due to the detection of brain tissues by the formalin im-
mersion method. However, in the histopathological exami-
nations of the mentioned areas of the brain and cerebellum
sections, no significant difference was observed between the
groups (Figure 1-3).

Discussion
MTX, a cytotoxic chemotherapeutic agent, is an antifolate
metabolite widely used in the treatment of many types of
cancer. In addition to its use in malignancies, it is the main
active ingredient preferred in the treatment of rheumatoid
arthritis and other rheumatic diseases [17, 18].
MTX-polyglutamates, which are formed as a result of
polyglutamation of MTX after it enters the cell, bind to
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Table 1. Changes in TBARS, GSH levels and SOD, GPx and CAT activities in the brain tissues of MTX and FO
applied rats (n = 7).

Brain TBARS(nmol/g wet
tissue)

GSH(nmol/mg tissue
prot.)

SOD(U/mg tissue
prot.)

GPx(U/mg tissue
prot.)

CAT (U/mg tissue
prot.)

(I) Control 32.37±0.95a 8.04±0.20 13.53±0.29a 0.89±0.03a 12.26±0.67a

(II) FO 30.75±0.86a 7.91±0.36 14.11±0.48a 0.89±0.03a 11.16±0.51a

(III) MTX 37.70±1.24b 6.15±0.92 10.97±0.50b 0.67±0.02b 9.68±0.48b

(IV) MTX+FO 32.90±1.13a 8.52±0.23 14.74±0.63a 0.93±0.05a 10.48±0.18a, b

p values
I-II 0.703 0.991 0.838 1.000 0.409
I-III 0.008 0.281 0.006 0.005 0.006
I-IV 0.984 0.458 0.328 0.925 0.079
II-III 0.001 0.352 0.001 0.005 0.046
II-IV 0.488 0.537 0.804 0.920 0.771
III-IV 0.019 0.151 <0.001 0.001 0.668

The means with different superscripts in the same column are statistically significantly different. Mean ± SEM, NS: not significant

Figure 3. Histopathological views of the hippocampus
region in the control (A), FO (B), MTX (C) and MTX-
FO [D) groups. H&E Bar: 200 µm.

dihydrofolate reductase enzyme with high affinity, render-
ing this enzyme dysfunctional. Inhibition of dihydrofolate
reductase enzyme stops protein synthesis by stopping the
synthesis of thymidine and purines, which need tetrahy-
drofolate for their synthesis [2]. Besides its widespread
use, MTX causes serious side effects in many tissues and
organs especially tissues with high proliferation that re-
quire dose limitation [4, 18]. Many previous studies have
demonstrated hepatotoxic, nephrotoxic, pulmonary, gas-
trointestinal, hematopoietic, carcinogenic, cardiac, testic-
ular and neurotoxic side effects of MTX [17, 19–21].

Although its incidence varies depending on the dose, route
of application, frequency of administration and the use of
folinic acid; neurotoxicity is among the most important
side effects that occur with MTX use [9]. How MTX-
induced central nervous system damage develops has of-
ten been explained by various mechanisms related to im-
paired folate balance and adenosine accumulation [3, 22].
However, oxidative stress is one of the most important
causal factors in tissue damage caused by MTX use [3].
MTX causes a decrease in glutathione level by decreas-
ing the level of NADPH and a decrease in S-adenosyl

methionine (SAM) level by decreasing the level of 5-
methyltetrahydrofolate. The decrease of these antioxi-
dant compounds results in the increase of reactive oxygen
species and lipid peroxidation [23, 24]. In addition, the
brain is one of the organs most susceptible to oxidative
damage. The reason for this is that the ability to resist
oxidative stress is limited together with the large oxida-
tive capacity brought about by consuming 20% of all the
oxygen used in the body [28].

In our study, administration of a single dose of 20 mg/kg
MTX reasoned a meaningful rise in TBARS levels and a
meaningful reduce in SOD, GPx and CAT activities in rat
brain tissue compared to the control group. GSH levels
also decreased, but without statistical significance. The
conclusions of our work are in accordance with the results
of prior works that revealed oxidative damage caused by
the effect of MTX in both brain tissue and various other
tissues. Pınar et al., showed that a single dose of 20 mg/kg
MTX administration significantly increased MDA levels in
rat liver and kidney tissues [26] and rat testis tissue [23]
and significantly decreased SOD, CAT and GPx activities.
In the study of Fikry et al. [29], it was reported that oral
MTX administration of 14 mg/kg 2 times a week caused
a significant increase in rat heart tissue MDA level and
a significant decrease in GSH level and CAT activity. In
the study of Vardi et al. [11], administration of a single
dose of 20 mg/kg MTX significantly increased MDA level
in rat cerebellum tissue and significantly decreased GSH
level and SOD and CAT activities. In the study of Kush-
waha et al. [30], oral MTX intake of 2 mg per day for
28 days significantly increased MDA levels and decreased
GSH levels in mouse brain tissues.

In many past studies, the potential beneficial effects of
various substances such as chlorogenic acid [11], caffeic
acid [27], alpha-lipoic acid [23], tempol [26] and gallic
acid [31] have been investigated in order to prevent the
side effects associated with MTX use. However, there are
very few studies investigating the effects of FO against
MTX-induced damage. Vanderhoof et al. [32], demon-
strated that FO ameliorates MTX-induced mucosal dam-
age. Horie et al. [33], reported that DHA strongly in-
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hibited small intestine damage caused by oral MTX ad-
ministration in mice. Nadhanan et al. [34], demonstrated
that FO significantly prevented the side effects of MTX on
bones. However, in the literature review conducted by us,
it was seen that there was only one study evaluating the
effects of FO against damage caused by MTX in terms of
oxidative parameters. In this study, Elbarbary et al [12].
showed that 1000 mg FO given in addition to MTX used
in the treatment of acute lymphoblastic leukemia patients
provided a significant improvement in SOD and GPx ac-
tivities, serum total antioxidant capacity and MDA levels.
There is no study has been encountered in the literature
investigating the effects of FO against MTX-induced brain
damage. Our study is the first research conducted in this
context. In our study, administration of 1000 mg oral FO
caused a meaningful reduce in TBARS levels and a mean-
ingful rise in SOD and GPx activities compared to the
MTX group. The increase in CAT level was not statis-
tically significant. Our results are in agreement with the
results of a limited number of similar previous studies.
This study, the effects of MTX and FO on the brain were
also evaluated histopathologically. Several previous stud-
ies have shown that MTX administration causes the Purk-
inje cells to lose their shape and shrink and the density of
Nissl bodies to decrease [11], suppression of cell prolifer-
ation in the dorsal hippocampus [35] and the formation
of abundant pycnotic neuroepithelial cells along the te-
lencephalic wall in fetal brain tissue [4]. In our study, it
was observed that a single intraperitoneal administration
of MTX at a dose of 20 mg/kg on the 3rd day of the study
did not cause a histopathologically significant lesion in the
brain. This can be explained by the fact that the level of
MTX-mediated lipid peroxidation is such that it does not
cause morphologically significant cell damage in the brain
tissue. As a matter of fact, two scenarios can be men-
tioned for the decrease of antioxidant enzymes in the case
of oxidative stress. The first is defense-related enzyme de-
pletion, in which the body may become unable to produce
any more enzymes against damage. The other scenario is
cyclic enzyme oscillations that occur when oxidative at-
tack and defense are at equal levels. In the first stage of
the attack on lipids, cells produce large amounts of an-
tioxidant enzymes, and enzyme levels appear to increase
at this stage. However, when enzymes capture these rad-
icals, enzyme production may stop for a while due to the
cyclic state [36]. The increase in TBARS biochemically
detected in our study and the decrease in antioxidant en-
zyme levels indicate an active defense state in the brain
that includes the aforementioned mechanisms. Thus, a
significant histopathological damage occurrence in the de-
fensive brain may have been prevented. However, depend-
ing on the application of higher doses of MTX, different
administration routes and duration, it is possible that a
damage may occur not only at the biochemical level, but
also at the morphological level.

Conclusion
In conclusion, this research demonstrated that MTX
causes oxidative damage in brain tissue and FO has the
potential to attenuate this damage. Therefore, we suggest
that FO may be beneficial in alleviating the neurological

oxidative damage that may occur in people receiving MTX
therapy.
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