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Abstract. - OBJECTIVE: Methotrexate (MTX)
is a folic acid antagonist used in chronic inflam-
matory diseases and various cancer treatments.
Although the main mechanism of the toxic effect
of MTX is not known, it is stated that it causes
oxidative stress and inflammation. Alpha-linole-
nic acid (ALA) protects against oxidative stress,
apoptosis, and inflammation. For this reason,
we aimed to find out the useful effect of ALA on
MTX-induced nephrotoxicity

MATERIALS AND METHODS: The mice
were divided into 4 groups randomly. The con-
trol group was treated with physiological saline
solution; the ALA group was treated with ALA
(200 mg/kg) by gavage; MTX-treated group re-
ceived 20 mg/kg i.p. (intraperitoneal) MTX; and
MTX+ALA treated group received 20 mg/kg i.p.
MTX and ALA 200 mg/kg by gavage. All of the
drugs were performed once a day for 9 days.

RESULTS: Alpha-linolenic acid significant-
ly decreased oxidative stress parameters and
MTX-induced inflammatory and apoptotic medi-
ators. Furthermore, histopathological examina-
tion showed that MTX induced significant edem-
atous damage, and ALA treatment attenuated
this damage in renal tissue.

CONCLUSIONS: Our results revealed that
ALA may be helpful against MTX-induced neph-
rotoxicity in mice via its antioxidant and anti-in-
flammatory properties.
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Introduction

Methotrexate (MTX), used in treating various
malignancies and chronic inflammatory diseas-
es, is a folic acid antagonist. Since MTX inhibits
dihydrofolate reductase, it has an antifolate-type
antimetabolite effect; it restricts the synthesis of
DNA, RNA, and proteins'. Since the kidneys are
the primary excretion site (80-90%), it accumu-
lates in patients with impaired renal function,
has a toxic effect on the bone marrow, and may
cause pancytopenia’. MTX can also acutely
impair kidney functions by causing direct tox-
ic effects on tubule epithelial cells through its
metabolites and MTX crystals, causing intra-
tubular obstruction®. It has been reported' that
MTX may have significant toxic effects on the
liver, gastrointestinal system (GIS), lungs, skin,
and nerves, as well as in the bone marrow and
kidneys. However, the main mechanism of the
nephrotoxic effect of MTX is unknown. It is
stated that it causes oxidative stress and inflam-
mation. Oxidative stress increases the amount of
lipid peroxidation and decreases the antioxidant
expression in the liver; it is indicated that histo-
pathologically, it causes changes ranging from
fatty changes to fibrosis®.

Alpha-linolenic acid (ALA) [(9Z, 12Z,
157)-9,12,15-octadecatrienoic acid] is an n-3
polyunsaturated fatty acid (PUFA) essential
for health. It cannot be produced in the human
body®. It is found naturally in flaxseed and
many plants. Previous studies' show that ALA
is a protective agent against oxidative stress,
inflammation, and apoptosis. The useful ef-
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fect of ALA on oxidative stress was revealed
by normalized intracellular glutathione (GSH)
concentrations and decreased inducible nitric
oxide synthase (iNOS) expression. ALA also
shows a useful effect against inflammation by
reducing Nuclear Factor kappa B (NF-xB) ac-
tivation and cyclooxygenase-2 (COX-2) expres-
sion®. It also has been revealed”® that ALA acid
is useful against apoptosis by reducing levels of
caspase-3 protein.

In this study, we aimed to find out the useful
effects of ALA on MTX-induced nephrotoxicity
in mice by analyzing parameters of oxidative
stress, and inflammatory and apoptotic media-
tors.

Materials and Methods

Chemicals

MTX (20 mg/kg) and ALA (all-MTX-9,12,15-
octadecatrienoic acid) were purchased from Sig-
ma Aldrich (St. Louis, MO, USA).

Experimental Process

Ethics committee approval was obtained from
Cukurova University Experimental Research An-
imals Ethics Center (TIBDAM) with decision
number 9 at meeting number 5 on 03.09.2019.
Our study obtained mice (weighing 30 g, 32
males BALB/c albino) from Cukurova University
Experimental Research Animal Ethics Center
(TIBDAM). Animals were kept in a 12-hour
light and 12-hour dark cycle at 20-22°C and 50-
55% humidity. Food and water were provided ad
libitum. Then, the 32 mice were randomly divid-
ed into four groups. Control group: 0.09% Na-
Cl (physiological saline) solution; ALA-treated
group: 200 mg/kg ALA by gavage; MTX-treated
group: 20 mg/kg intraperitoneal (i.p.) MTX; and
ALA+MTX treated group: 20 mg/kg i.p. MTX
and 200 mg/kg ALA. All of the drugs were ad-
ministered once a day for 9 days.

Animals were killed by cervical ejection 24
hours after the last injection. The kidneys of
mice were frozen at -80°C and stored in Eppen-
dorf tubes for use in quantitative experiments.
The levels of B-cell lymphoma gene-2 (Bcl-2),
Bcl-2-associated X (Bax), glutathione peroxi-
dase (Gpx), catalase (CAT), activated (cleaved)
caspase-3, myeloperoxidase (MPO), malondial-
dehyde (MDA) and superoxide dismutase (SOD)
were examined in kidney tissue samples.
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Homogenization of Tissue

3 ml Radio-Immunoprecipitation Assay
(RIPA) buffer (Sigma Aldrich, St. Louis, MO,
USA), 30 pl phenylmethane sulfonyl fluoride
(PMSF) (Sigma Aldrich, St. Louis, MO, USA),
30 ul sodium vanadate, protease inhibitor of
30 pl was added to the tissues in Eppendorf
tubes, then, the tissues were lysed on ice by
using an ultrasonic disintegrator. The homog-
enates were then centrifuged at 10,000 rpm for
10 minutes, the supernatants were removed,
and the remaining pellets were discarded fro-
zen at -20°C.

Biochemical Analyses

Bradford method was used for the total protein
of samples. Determination of MDA, MPO, SOD,
GPx, and CAT activity was done as described in
a previous work”.

ELISA (Enzyme Linked Immunosorbent
Test) Test

The value of Bcl-2, Bax, COX-2, cleaved
caspase-3, iNOS, and phospholipase A2 (cPAL2)
enzymes was tested by ELISA according to the
manufacturer’s test protocol. ELISA kits were
purchased from R&D Systems, Inc. (Minneapo-
lis, MN, USA).

Statistical Analysis

Statistical analysis used Graph Pad Prism 4.0
(Graph Pad Software, San Diego, CA, USA). Data
were stated as mean + standard error. Compar-
isons of the group were made using a one-way
analysis of variance (ANOVA) (Bonferroni post
hoc) test. p-values were considered significant if
lower than 0.05.

Results

MTX-induced MDA and MPO levels com-
pared to the control group. ALA reduced MDA
and MPO levels that were induced by MTX com-
pared to only the MTX-treated group (p<0.05)
(Figure 1).

Bax and cleaved-caspase-3 levels were found
to be significantly higher in the MTX-treated
group than in the control group (p<0.05).
However, Bax and activated caspase-3 lev-
els were substantially lower in the ALA +
MTX-treated group than in the MTX-treated
group (Figure 2).
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Figure 1. MDA and MPO levels in the groups.

Bcl-2 levels were significantly decreased in
the MTX-treated group compared to the con-
trol group (p<0.05). They were significantly in-
creased in the ALA + MTX-treated group than in
the MTX-treated group (p<0.05) (Figure 2).

MTX reduced the expression of SOD, CAT,
and GPx compared to the control group (p<0.05).
ALA significantly increased the level of SOD,
CAT, and GPx compared to the MTX-treated
group (p<0.05) (Figure 3).

COX-2, cPLA2 and iNOS levels were found
to be significantly higher in the MTX-treat-
ed group than in the control group (p<0.05).
However, COX-2, cPLA2, and iNOS lev-
els were significantly lower in the ALA +
MTX-treated group than in the MTX-treated
group (Figure 4).

The kidney biopsy specimen consisted of med-
ullary and cortical areas. Damage caused by
MTX appeared to affect the interstitial space
primarily. Thus, glomerular cells were normal,
but there was significant interstitial edema. It
was shown that ALA treatment attenuated edema
(Figure 5).

Discussion

Nephrotoxicity is a significant side effect of
methotrexate'®. Methotrexate-induced toxicity
depends on many factors, such as the duration
and dose schedule of treatment with methotrex-
ate'’. Our findings showed that MTX adminis-
tration induced the apoptotic pathway. However,
MTX application also caused an increase in
oxidative stress. In studies', it has been demon-
strated that the decrease in the level of glutathi-
one with MTX application reduced the activity
of the antioxidant defense system that protects

the cells by scavenging reactive oxygen radicals
such as hydroxyl radicals, superoxide anion,
hydrochloric radicals, and hydrogen peroxide.
In another study'?, it was shown that oxidative
stress, especially neutrophil infiltration, plays
a role in the damage to the small intestine
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Figure 2. Bax, cleaved caspase-3 and Bcl-2 levels in the
groups
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Figure 3. SOD, CAT and Gpx levels in the groups.

induced by MTX. In another study®, they re-
vealed that oxidative stress has an initial role in
methotrexate nephrotoxicity. When phagocyt-
ic leukocytes are overstimulated, they increase
their oxygen consumption. This event is called
a respiratory/oxidative burst of neutrophils; ac-
tivated neutrophils secrete some enzymes such
as myeloperoxidase, elastase, and protease and
release oxygen radicals. Myeloperoxidase is
a determinant of neutrophil infiltration and is
important for neutrophil functions. In addition
to their direct damaging effects on tissues, free
radicals also cause tissue damage by collecting
leukocytes in the damaged tissue'’. However,
methotrexate has been reported’® to increase
inducible nitric oxide levels in the kidney. ALA,
which we used in our study, has both antioxidant
and anti-inflammatory properties. Our findings
showed that MTX-induced apoptosis induction,
inflammation, and reduced oxidative stress.
ALA protects the heart and cardiovascular
system'. ALA has potent antioxidant and an-
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Figure 4. COX-2, cPLA2 and iNOS levels in the groups.

ti-inflammatory activity'®. Inhibiting oxidative
stress also contributes to the prevention of the
expression of inflammatory mediators”. ALA
also attenuates inflammation caused by lipopro-
tein saccharide (LPS), NF-xB translocation and
phosphorylation of mitogen-activated protein ki-
nase (MAPK). This inhibition decreases levels of
iNOS, COX-2, and TNF-alpha, which are inflam-
matory mediators®. Studies® have reported that
ALA is protective against gentamicin-induced
nephrotoxicity.

Conclusions

Our study revealed that co-treatment of ALA
with MTX reduced the toxic effects of MTX.
Considering that MTX has a wide area of use
in rheumatology and cancer treatment, it is im-
portant to reduce its side effects. In conclusion,
combining MTX with alpha-linolenic acid will
reduce the nephrotoxic effects of MTX.
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Figure 5. Micrograph of the kidney of control mice (A); mice treated with alpha-linolenic acid (B); mice treated with MTX
(C); mice treated with MTX+ALA (D). Alpha-linolenic acid indicated no toxic effect on kidneys, while cisplatin administration
resulted in edema. ALA administration attenuated edema induced by MTX (Light micrograph sections of the kidney of control
mice. Arrow: glomerulus (renal corpuscle), asterisk: tubulus. Scale bar = 100 um)
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