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Effect of Mirtazapine on Gastric Oxidative Stress and
DNA Injury Created With Methotrexate in Rats
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In this study, effect of mirtazapine on gastric oxidative stress and DNA injury created with methotrexate was investigated. Experimental |
results showed that GSH (nmol/g protein), MDA (umol/g protein) and MPO (u/g protein) in the gastric tissue of the control group rats |
receiving methotrexate are 4.97 + 0.37, 2.78 + 0.30 and 3.12 + 0.18, respectively. GSH, MDA and MPO measurements in the gastric
tissue of rats receiving mirtazapine + methotrexate were detected to be 9.23 + 0.51(p < 0.0001), 1.80 = 0.31(p < 0.0001) and 1.63 + 0.25 |
(p <0.0001), respectively. GSH, MDA and MPO values in the intact rat group were found 8 + 0.38 (p < 0,0001), 1.63 + 0.28 (p < 0.0001) |
and 1.37£0.21 (p <0.0001), respectively. In addition, while 8-ohdG/dG quantity that DNA injury product in the control group administered |
methotrexate was 2.4 + 0.11 pmol/L, this quantity was 1.3 £ 0.14 pmol/L (p < 0.001), 1.1 + 0.10 pmol/L (p < 0.001) in mirtazapine and |
intact group, respectively. As a result, it was seen that mirtazapine prevents increase of oxidative stress and DNA injury created with
methotreaxete in the gastric tissue of rat. :
|
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INTRODUCTION administered MTX'". Also, they enable occurrence of 8-
hydroxyguanine (8-OHGua) that DNA injury product by
reaction of increased oxygen radicals with DNA"'. Therefore,
antioxidant treatment is considered to may be useful in
prevention or reduction of gastrotoxicity due to methotrexate.

In present study, mirtazapine will use in methotrexate
gastrotoxicity is an antidepressant drug used in treatment of
depression. In former studies, mirtazapine was demonstrated
to suppress production of enzymatic and non-enzymatic
oxidant parameters in the gastric tissue, antioxidants were to

Methotrexate (MTX) is the folic acid antagonist is used
for over 40 years in neoplasms, rheumatoid arthritis, psoriasis,
leukemias and treatment of some autoimmune diseases'?. It
was also found usage area in treatment of sarcoidosis, inflam-
matory bowel diseases and vasculitis®®. It prevents purine,
pyrimidine, deoxyribonucleic acid (DNA) synthesis by inhibi-
tion of dihydrofolic acid reductase enzyme and leads to cell
injury®. Methotrexate inhibits formation of tetrahydrofolate
from folic ac}d. Inhibition of fonngtion of tetrahydrgfolate is increase'. In literature studies, no information and finding
held responsible fqr both theurapotlc. effects and.tox.lc effects related to mirtazapine's protective effects on gastrotoxicity
of MTX'. Cytotoxic effect of MTX is not selective in cancer created with MTX.
cells. Therefore, toxicity due to MTX is seen in normal tissues
such as hemopoietic system, bone marrow and gastrointestinal
system (GIS) mucosa demonstrating high proliferation property.
One of the major effects due to MTX is GIS injury®. In toxicity
studies made with MTX, attention was drawn on oxidative EXPERIMENTAL
stress. Reactive oxygen products (ROP) play a basic role in
GIS injury due to MTX’. Suppression of enzymatic and non-
enzymatic antioxidant levels, elevation of oxidant levels were
shown in GIS, hepatic and renal tissues of experimental animals

In light of all these informations, objective of our study is
to observe the mirtazapine's effects on gastric oxidative stress
and DNA injury created with methotrexate.

In this study, 30 male albino Wistar rats obtained from
medical experimental application and research center of
Ataturk university and weighing between 210-220 g were used.
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Animals were housed and fed at normal room temperature
(22 °C) in groups before the experiment.

Chemical agents: Thiopental sodium is one of the chemical
agents used in the experiment was obtained from [.E. Ulagay-
Turkey, methorexate was from Med-Ilac-Turkey and mirtazapine
was from Organon Pharmaceuticals-USA.

Pharmacologic processes: 20 mg/kg dose of mirtazapine
was orally administered in a rat group (n-10) with catheter.
Distilled water as solvent was administered in the control group
(n-10). After 1 h of administration of mirtazapine and distilled
water, 5 mg/kg dose of methotrexate was intraperitoneally
injected in both groups. This procedure was repeated for 7
days. At the end of this period, all animals were sacrified with
high-dose anesthesia and biochemical examinations were
performed excising their stomach. Biochemical results obtained
from the mirtazapine group were evaluated comparing with
results obtained from the control and healthy groups.

Biochemical analyses

Total GSH determination: The amount of GSH in the
tissue was measured according to the method of Sedlak and
Lindsay". The tissue surface of the stomach was collected,
weighed and then homogenized in 2 mL 50 mM Tris-HCI
buffer containing 20 mM EDTA and 0.2 mM sucrose, pH 7.5.
The homogenate was immediately precipitated with 0.1 mL
of 25 % trichloroacetic acid and the precipitate was removed
by centrifugation at 4200 rpm for 40 min at 4 °C. The super-
natant was used to determine GSH using 5,5'-dithiobis(2-
nitrobenzoic acid. Absorbance was measured at 412 nm using
a spectrophotometer.

Determination of MPO activity: MPO activity was
measured according to the modified method of Bradley et al.'.
The homogenized samples were frozen and centrifuged at 1500
g for 10 min at 4 °C. MPO activity in the supernatant was
determined by adding 100 mL of the supernatant to 1.9 mL of
10 mmol/L phosphate buffer (pH 6.0) and 1 mL of 1.5 mmol/
L o-dianisidine hydrochloride containing 0.0005 % (wt/vol)
hydrogen peroxide. The changes in absorbance at 450 nm of
each sample were recorded on a UV-VIS spectrophotometer.

Determination of lipid peroxidation or MDA formation:
The concentrations of tissue lipid peroxidation were determined
by estimating MDA using the thiobarbituric acid test'”. In brief,
the rat stomach were promptly excised and rinsed with cold
saline. To minimize the possibility of interference of hemo-
globin with free radicals, any blood adhering to the tissue was
carefully removed. The tissue was weighed and homogenized
in 10 mL of 100 g/L. KCI. The homogenate (0.5 mL) was added
to a solution containing 0.2 mL of 80 g/L sodium lauryl sulfate,
1.5 mL of 200 g/L acetic acid, 1.5 mL of 8 g/L 2-thiobarbiturate
and 0.3 mL distilled water. The mixture was incubated at 98 °C
for 1 h. Upon cooling, 5 mL of n-butanol:pyridine (15:1) was
added. The mixture was vortexed for 1 min and centrifuged
for 0.5 h at 4000 rpm. The absorbance of the supernatant was
measured at 532 mn.

Isolation of DNA from gastric tissue: Gastric tissue was
drawn and DNA isolated using Shigenaga et al.'s modified
method". Samples (for stomach tissue 50 mg) were homo-
genized at 4 °C in 1 mL of homogenization buffer (0.1 M
NaCl, 30 mM Tris, pH 8.0, 10 mM EDTA, 10 mM 2-mercapto-

ethanol, 0.5 % (v/v) Triton X-100) with 6 passes of a Teflon-
glass homogenizer at 200 rpm. The samples were centrifuged
at 4 °C for 10 min at 1000 g to pellet nuclei. The supernatant
was discarded and the crude nuclear pellet re-suspended and
re-homogenized in 1 ml of extraction buffer (0.1 M Tris, pH
8.0, 0.1 M NaCl, 20 mM EDTA) and re-centrifuged as above
for 2 min. The washed pellet was re-suspended in 300 uL of
extraction buffer with a wide-orifice 200 uL Pipetman tip. The
re-suspended pellet was subsequently incubated at 65 °C for
1 h with the presence of 0.1 mL of 10 % SDS, 40 uL proteinase
Kand 1.9 mL leukocyte lysis buffer. Then, ammonium acetate
was added to the crude DNA sample to give a final concentration
of 2.5 mol/L and centrifuged in a micro centrifuge for 5 min.
The supernatant was removed and mixed with two volumes
of ethanol to precipitate the DNA fraction. After centrifugation,
the pellet was dried under reduced pressure and dissolved in
sterile water. The absorbance of this fraction was measured at
260 and 280 nm. Purification of DNA was determined as A
260/280 ratio 1.8.

DNA hydrolysis with formic acid: About 50 mg of DNA
was hydrolyzed with 0.5 mL of formic acid (60 %, v/v) for 45
min at 150 °C*. The tubes were allowed to cool. The contents
were then transferred to Pierce micro-vials, covered with
Kleenex tissues cut to size (secured in place using a rubber
band) and cooled in liquid nitrogen. Formic acid was then
removed by freeze-drying. Before analysis by HPLC, they were
re-dissolved in the eluent (final volume 200 pL).

Measurement of 8-hydroxy-2 deoxyguanine (8-OH
Gua) with HPLC: The amount of 8-OH Gua and guanine
(Gua) was measured by using a HPLC system equipped with
an electrochemical detector (HP Agilent 1100 module series,
E.C.D. HP 1049 A), as described previously***'. The amount
of 8-OH Gua and Gua was analyzed on a 250 mm x 4.6 mm
Supelco LC-18-S reverse-phase column. The mobile phase
was 50 mM potassium phosphate, pH 5.5, with acetonitrile
(97 volume acetonitrile and 3 volume potassium phosphate)
and the flow rate was 1.0 mL/min. The detector potential was
set at 0.80 V for measuring the oxidized base. Gua and 8-OH
Gua (25 pmol) were used as standards. The 8-OH Gua levels
were expressed as the number of 8-OH Gua molecules/105
Gua molecules™.

Statistical analysis: All data were analyzed by one-way
ANOVA using SPSS 13.0 software. Differences among groups
were obtained using the LSD option and Duncan test and signi-
ficance was declared at p < 0.05.

RESULTS AND DISCUSSION

As seen from Table-1 and Fig. 1, GSH, MDA and MPO
in the gastric tissue of the group rats receiving methotrexate
measure 4.97 + 0.37 nmol/g protein, 2.78 + 0.30 umol/g
protein and 3.12 + 0.18 p/g protein, respectively. GSH, MDA
and MPO measurements in the gastric tissue of rats receiving
mirtazapine + methotrexate were to be 9.23 + 0.51(p < 0.0001)
nmol/g protein, 1.80 £ 0.31(p < 0.0001) umol/g protein and
1.63 £ 0.25 (p < 0.0001 Wg) protein, respectively (Fig. 2).
GSH, MDA and MPO values in the intact rat group were found
8 +0.38 (»p <0.0001) nmol/g protein, 1.63 +£0.28 (p <0.0001)
pmol/g protein and 1.37 £ 0.21 (p < 0.0001) w/g protein,
respectively (Fig. 3).
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TABLE-1
OXIDATIVE PARAMETERS IN RAT GROUPS
GSH MDA MPO
(nmol/g protein) P (umol/g protein) P (w/g protein) P
Intact 8.00 £0.38 < 0.0001 1.63 +£0.28 <0.05 1.37 £0.21 <0.0001
Mirtazapine 20 mg/kg 9.23+£0.51 < 0.0001 1.80 +0.31 <0.05 1.62 +0.25 <0.0001
Methotrexate 5 mg/kg 4.97 +0.37 - 2.78 £0.30 - 3.12+0.18 -
Methotrexate 8-OHGua levels (pmol/L)
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Fig. 1. GSH, MDA and MPO levels in methorexate administered rat group
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Fig. 2. GSH, MDA and MPO levels in mirtazapine administered rat group
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Fig. 3. GSH, MDA and MPO levels in intact rat group

While 8-OHGua quantity in the control group adminis-
tered methotrexate was 2.4 + 0.11 pmol/L, this quantity was
1.3 £0.14 pmol/L (p < 0.001), 1.1 £ 0.10 pmol/L (p < 0.001)
in mirtazapine and healthy animal groups, respectively (Fig. 4).

In this study, effect of mirtazapine on gastric oxidative
stress created with methotrexate was biochemically investi-
gated in rats. The results demonstrated that there is significant
elevation in quantities of oxidant parameters such as MDA,

Fig. 4. 8-OHGua levels in rat groups

MPO and reduction in quantity of GSH that antioxidant
parameter in the gastric tissue of the control group rats receiving
MTX. Methotrexate administration in rats was found to decrease
GSH levels and to increase MPO activity that indicator of
inflammatory response and MDA levels that indicator of lipid
peroxidation in blood, liver, kidney and small bowel". Celebi
et al."” also showed that GSH quantity is low in the injured
gastric tissue. Miyazono et al." demonstrated that adverse
effect of MTX on digestive system arises from GSH reduction
and propounded that oxidative stress has an important role in
injury caused by MTX. Ozbakis et al." also showed that there
is a reduction in quantity of GSH in the injured gastric tissue.
These literature informations reveal that they are in concor-
dance with our experiment results. As known, gluthation is an
important parameter used in measurement of oxidative stress.
GSH is a tripeptide which can be synthesized from glutamate,
cysteine and glycine in liver. GSH, a very important antioxidant,
reacts with free radicals and peroxides and protects cells against
oxidative injury by converting them to harmless products. It
makes this effect by holding sulfhydryl groups in proteins
reducedly'®.

In present study, significant elevation in quantity of MDA
was seen in the gastric tissue of the control group administered
MTX. In another study, significant elevation in quantity of
MDA, reduction in quantity of gluthation in bowel injury
created with MTX were reported'’. Again in another study,
MDA quantity in the injured gastric tissue was found to be
high in proportion to the non-injured tissue'®. MDA is the final
product of lipid peroxidation and is a dialdehyde occurring
by division of peroxidized poly-unsaturated fatty acids. MDA
is commonly uses as an indicator of oxidative state. MDA
over-produced in consequence of lipid peroxidation causes
severe injury in cells'’. This injury occurring via lipid
peroxidation is irreversible®.

In present study, the significant augmentation in MPO
activity was also detected in animal liver receiving MTX.

MPO is a marker of neutrophil infiltration. Free radicals
cause more exacerbation of tissue injury over active neutrophils
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by enabling collection of leukocytes in the injured tissue?'.
When phagocytic leukocytes are stimulated, they increase
oxygen consumption. This event is called as respiratory/
oxidative burst. Active neutrophils secrete MPO and reveal
oxygen radicals®. In experimental studies on rats, MTX was
identified to increase MPO activity that marker of neutrophil
infiltration'. Studies indicating augmentation of MPO activity
in the injured gastric tissue were found™**,

Free oxygen radicals cause severe injury not only on lipids
also on DNA. Free oxygen radicals lead to emergence 8-
hydroxyguanine (8-OHGua) that mutagenic, by reaction with
DNA''?, As seen from present results, 8-OHGua quantity was
also found high in the gastric tissue where MDA is found high.
These results indicate that MTX leads oxidative injury in the
gastric tissue and causes severe injury also on DNA. In addition,
8-OHGua quantity was identified to increase in parallel with
raise of MPO activity. As stated above, active neutrophils
secrete MPO and emergence oxygen radicals. Hydrogen
peroxide arising from activated neutrophils leads DNA injury,
cell dysfunction and even cell death, by passing easily through
membranes and arriving at cell nucleus®. Owing to the fact
that 8-OHGua is labile in DNA structure, it is spontaneously
depurinised and causes a basic areas”’.

Free oxygen radicals cause injury on deoxyribose
phospate skeleton in DNA structure, specific modification of
purine and pyrimidine bases and formation of DNA-protein
cross links®*, While oxidation of deoxyribose skeleton
induces base release and DNA chain fractures, oxidative base
modifications lead mutation®***'. The one that most occurs
within DNA products and that is mutagenic is 8-OHGua*.
8-OHGua found in DNA structure is known to lead G £ C —
T = A mutation®*,

Conclusion

In present study, lower being found of quantities of MDA,
MPO and 8-OHGua in animal groups receiving mirtazapine
in proportion to the control group and higher being found of
GSH show that MTX suppresses oxidative DNA injury created
in the gastric tissue. As known, mirtazapine is an antidepressant
drug. As well as antidepressant property of mirtazapine, it also
has antioxidant, antiulcer properties and property of blocking
5-HT2 and 5-HT3 receptors'***. Mirtazapine's this protective
effect on MTX gastrotoxicity may be considered to have pro-
ceeded from its property to be both antioxidant and serotonin
receptor antagonist. Stimulation of these 5-HT2 and 5-HT3
receptors in tissues was reported to be associated with toxic
adverse effects™. As a conclusion, mirtazapine was seen to
prevent augmentation of oxidative stress and DNA injury
created with methotrexate in the gastric tissue of rats.
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