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Abstract: Methotrexate is a chemotherapeutic agent used for many cancer treatments. It leads to toxicity with its
oxidative injury. The purpose of our study is investigating the medical ozone preconditioning and treatment has any
effect on the methotrexate-induced kidneys by activating antioxidant enzymes in rats. Eighteen rats were divided
into three equal groups; control, Mtx without and with medical ozone. Nephrotoxicity was performed with a single
dose of 20 mg/kg Mtx intraperitoneally at the fifteenth day of experiment on groups 2 and 3. Medical ozone pre-
conditioning was performed at a dose of 25 mcg/ml (5 ml) intraperitoneally everyday in the group 3 and treated
with medical ozone for five more days while group 2 was received only 5 ml of saline everyday for twenty days. All
rats were sacrificed at the end of third week and the blood and kidney tissue samples were obtained to measure
the levels of TNF-¢, IL-13, malondialdehyde, glutathione and myeloperoxidase. Kidney injury score was evaluated
histolopatologically. Medical ozone preconditioning and treatment ameliorated the biochemical parameters and
kidney injury induced by Mtx. There was significant increase in tissue MDA, MPO activity, TNF-a and IL-1p (P<0.05)
and significant decrease in tissue GSH and histopathology (P<0.05) after Mtx administration. The preconditioning
and treatment with medical ozone ameliorated the nephrotoxicity induced by Mtx in rats by activating antioxidant
enzymes and prevented renal tissue.

Keywords: Kidney, medical ozone, preconditioning, methotrexate, nephrotoxicity

Introduction administration also known as preconditioning
at nontoxic doses provide an adaptation of tis-
sues to oxidative stress by induction of enzymes
or activating the metabolic pathways maintain-
ing an equilibrated redox balance such as
increase on GSH levels and decrease on lipid

peroxidation [5].

Methotrexate (mtx) analogue of folic acid is an
effective cytotoxic chemotherapeutic drug and
has been widely used in malignancies [1, 2].
According to the organ toxicity due to mtx
should be the reason for the delay in the treat-
ment or dose reduction. Thus, many antioxi-
dant agents such as alpha lipoic acid [3] and

. . . S Furthermore the effect of O, preconditonin
pentoxyfilline [4] were used in studies aiming to s P g

prevent Mtx-induced damage.

Medical Ozone is described as three atom mol-
ecules of oxygen known as O,. Ozone is applied
in medical therapy using a gas mixture com-
posed of oxygen and ozone. Repeated ozone

and treatment on Mtx induced nephrotoxicity
has not been studied and reported elsewhere
before. In this present study we aimed to evalu-
ate whether O, preconditioning and treatment
has any effects on Mtx-induced nephrotoxicity
in rats.
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Material and methods

The experimental procedures were reviewed
and approved by Akdeniz University Local
Committee on Animal Research Ethics (2015.
02.07).

Animals and study groups

Eighteen male Wistar albino rats weighing 250-
300 g were used in this study. They were ran-
domly divided into three equal groups: control
group (n=6) (rats received 5 ml of saline every-
day before and after Mtx administration for
twenty days), Mtx administered (n=6) (rats
received 5 ml of saline everyday for twenty
days) and the Mtx administered and ozone
group (n=6) (rats preconditioned and treated
with  0,/0, mixture before and after Mtx
administration).

Experimental design and groups

The rats maintained at a 22°C constant tem-
perature with a 12-h light/dark cycle and
humidity at 60% and food and water available
ad libitum. Experiments were conducted in
accordance with the ethical guidelines for
investigations in laboratory animals and were
approved by the Ethical Committee for Animal
Experimentation of Akdeniz University. Group 1
was the control group receiving only physiologi-
cal saline everyday for three weeks. Group 2
was the Methotrexate group receive a single
20 mg/kg dose of Mtx (Onco-Tain; Faulding
Pharmaceutics Plc, Leamington Spa, UK) intra-
peritoneally at the sixteenth day for induce
nephroxicity. Group 2 received 5 ml saline intra-
peritoneally every day for twenty days. Group 3
was the Mtx-medical ozone group precondi-
tioned with 5 ml medical ozone intraperitone-
ally for fifteen days at dose of 25 mcg/ml and
received a single dose of Mtx at the sixteenth
day. And the group 3 treated with intraperito-
neal ozone administration everyday at the
same dose for five days more. Ozone (O,) was
generated by an ozone generator (OM-302,
Ozone generator, Sedecal, Spain) with a mix-
ture of 97% O, and 3% O,. The volume of the
injected mixture was approximately 5 ml. The
ozone flow-rate was kept constant at 3 L/min
and tygon polymer tubes and ozone resistant
single use silicon-treated polypropylene syring-
es were used to ensure the containment of O,
and consistency of concentration.
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Sample collection

At the end of the twenty first day, sixth day after
Mtx administration the rats were sacrified with
decapitation after ether anesthesia and the
blood samples and kidney tissues immediately
obtained and one portion was stored at -70°C
until assayed for tissue antioxidant enzymes.
The levels of tumour necrosis factor-alpha
(TNF-a) and interleukin-1-beta (IL-13) from
blood and the levels of malondialdehyde (MDA),
glutathione (GSH) and myeloperoxidase (MPO)
from kidney tissue samples were analysed. The
rest of the portions were placed in 10% buff-
ered formaldehyde solution for histopathologi-
cal analysis and the kidney tissue injury score
was performed by an expert pathologist under
a light microscope.

Analysis of TNF-oc and IL-13

By the enzyme-linked immunosorbent assay
(ELISA) kits (Biosource International, Nivelles,
Belgium) the TNF-a and the IL-13 from plasma
were analysed.

Measurement of MDA and GSH levels

The MDA levels (nmol MDA/g tissue) were
assayed for the products of lipid peroxidation
using the method reported by Buege [6]. The
GSH levels (nmol GSH/g tissue) were measured
using the method of Elman [7]. GSH is reacted
with 5,5-ithiobis-2-nitrobenzoic acid resulting in
the formation of a product which has a maximal
absorbance at 410 nm.

Measurement of MPO activity

According to the Hillegas et al. [8] procedure
tissue-associated MPO (U MPO/g tissue) activ-
ity was measured from the kidney tissue sam-
ples homogenized in 50 mm potassium phos-
phate buffer (PB, pH 6.0) which homogenates
were centrifuged at 41 400 g for 10 min; pel-
lets were suspended in 50 mm PB containing
0.5% hexadecyltrimethylammonium bromide.
After three cycles of freezing and thawing, with
the sonication between the cycles, kidney sam-
ples were centrifuged at 41 400 g for 10 min.
Volumes of 0.3 ml were added to 2.3 ml of
reaction mixture containing 50 mm PB, o-dian-
isidine, and 20 mm H202 solution. One unit of
enzyme activity was defined as the amount of

Int J Clin Exp Med 2015;8(8):13811-13817
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Table 1. The effects of medical ozone on MDA and GSH levels as well

as MPO activities in kidney tissue, plasma TNF-a and IL-1 levels that
are exposed to Mtx induced nephrotoxicity. Each group was consisting
of 6 rats. Groups of data were compared with an analysis of variance

(ANOVA) followed by Tukey’s multiple comparison tests

Control Mtx Mtx-Ozone

MDA (nmol/g tissue)  26.34+2.78 62.4624.19"" 32.57+3.26*
GSH (nmol/g tissue) 1675.24+89.24 987.62+73.69™ 1852.47+153.64*

MPO (U/g tissue) 17.58+3.62 38.72+2.92" 23.45+1.97"**
TNF-a (pg/ml) 8.7£0.9 27.2+3.8™" 10.1+2.2*
IL-1B (pg/ml) 9.5+1.2 23.4+1.8" 11.4+1.7

Data are mean + sd. *P<0.01, **P<0.001, ***P<0.0001 compared to control group.
*P<0.01, **P<0.001, **P<0.0001 compared to Mtx group.

Table 2. The degree of histopathologic renal damage was expressed as
medians within each section of groups were shown

Control Mtx Mtx-Ozone

Degeneration of glomerular structures 0 1(1-2) 0 (0-1)
Glomerular congestion 0 2(1-2) 1(0-1)
Dilatation of Bowman’s space 0 2 (1-2) 1(0-1)
Degeneration of proximal tubuli 0 2 (1-3) 1(0-2)
Degeneration of distal tubuli 0 1(1-2) 1 (0-1)
Tubular basal membrane wrinkling 0 2(0-2) 1(0-1)
Vascular congestion 0 1(0-1) 1 (0-1)
Interstitial edema 0 1(0-1) 1(0-1)
Inflammation and cell infiltration 0 2 (1-2) 1(0-1)
Total score 0 14 8

none, 1 = mild, 2 = mod-
erate and 3 = severe [9].

Statistical analysis

All  statistical analysis
was performed by Gra-
phPad Prism 3.0 (Graph-
Pad Software, San Diego,
USA). The data were
expressed as mean %
standard deviation. Gr-
oup comparisons were
performed with the anal-
ysis of variance (ANOVA)
followed by Tukey'’s tests.
The P<0.05 was consid-
ered as statistically sig-
nificant.

Results

No rats were died during
the experimental period.
After sacrification of the
rat kidney were normal in
appearence in the groups
1 and 3 macroscopically.
However, significant dif-
ferences have seen in

MPO that caused a change in the absorbance
measured at 460 nm for 3 min.

Histopathological analysis of kidney tissue

Kidney specimens taken from the rats at the
end of the experiment were fixed in 10% buff-
ered formaldehyde. One horizontal section
from each kidney was embedded in paraffin,
cut at 3 micrometers and stained with hema-
toxylin-eosin (H&E) and Periodic Acid-Schiff
(PAS). Histopathological analysis was per-
formed by an expert pathologist who was blind-
ed to the experiment. For each tissue, semi-
quantitative scales used in the kidney were as
follows; degeneration of glomerular structures,
glomerular congestion, dilatation of Bowman’s
space, degeneration of proximal tubuli, degen-
eration of distal tubuli, tubular basal membr-
ane wrinkling, vascular congestion, interstitial
edema, inflammation and cell infiltration. The
whole microscopic area was examined to score
each specimen. Tissue injury was scored using
a scoring system. Scores were given as 0 =
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oxidative stress parame-
ters and histopathology.
The MDA, GSH, MPO, TNF-a and IL-1f3 levels in
kidneys are shown in Table 1.

In kidney tissues MDA, MPO, TNF-a and IL-1
levels were found significantly increased in the
Mtx group while GSH levels dereased as com-
pared to both control and Mtx + O, groups.

After Mtx administration major degradation
product of lipid peroxidation; MDA levels is a
seen as increased when compared with the
control group (P<0.001), while preconditioning
and treatment with O, to the Mtx group came
back to control MDA levels (P<0.001).

The major cellular antioxidant GSH levels of kid-
ney samples in Mtx group were found lower sig-
nificantly (P<0.001). On the other hand, precon-
ditioning and treatment with O, to Mtx group
restored the GSH levels to control levels in all
kidney samples (P<0.001).

Indicator of neutrophil infiltration Myelopero-
xidase (MPO) has higher activity in the kidney

Int J Clin Exp Med 2015;8(8):13811-13817
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Figure 1. (A) Control group, (B, C) Mtx group, (D) Mtx-O, group. (A) Control group shows normal kidney architecture.
(B) In Mtx group interstitial mononuclear inflammation was seen also note that glomerules are shrunken and tu-
bules are athropic. Glomerular and tubular basal membrane wrincling is seen. (X20, PAS). (C) Tubular cell loss;
several tubular cell nuclei are not seen along this tubule. Also not picnotic nucleus reflects apoptotic cell necrosis.
(X40, PAS). (D) Moderate degeneration on glomerulus and tubules was seen.

samples of the Mtx group when compared to
control (P<0.0001). On the other hand, precon-
ditioning and treatment with O, in Mtx group
significantly decreased all MPO activity level
(P<0.001).

When compared to control group, proinflamma-
tory cytokine TNF-a levels were found signifi-
cantly increased (P<0.0001) in the Mtx group,
while this Mtx-induced rise in serum TNF-a
level was abolished (P<0.0001) with precondi-
tioning and treatment with O,. Similar results
were achieved for IL-1j3, IL-1 was also found as
increased in the Mtx group when compared to
control group (P<0.001). After preconditioning
and treatment with O, following Mtx IL-1B was
also decreased significantly back to control
levels (P<0.001).

Histopathological evaluation and injury scores
of the groups were shown in Table 2. Kidney
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sections from the control group were normal in
histological appearance (Figure 1A). The kid-
ney sections from the Mtx group showed some
histopathological changes such as interstitial
mononuclear inflammation, shrunken glomer-
ules, athropic tubules, glomerular and tubular
basal membrane wrincling (Figure 1B). In this
group, kidney sections showed tubuler cell loss
and apoptotic cell necrosis (Figure 1C). And
ozone preconditioning and treatment have
shown moderate histopathological changes
(Figure 1D). The histopathological damage
score in the Mtx + O, group was found signifi-
cantly reduced in comparison to the control
and Mtx groups (P<0.05).

Discussion

Because of their larger perfusion and excretion
capacity of compounds at increased concentra-
tions kidneys are easily susceptible to damage

Int J Clin Exp Med 2015;8(8):13811-13817
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from drugs that occur in renal tubular cells dur-
ing absorption and secretion. Methotrexate
(mtx) analogue of folic acid is an effective cyto-
toxic chemotherapeutic drug and has been
widely used in many malignancies [1, 2].

Mtx is an antimetabolite that competitively
inhibits the dihydrofolate reductase on tetrahy-
drofolate synthesis of folic acid resulted with
the impairment of synthesis of purine end
pyrimidine thus DNA [10]. In patients receiving
Mtx treatment, the risk of kidney toxicity is 2%
[11]. Kidney toxicity due to Mtx treatment can
occur both at low or high doses. High doses of
Mtx make kidney damage with two ways tubu-
lar injury with the precipitation of Mtx in kidney
tubules and decrease on the glomerular filtra-
tion rate [10]. It can mostly be ameliorated with
hydration and make the urine alkaline.

In this study we aim to investigate the protec-
tive effect of medical ozone on kidney tissues
from their oxidative damage induced by Mtx.
Antioxidant enzymes activated by medical
ozone prevented lipid peroxidation and neutro-
phil infiltration of the kidney tissues of Mtx-
induced nephrotoxicity in rats. Furthermore,
ozone preconditioning and treatment reduced
the plasma cytokines and improved the kidney
histopathological changes caused by Mtx.

Ozone-therapy has beneficial effects in various
diseases, such as caustic esophageal burns,
diabetic foot and radiation induced cystitis [12-
14]. It can be used by topical, rectal, peritoneal
(in animal studies) or oral (ozonated water or
oil) routes. The term “O, preconditioning” refers
to the repeated application of ozone in order to
increase antioxidant enzymes and keep the
organism alert, as in vaccination. Ozone pre-
conditioning acts to protect against cellular
damage by free radicals [5].

Thus, O, used in our study protected kidneys
against Mtx-induced nephrotoxicity.

Ozone preconditioning can produce protection
against renal ischemia reperfusion injury [15].
A controlled number and dose of ozone treat-
ments conferred protection against different
physiopathological processes mediated by
ROS was reported [5].

In a previous study it was reported that ozone
exposure altered the levels of inflammatory

13815

cytokines, such as tumor necrosis factor [16],
transforming growth factor [17], interferon [18]
and interleukin [19]. In our study systemic
inflammatory response indicators; plasma TNF-
o and IL-1B levels were also found increased
due to Mtx administration but decreased by
ozone preconditioning and treatment.

Lipid peroxidation by free oxygen radicals is an
important causes of destruction and oxidative
damage to cell membranes these containing
unsaturated fatty acids, nucleic acids and pro-
teins. It can resulted with methotrexate induced
tissue damage [6, 20]. The decreasing on tis-
sue MDA levels revealed that ozone precondi-
tioning and treatment prevented Kidney tissue
from oxidative damage.

At previous studies reported that stimulation of
antioxidant enzyme activities such as glutathi-
one by ozone prepared the tissue against the
effects of reactive oxygen species [21, 22].
GSH plays a particularly important role in the
maintenance and regulation of the thiol-redox
status of the cell [23]. Tissue GSH depletion is
one of the primary factors permitting kidney tis-
sue damage is associated with oxidative stress
caused by Mtx in our study. O, was previously
reported to increase GSH levels in erythrocytes
and it may show the same action in hepato-
cytes, thus increasing the detoxification capac-
ity of these cells [24]. In our study precondition-
ing and treatment with ozone reversed the lev-
els of GSH into normal levels.

The leukocytes accumulation in tissue trig-
gered by free oxygen radicals and the enzymes
(myeloperoxidase, protease and elastase)
secretion activated from neutrophils thus leads
to further tissue damage. In production of oxi-
dants by neutrophils MPO plays a great role
[25, 26]. Oxidative stress and infiltration with
polimorphonuclear neutrophils may also play a
role in Mtx-induced kidney injury [27]. In our
study an index of polimorphonuclear leukocyte
infiltration MPO level is seen to be increased.
This indicates that contribution of leucocytes
induced oxidative injury in kidney tissues.
Preconditioning and treatment with O
decreased the MPO activity

3

According to literature search, this is the first
study investigating the effect of medical ozone
preconditioning and treatment on experimental
study of Mtx-induced nephrotoxicity in rats.
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Findings from our study revealed that kidney
injury ameliorated by intraperitoneal medical
ozone administration, while with antioxidant
effect the ozone prevented the lipid peroxida-
tion and neutrophil infiltration of the rat kidney
tissues. The decreasing on tissue MDA levels
and MPO activities with an increasing on levels
of GSH revealed that ozone preconditioning
prevented kidney tissue from oxidative stress.

In kidney, where a cumulative and prolonged
effect of Mtx is expected, O, preserved the kid-
neys by antioxidant enzymes and O, precondi-
tioning and treatment also showed protective
effects on histopathology. Further studies with
O, in humans are necessary for clinical use in
the prevention of Mtx-induced kidney injury.

Conclusion

In conclusion, intraperitoneal preconditioning
and treatment with O, ameliorated the kidney
injury induced by methotrexate in rats by
activating antioxidant enzymes.
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