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Abstract: Intestinal mucositis is an important problem in the patients receiving cancer treatment. We aimed to
investigate the effect of anakinra, which is a well known anti-oxidant and anti-inflammatory agent, on methotrexate-
induced small intestine mucositis in rats. Forty rats were divided into 4 groups with 10 in each group. The healthy
group (HG) and the methotrexate group (MTXG) were given distilled water, while the methotrexate + anakinra 50
(MTX+ANA50) and the methotrexate + anakinra 100 (MTX+ANA100) groups were intraperitoneally administered
50 and 100 mg/kg of anakinra. After one hour, the MTXG, MTX+ANA50 and MTX+ANA100 groups were given oral
methotrexate at a dose of 5 mg/kg. This procedure was repeated once a day for 7 days. After the rats had been
sacrificed, the small intestine tissue of rats were removed for the assesment of biochemical markers, histopathological
evaluation and gene expression analyze. Statistical analyses of the data were performed using one-way ANOVA.
Malondialdehyde (MDA), myeloperoxidase (MPO) and interleukin-6 (IL-6) levels were significantly higher, whereas
total glutathione (tGSH) levels were significantly lower in MTXG (P<0.001) compared to other groups. MTX also
increased /L-18 and TNF-a gene expression levels in MTXG (P<0.001). Inflammatory cell infiltration and damage
to the villus were observed histopathologically in the MTXG group, whereas only mild inflammation was seen in
the MTX+ANA100 group. A dose of 100 mg/kg of anakinra prevented the increase of the biochemical markers and
gene expression levels better than a dose of 50 mg/kg. Intestinal mucositis caused by MTX may be preventible by
co-administered anakinra.
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Introduction high doses for the treatment of malignancies [5]. One of

the most common adverse effect of high dose treatment

Methotrexate (MTX), a folic acid antimetabolite, is  is small intestinal mucositis. It has been reported that
used as a chemotherapeutic agent in the treatment of  intestinal mucositis is seen in 40% of patients receiving
various cancer types. It is also used to treat inflamma-  chemotherapy at standart doses, while this rate is as al-
tory diseases such as psoriasis, systemic lupus erythe-  most 100% at high doses [12, 14, 21]. Elevation in the
matosus and rheumatoid arthritis [1]. MTX is used at  oxidant parameters and reduction in the antioxidant
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parameters have been reported in patients receiving high
doses of chemotherapy [18, 21].

Oxidative stress is one of the main mechanisms re-
sponsible for the intestinal mucositis due to MTX. Oxi-
dants such as myeloperoxidase (MPO) which is the
marker of inflammatory response and malondialdehyde
(MDA) which is the product of lipid peroxidation are
increased and antioxidants such as glutathione (tGSH)
are decreased in MTX induced mucositis [2]. It is also
shown that MTX increases the production of proinflam-
matory cytokines such as interleukin-1f3 (IL-1f) and
tumor necrosis factor-a (TNF-a) in the small intestine
tissue of rats [19]. In the light of this knowledge, anti-
oxidants and IL-1f antagonists may be beneficial in the
prevention of MTX mucositis.

Anakinra, a recombinant human IL-1 receptor an-
tagonist, is the first biological agent which has been
demonstrated to block pro-inflammatory effects in pa-
tients with rheumatoid arthritis [6]. It has been reported
that anakinra protects brain tissue from oxidative damage
after trauma by decreasing the oxidative parameters such
as IL-1B [10]. Anakinra also protects the ovarian tissue
from ischemia-reperfusion injury by anti-inflammatory
and antioxidant activity [15]. Therefore, we hypothesized
that anakinra may be protective against MTX induced
mucositis according to these results.

In conclusion, there has been no studies that evalu-
ated the protective effect of anakinra against mucositis
induced by MTX. We aimed to assess the impact of
anakinra on duodenal, jejunal and ileal mucositis induced
by MTX in rats by evaluating biochemical changes and
analyzing gene expression.

Materials and Methods

Animals

Totally 40 male albino Wistar rats, each weighing
between 235-245 g, supplied from the Ataturk Univer-
sity Medical Experiments Application and Research
Center were used in the study. Four groups were created
with ten in each group before the experiment and the rats
were kept and fed in the laboratory at the 22°C. Animal
experiments were performed in accordance with the
National Guidelines for the Use and Care of Laboratory
Animals and were approved by the local animal ethics
committee of Ataturk University, Erzurum, Turkey (Eth-
ics Committee No: 2015/184, dated November 27, 2015).

Chemical agents

The ketamine, anakinra (Kineret) and methotrexate
used in the experiment were supplied from Pfizer (Istan-
bul, Turkey), Swedish Orphan Biovitrum AB (Stock-

holm, Sweden) and Med-Drug (Istanbul, Turkey), re-
spectively.

Experimental procedure

Experimental animals were divided into four groups
as healthy group (HG), methotrexate group (MTXG),
methotrexate + anakinra 50 group (MTX+ANAS50), and
methotrexate + anakinra 100 group (MTX+ANA100).
The MTX+ANAS50 and MTX+ANA100 groups were
intraperitoneally administered 50 and 100 mg/kg of
anakinra, respectively. Distilled water was given to the
MTXG and HG groups as a solvent in the same way.
One hour after the administration of anakinra and dis-
tilled water, MTXG, MTX+ANA50 and MTX+ANA100
groups were given oral methotrexate at a dose of 5 mg/
kg. These procedures were repeated once a day for 7
days. At the end of this period, all the rats were sacrificed
with a high dose of ketamine hydrochloride anesthesia.
Blood samples were taken for leukocyte and platelet
count from the tails of all animals before sacrifice. Duo-
denal, jejunal and ileal tissues of the rats were removed
to measure the MDA, MPO, tGSH, and interleukin-6
(IL-6) levels. Gene expression of /L-1f and TNF- o. was
also assessed.

Biochemical analyses

A sample of 25 mg of tissue was homogenized using
a solution of 1.15% KCI (Merck, Darmstadt, Germany).
The homogenates were centrifuged at 4,000 rpm for 30
min at 4°C and the supernatants were separated by de-
cantation for the measurement of MDA.

Another 25 mg of tissue was washed with isotonic
solution of sodium chloride (NaCl; IE Ulagay) for tGSH
analysis. First, the NaCl solution was removed from the
samples, then the final volume was brought up to 2 ml
by adding a phosphate buffer solution [0.213 g of
NaH,P0,-2H,0, 1.563 g of Na,HPO,-2H,0 (Merck),
0.038 g of EDTA (Sigma-Aldrich) in 100 ml of distilled
water at pH 7.4].

The tissues were homogenized in an icy environment
and centrifuged at 1,000 rpm for 15 min at a temperature
of 4°C. The supernatants were separated and used for
the measurement of protein concentration according to
the method described by Bradford [4].

MDA analysis: The MDA levels were determined
spectrophotometrically at 532 nm according to the
method described by Ohkawa ef al. [17]. This method
is based on spectrophotometric measurement of absor-
bance of the pink-colored complex which is formed by
thiobarbituric acid and MDA at a high temperature
(95°C). The 0.1 ml of supernatant separated for the mea-
surement of GSH-Px and MDA was added to a solution
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containing 0.1 ml of 8.1% sodium dodecylsulfate, 1.5
ml of 20% acetic acid (Merck), 1.5 ml of 0.9% thiobar-
bituric acid (Sigma-Aldrich) and 0.3 ml of dH2O. The
mixture was incubated at 95°C for 1 h. Upon cooling, 5
ml of n-butanol:pyridine (v/v, 15: 1; Merck) was added.
The mixture was vortexed for 1 min and centrifuged for
30 min at 4,000 rpm. The absorbances of the 0.15 ml
final solutions were measured by spectrophotometry at
532 nm. The standard curve was obtained by using
1,1,3,3-tetramethoxypropane (Sigma-Aldrich).

MPO analysis: For determination of MPO in the small
intestine tissue homogenates, pH 6 potassium phosphate
buffer containing 0.5% HDTMAB (0.5% hexadecyl-
trimethyl ammonium bromide) was prepared. The mix-
ture then was centrifuged at 10,000 rpm at 4°C for 15
min. Supernatant part was used for analyzing the sample.
In determination of MPO enzyme activity, oxidation
reaction with MPO mediated H,0, which included
4-amino antipyrine phenol solution as substrate was
used.

tGSH analysis: tGSH was measured according to the
method described by Sedlak and Lindsay [20]. In this
method, sulfhydryl groups of GSH form a yellow-color
TNB (5-thio-2-nitrobenzoic acid) following a chemical
reaction with DTNB (5,5’-dithiobis[2-nitrobenzoic
acid]). The intensity of this color is measured spectro-
photometrically at 412 nm. For measurement, a cocktail
solution (5.85 ml 100 mM Na phosphate buffer, 2.8 ml
1 mM DTNB, 3.75 ml | mM NADPH and 80 x1 625 U/I
glutathione reductase; Sigma-Aldrich) was prepared.
Before measurement, 0.1 ml of meta-phosphoric acid
(Sigma-Aldrich) was added to 0.1 ml of homogenate to
precipitate the proteins, followed by centrifugation at
2,000 rpm for 2 min to remove the precipitated proteins.
After this, the 0.15 ml cocktail solution was added to the
50 ul of supernatants described above. The results were
compared with the standard curves obtained by using
GSSG (Sigma-Aldrich).

IL-6 analysis: We measured weight of samples and
cut all of them. After that, these samples were rapidly
frozen with liquid nitrogen and homogenized by pestle
and mortar. All of the samples were maintained at 2—8°C
after melting. We added PBS (pH 7.4), 1/10 (w/v), after
that vortex for 10 s, the mixture then was centrifuged 20
min at 10,000 rpm to collect the supernatants carefully.
The levels of IL-6 (ng/L) were measured using according
to a commercial kit supplied by Eastbiopharm Co., Ltd.
ELISA kit, China.

Leukocyte and platelet count: Blood samples were
preserved in ethylenediaminetetraacetic acid-containing
tubes. Complete blood count analysis was made using
Coulter Hematology Analyzer (Coulter Beckman HMX,
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Miami, FL, USA).

Gene expression of IL-18 and TNF-a

RNA isolation: The Roche Magna Pure Compact LC
device (Roche, Mannheim, Germany) was used for iso-
lation of RNA from the homogenized intestinal tissue
samples. We assessed the quantity and quality of the
isolated RNA by nucleic acid measurement device (Mae-
stro, Nano). The 50-ul RNA samples were stored at
—80°C.

cDNA synthesis: cDNA was synthesized from the
isolated RNA samples using the Transcriptor First Strand
cDNA Synthesis Kit (Roche). For each subject, 1 ul of
ddH20, 10 ul of RNA and 2 ul of random primer were
combined and incubated in a thermal cycler for 10 min
at 65°C. After incubation, 4 ul of reaction buffer, 0.5 ul
of RNAase, 2 ul of deoxynucleotide mix and 0.5 ul of
reverse transcriptase were added. The reactions were
incubated for 10 min at 25°C, 30 min at 55°C and 5 min
at 85°C, and then held at 4°C.

Quantitative gene expression evaluation by real-time
polymerase chain reaction: For each cDNA sample, gene
expression of IL-1f and TNF-a, and the reference gene
(Go6pd) was analyzed using the Roche LightCycler 480
IT Real-Time PCR instrument. PCRs were recorded in a
final volume of 20 ul: 5 ul of cDNA, 3 ul of distilled
water, 10 ul of LightCycler 480 Probes Master (Roche)
and 2 ul primer-probe set (Real-Time Ready single assay,
Roche). The cycle conditions of the relative quantitative
PCR were preincubation at 95°C for 10 min followed by
45 amplification cycles of 95°C for 10 s, 6°C for 30 s,
72°C for 1 s, followed by cooling at 40°C for 30 s. Light-
Cycler 480 Software, version 1.5 (Roche) was used for
quantitative PCR analysis and calculation of quantifica-
tion cycle (Cq) values for relative quantification. Rela-
tive quantitative amounts were calculated as the ratio of
the target genes to the expression level of the reference
gene. We used the reference gene for normalization of
target gene expression.

Histopathological examination

All of the tissue samples were first fixated in a 10%
formaldehyde solution for light microscope assessment.
Following the fixation process, tissue samples were
washed under tap water in cassettes for 24 h. Samples
were then treated with conventional grade of alcohol
(70%, 80%, 90%, and 100%) to remove the water with-
in tissues. Tissues were then passed through xylol and
embedded in paraffin. Four-to-five micron sections were
cut from the paraffin blocks and hematoxylin—eosin
staining was administered. Their photos were taken fol-
lowing the Olympus DP2-SAL firmware program (Olym-
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Fig. 1. The effects of anakinra on MDA levels in the duodenum,
jejunum and ileum tissues of rats given methotrexate. Bars
are mean + SD. The healthy group is compared with the
MTXG, MTX+ANAS50 and MTX+ANA100 groups (The
data derived from a single experiment). MDA: malondial-
dehyde; HG: healthy group; MTXG: methotrexate group;
MTX+ANASO: methotrexate + anakinra 50 group;
MTX+ANA100: methotrexate + anakinra 100 group.

pus Inc., Tokyo, Japan) assessment. Histopathological
assessment was carried out by the pathologist blind for
the study groups.

Statistical analysis

Statistical analyses were performed using the Statisti-
cal Package for Social Sciences for Windows version
19.0 (IBM Corp. Released 2010. IBM SPSS Statistics
for Windows, Version 19.0. IBM Corp. Armonk, NY,
USA). Descriptive statistics for each variable were de-
termined. The results for continuous variables were re-
corded as the mean + SD. The significance of differ-
ences between the groups was determined using the
one-way analysis of variance (ANOVA) test followed
by Tukey’s analysis. A P value <0.05 was considered
significant.

Biochemical results

As shown in Fig. 1, MTX significantly increased the
amount of MDA in the rat duodenum, jejunum and ileum
tissue compared to the HG (P<0.001). Anakinra at
doses of 50 and 100 mg/kg also significantly inhibited
the increase of MDA by MTX in the small intestine tis-
sue (P<0.001). There was a significant difference in the
MDA levels between the MTX+ANAS50 and HG, while
the levels of MDA were almost the same between
MTX+ANA100 and HG. MPO activity was also in-
creased in the group administered MTX, anakinra at
doses of 50 and 100 mg/kg significantly inhibited the
increase of MPO by MTX in the small intestine tissue

60 7 EE@ MPO duodenum
Z2 MPO jejunum
E=S MPO ileum

** p<0.001

]

n
(=)
1

MPO levels (U/ml)

S o & O ©
& & évfs ¥ éd' v?v. N Ay
& &
& &

Fig. 2. The effects of anakinra on MPO levels in the duodenum,
jejunum and ileum tissues of rats given methotrexate (Per-
formed in the second experiment). Bars are mean + SD.
The healthy group is compared with the MTXG,
MTX+ANAS50 and MTX+ANA100 groups. MPO: myelo-
peroxidase; HG: healthy group; MTXG: methotrexate
group; MTX+ANAS50: methotrexate + anakinra 50 group;
MTX+ANA100: methotrexate + anakinra 100 group.
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Fig. 3. The effects of anakinra on tGSH levels in the duodenum,
jejunum and ileum tissues of rats given methotrexate. Bars
are mean + SD. The healthy group is compared with the
MTXG, MTX+ANAS50 and MTX+ANA100 groups (The
data derived from a single experiment). tGSH: total gluta-
thione; HG: healthy group; MTXG: methotrexate group;
MTX+ANAS50: methotrexate + anakinra 50 group;
MTX+ANA100: methotrexate + anakinra 100 group.

(P<0.001; Fig. 2). MTX significantly decreased the lev-
els of tGSH in the duodenal, jejunal and ileal tissue
compared to the MTX+ANAS0, MTX+ANA100 and HG
(P<0.001; Fig. 3). The levels of tGSH decreased in the
MTX+ANASO group. However, levels of tGSH were not
affected by MTX in the intestinal tissue of the
MTX+ANA100 group (Fig. 3). Anakinra significantly
inhibited the decrease of tGSH levels by MTX in the
duodenal, jejunal and ileal tissue (P<0.001).

IL-6 levels were found to be higher in the small intes-
tine tissue of the rats that received MTX, compared to
other groups (P<0.001; Fig. 4). IL-6 levels decreased
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Fig. 4. The effects of anakinra on IL-6 levels in the duodenum,
jejunum and ileum tissues of rats given methotrexate (Per-
formed in the second experiment). Bars are mean + SD.
The healthy group is compared with the MTXG,
MTX+ANAS0 and MTX+ANA100 groups. IL-6: interleu-
kin-6; HG: healthy group; MTXG: methotrexate group;
MTX+ANAS50: methotrexate + anakinra 50 group;
MTX+ANA100: methotrexate + anakinra 100 group.

significantly in the groups administered anakinra
(P<0.001), and reached to the levels similar to those in
the HG (P>0.05).

Leukocyte counts were respectively found as 6.47 +
1.35 x 103 /uL, 3.71 £ 0.6 x 103 /uL, 4.48 + 0.96 x 103
/uL and 7.17 + 0.24 x 10® /uL in the HG, MTXG,
MTX+ANAS50 and MTX+ANA100 groups. MTX sig-
nificantly decreased leukocyte count compared to HG
(P<0.05). However, there was no significant difference
in terms of leukocyte count between HG and the
MTX+ANAS0 (P>0.05) and MTX+ANA100 groups
(P>0.05).

Platelet counts were respectively found as 719 + 69 x
103 /uL, 610 + 183 x 103 /uL, 992 + 81 x 103 /uL and
993 + 142 x 10? /uL in the HG, MTXG, MTX+ANAS50
and MTX+ANA100 groups. We did not find statisti-
cally significant difference between the HG and other
groups in terms of platelet count (P>0.05)

IL-1p and TNF-a gene expression levels were found
to be higher in the duodenal, jejunal and ileal tissue of
the rats that received MTX, compared to the
MTX+ANAS50, MTX+ANA100 and HG (P<0.001; Figs.
5 and 6). The differences between the MTX+ANA100
and HG in terms of these parameters were not statisti-
cally significant (P>0.05), but the differences between
the MTX+ANAS50 and HG were found to be highly sig-
nificant (P<0.001). MTX caused a significant increase
in the levels of IL-/f and TNF-a. Anakinra was better at
preventing an increase in the levels of /L-1f and TNF-a
inrats at a 100 mg/kg dose compared to a 50 mg/kg dose.

Histopathological findings: Histological examination
of duedenal tissue in HG revealed the sharp villi, long

148 | doi: 10.1538/expanim.19-0057

10 1 B /L-14duodenum
ZZ IL-1Bjejunum
ED /L-18ileum

= p<0.001

» o

N

IL-15 Gene Expression level

=)

Fig. 5. The effects of anakinra on /L-1f gene expression levels in
the duodenum, jejunum and ileum tissues of rats given
methotrexate. Bars are mean + SD. The healthy group is
compared with the MTXG, MTX+ANA50 and
MTX+ANA100 groups (The data derived from a single
experiment). /L-1f: interleukin-1f3; HG: healthy group;
MTXG: methotrexate group; MTX+ANAS50: methotrexate
+ anakinra 50 group; MTX+ANA100: methotrexate +
anakinra 100 group.

B TNF-a duodenum
ZZ TNF-a jejunum
e BB TNF-a ileum

* p<0.001

10 4

o
1

e

IS

N

TNF-a Gene Expression level

=)

o O S S ®
& . & v‘y\
\“d. @5\-

Fig. 6. The effects of anakinra on TNF-a gene expression levels
in the duodenum, jejunum and ileum tissues of rats given
methotrexate (Performed in the second experiment). Bars
are mean + SD. The healthy group is compared with the
MTXG, MTX+ANAS50 and MTX+ANA100 groups.
TNF-a: tumor necrosis factor-o; HG: healthy group;
MTXG: methotrexate group; MTX+ANASO: methotrexate
+ anakinra 50 group; MTX+ANA100: methotrexate +
anakinra 100 group.

and normal crypts, normal lining epithelium with mucus-
secretion cells, normal architecture of mucosa with Brun-
ner glands and normal vasculature (Fig. 7a). In MTXG,
villi appearance which is characteristic structure of small
intestine were totally lost and mucosa contained flat-
tened, vacuolated cells. Lamina propria was infiltrated
by mononuclear and polymorphonuclear cells. Both
mucosal and muscularis layers were edematous and also
various vacuolated bodies were detected in mucosa (Fig.
7b). Blood vessels were dilated and highly congested.
Necrotic areas were noticeable in some areas of mucosa
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Fig. 7. Sections of the duodenum (a—e). (a) normal duodenal tissue of the control group, EP: epithelium, LP:

lamina propria, GL: Brunner glands, ©: villi, »

: crypt, MS: muscularis layer, *: blood vessel; (b) =»:

vacuolated bodies, ¥ : inflammatory cell infiltration, MS: edematous muscularis layer, % : dilated and
congested blood vessel of the MTXG; (c) »: necrotic areas, ¥ : inflammatory cell infiltration, MS: edema-
tous muscularis layer, * : dilated and congested blood vessel of the MTXG; (d) EP: degenerated epithelium,
LP: lamina propria, GL: occasional Brunner glands, € : blunted villi, »: crypt, MS: edematous muscularis
layer, *: congested blood vessel of the MTX+ANA 50 group; (e) EP: epithelium, LP: lamina propria, GL:
Brunner glands, ©: villi, »: crypt, MS: mild edema in muscularis layer, % : congested blood vessel of the
MTX+ANA 100 group. HE. Original magnification. a,b,c,d,e X200. (Performed in the second experiment).

and inflammatory cell infiltration was observed as scat-
tered throughout the full-thickness of the tissue (Fig. 7¢).
In MTX+ANASO group, we observed blunted villi and
degenerated epithelial cells, in some areas crypt archi-
tecture and Brunner glands were preserved. Inflamma-
tory cell infiltration and muscularis layer edematous
appearance were still intense and blood vessels were
congested (Fig. 7d). In MTX+ANA100 group, the struc-
ture of villi and crypt formation were normal, epithelial
cells and lamina propria were well organized. Brunner
glands were normal in terms of location and density as
in control samples. Occasional congested blood vessels
attracted attention. In addition, edema decreased in mus-
cularis layer (Fig. 7¢).

When the samples of the HG jejunal tissue were ex-
amined, it was observed that the epithelial line, lamina
propria and muscularis layers were in normal histologi-
cal structure. Villus structures and crypt depths were also
normal (Fig. 8a). In MTXG, we detected a widespread
degeneration followed along the entire jejunal tissue
wall. Epithelial tissue was replaced by necrotic tissue
and inflammatory cell infiltration throughout the muco-
sal layer was intense. In some rare areas, crypts were
still existed. Profound dilatation and congestion were

observed in blood vessels. In other respects, muscularis
layer were edematous and there were vacuolated bodies
scattered the layer (Figs. 8b and c). In MTX+ANAS50
group, the presence of short and irregular villi was ob-
served, although epithelial borders were preserved. There
was a less intense inflammatory cell infiltration com-
pared to the metotrexate group. We detected mild edem-
atous appearance in muscularis layer (Fig. 8d). In
MTX+ANA100 group, a microscopic examination
showed, still blunted but more organized villi, smooth
crypts, an intact epithelial layer and a near-normal lam-
ina propria. Muscularis layer was normal as well (Fig.
8e).

In rats ileum tissues in HG showed, sharp villi, straight
crypts, intact lining epithelium, normal vasculature and
Peyer patches localized in mucosa (Fig. 9a). In MTXG,
full-thickness degeneration attracted the attention. Mu-
cosa exhibited villus blunting with flattened and vacu-
olated cells andcrypts were necrotic associated with
intense inflammatory cell infiltration. There were size-
able vacuolated bodies in mucosa. Blood vessels were
dilated and congested. Muscularis layer were highly
edematous (Fig. 9b,c). In MTX+ANAS5O group, we ob-
served mostly protected crypt structures, mainly orga-
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Fig. 8. Sections of the jejunum (a—e). (a) normal jejunal tissue of the control group, EP: epithelium, LP: lamina propria, ©: villi, »:
crypt, MS: muscularis layer, *: blood vessel; (b) »: necrotic areas, =»: vacuolated bodies, *: inflammatory cell infiltration,
MS: highly edematous muscularis layer, % : dilated and congested blood vessel of the MTXG; (c) »: intense necrotic areas, ¥:
inflammatory cell infiltration, »: crypt, MS: highly edematous muscularis layer of the MTXG; (d) EP: epithelium, LP: lamina
propria, € : short and irregular villi, »: mostly blunted crypt, MS: mild edema in muscularis layer of the MTX+ANA 50 group;
(e) EP: epithelium, LP: lamina propria, €: villi, »: smooth crypt, MS: muscularis layer of the MTX+ANA 100 group. HE.
Original magnification. a,b,c,d,e X200. (Performed in the second experiment).

Fig. 9. Sections of the ileum (a—e). (a) normal ileum tissue of the control group, EP: epithelium, LP: lamina propria, PP: Peyer
patches, MS: muscularis layer, * : blood vessel; (b) »: necrotic areas, =»: sizeable vacuolated bodies, *: intense inflamma-
tory cell infiltration, MS: highly edematous muscularis layer, % : dilated and congested blood vessel of the MTXG; (c) »:
necrotic areas, =»: sizeable vacuolated bodies, %: intense inflammatory cell infiltration, MS: highly edematous muscularis
layer, * : dilated and congested blood vessel of the MTXG; (d) EP: irregular epithelium, LP: lamina propria, % : intense inflam-
matory cell infiltration, MS: muscularis layer, PP: Peyer patches, * : dilated and congested blood vessel of the MTX+ANA 50
group; (e) EP: epithelium, LP: lamina propria, %: mild inflammatory cell infiltration, MS: muscularis layer, PP: Peyer
patches of the MTX+ANA 100 group. HE. Original magnification. a,b,c x200; d,e x100. (Performed in the second experiment).
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nized Peyer patches, a near-normal muscularis layer. But
at the same time, occasional irregularities were observed
in the epithelial layer and there was marked inflamma-
tory cell infiltration in the lamina propria. Also blood
vessels were dilated and congested (Fig. 9d). In
MTX+ANA100 group, ileum tissue samples showed
well preserved and more continuous epithelial layer,
which was almost normal crypt structure with long villi.
Inflammatory cell infiltration was mild in lamina propria
when compared to the MTXG and MTX+ANAS50 group.
Peyer patches, muscularis layer and blood vessels were
normal and well organized (Fig. 9¢).

This study investigated the protective effect of anakin-
ra on small intestine mucositis induced by MTX in rats.
Our biochemical results indicate that MTX increased the
levels of MDA and MPO which are oxidant parameters
and decreased the levels of tGSH which is an antioxidant
parameter in the duodenal, jejunal and ileal tissues of
rats. Serum levels of IL-6 were significantly lower in the
groups administered anakinra, when compared to
MTXG. We found also that MTX significantly increased
the /L-1§ and TNF-a gene expression levels in the small
intestine tissues of rats. When we compared the rats
treated with 100 mg/kg of anakinra with the rats given
only MTX, decreased MDA, MPO and IL-6 levels and
IL-1p and TNF-a gene expression levels but increased
tGSH levels in the small intestine tissues of rats were
shown in the anakinra group. MTX caused mixed inflam-
matory cell infiltration, damage to the villus and crypt
structures and dilated congested blood vessels in the
small intestine tissues of rats. Small intestinal damage
due to MTX was improved in the histopathological ex-
amination of the anakinra given groups. Mild irregu-
larities in the villus and crypt structures and a near-
normal epithelial layer are seen in the small intestine
tissues of the animals treated with anakinra. It was ob-
served that histopathologically and biochemically,
anakinra at a dose of 100 mg/kg better protects the small
intestinal tissue against the oxidative damage of MTX,
compared to a dose of 50 mg/kg. Reactive oxygen spe-
cies are known to have a role in the oxidative stress
caused by MTX [11]. Arslan ef al. reported that MDA
level which is the end product of lipid peroxidation was
increased; tGSH, glutathione reductase, glutathione per-
oxidase, catalase and superoxide dismutase which are
antioxidants were decreased in the small intestine mu-
cositis caused by MTX [3]. MTX caused oxidative stress
by increasing MDA levels and decreasing tGSH levels
in the small intestine tissue and confirmed histopatho-

logical changes [2]. It has been also reported that MTX
caused increased MDA and decreased tGSH levels in the
other organs [ 13]. In the light of this knowledge, studies
focus on antioxidants to reduce the side effects of MTX
[8]. In our study, anakinra suppressed MTX-induced
lipid peroxidation. It has been demonstrated that anakin-
ra inhibits the increase of MDA and prevented the de-
crease of enzymatic antioxidants activities in experimen-
tally induced spinal cord injury in animals [9].

In our study, we showed that proinflammatory /L-1
and TNF-a gene expression levels were also increased
in the MTXG where the balance between oxidant anti-
oxidant in the small intestine tissues changed in favor of
oxidants. In a study by de Aratjo et al., they reported
that proinflammatory /L-// was markedly increased in
addition to oxidants in the damaged intestinal tissue [7].

Odabasoglu ef al. reported that the amount of MDA
increased and tGSH decreased in the inflamed tissue
[16]. These studies showed that MTX causes both oxida-
tive stress and inflammatory damage in the small intes-
tine. It has been reported that anakinra inhibits the pro-
duction of oxidant and proinflammatory /L-1f [13].
Nayki et al. reported that anakinra at a dose of 100 mg/
kg inhibits the histopathological damage better than at
a dose of 50 mg/kg and also makes better suppression
of the oxidants production and /L-1f expression com-
pared to at a dose of 50 mg/kg [15]. Our biochemical
and histopathological results were consistent with the
literature.

Our results showed that MTX changed the oxidant
antioxidant balance in favor of oxidants and increased
proinflammatory /L-1 and TNF-a gene expression lev-
els in small intestine tissue. The gene expression and
biochemical results of this study were fully consistent
with the histopathological results. Mixed inflammatory
cell infiltration, damaged villus and crypt structures and
dilated congested blood vessels were observed in the
small intestine tissue samples of MTXG, where we found
high values of MDA, MPO and IL-6, but low values of
tGSH. Anakinra inhibited the alteration of oxidant anti-
oxidant balance against the oxidants and suppressed the
increase of /L-1ff and TNF-a gene expressions in the
small intestine tissue due to MTX. Anakinra at a dose of
100 mg/kg better protects the small intestinal tissue
against the oxidative damage of MTX, compared to a
dose of 50 mg/kg. Anakinra prevents small intestine
mucositis induced by MTX in a dose dependent manner.

In conclusion; anakinra can be used as a preventive
measure in the MTX-induced intestinal injury by strong
antioxidant and anti-inflammatory activity.

Exp. Anim. 2020; 69(2): 144—152
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