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The aim of this study was to investigate the protective effects of methylprednisolone (Pn), which is a potent
anti-inflammatory agent, and pheniramine maleate (Ph), which is an antihistaminic with some anti-inflamma-
tory effects, on reperfusion injury in brain developing after ischemia of the left lower extremity of rats.
Twenty-eight randomly selected male Sprague-Dawley rats were divided into 4 groups: Group 1 was the con-
trol group, Group 2 was the sham group (I/R), Rats in Group 3 were subjected to I/R and given Ph, and rats in
Group 4 were subjected to I/R and given Pn. A tourniquet was applied at the level of left groin region of sub-
jects in the I/R group after induction of anesthesia. One h of ischemia was performed with no drug administra-
tion. In the Ph group, half of a total dose of 10 mg/kg Ph was administered intraperitoneally before ischemia
and the remaining half before reperfusion. In the Pn group, subjects received a single dose of 50 mg/kg Pn in-
traperitoneally at the 30" min of ischemia. Brains of all subjects were removed after 24 h for examination.
Malondialdehyde (MDA) levels of the prefrontal cortex were significantly lower in the Ph group than in the I/R
group (p<0.05). Superoxide dismutase (SOD) and glutathione peroxidase (GPx) enzyme activities were found
to be significantly higher in the Ph group than in the I/R group (p<0.05). Histological examination demonstrat-
ed that Ph had protective effects against I/R injury developing in the brain tissue.

Ph has a protective effect against ischemia/reperfusion injury created experimentally in rat brains.
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Background

Reperfusion of ischemic tissue may cause systemic injury, lead-
ing to multiorgan dysfunction and even to death. Reperfusion
causes release of free oxygen radicals (FOR) and inflammato-
ry mediators, contributing to both local and systemic injury
[1,2]. This injury may become obvious, particularly in myocar-
dial, renal, pulmonary and brain tissues [2-4].

Glucocorticoids, including methylprednisolone, show their an-
ti-inflammatory effects by influencing prostaglandin synthe-
sis via intracellular receptors and by activating nuclear factor
kappa B (NF-kB) [5,6]. It was previously reported that gluco-
corticoids indirectly reduced release of hydrolytic enzymes, lip-
id peroxidation, and production of oxygen radicals. Thus, they
reduced I/R injury in many organs [5-8].

Histamine basically causes relaxation of vascular smooth
muscle cells and contraction of non-vascular smooth mus-
cles. Histamine produces its general effects via H -receptors.
H,-receptors are available in vascular smooth muscles, vas-
cular endothelium, smooth muscles of gastrointestinal tract,
and smooth muscles of respiratory tract, atrioventricular (A-V)
node, and afferent endings of peripheral nerves.

Pheniramine (Ph) is a first-generation H,-antihistaminic drug.
Besides many other effects, H, -antihistaminics also have anti-
inflammatory effects. The most important location where they
show their anti-inflammatory effects is at the level of transcrip-
tion factor, specifically NF-kB. Activation of NF-kB is stimulat-
ed by histamine and inhibited by antihistaminics [3,9,10]. As
with the other H,-antihistaminics, Ph shows its effect on I/R
injury by inhibiting release of some specific mediators of in-
flammation, which is a significant factor in I/R pathophysiol-
ogy [3,11-13].

Based on the hypothesis that pheniramine maleate may have

protective effects in I/R injury, in this study we investigated
the efficacy of Ph on brain tissue against I/R injury.

Material and Methods

This study was conducted according to the “Guide to the Care
and Use of Experimental Animals (Canadian Council on Animal
Care)” and we obtained approval from the Local Experimental
Animal Ethics Committee of Dokuz Eylul University (protocol
no. 40/2010).

During the course of the study, all rats were routinely fed with
rat chow and tap water ad libitum. The rats were maintained
on a 12:12-h light: dark cycle in an environmentally monitored
room with a ventilation system at a temperature of 20+2°C.
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Twenty-eight male Sprague-Dawley rats weighing 320-370 g
were selected. There were 4 groups of animals, each consist-
ing of 7 rats. Group 1 was the control group. Intramuscular in-
jection of the mixture of 50 mg/kg body weight ketamine hy-
drochloride (Ketalar, Eczacibasl, Istanbul-Turkey) and 5 mg/kg
body weight xylazine hydrochloride (Rompun, Bayer, Istanbul-
Turkey) was performed. Then, their brains were removed with-
out any further intervention and they were sacrificed using 150
mg of thiopental sodium per kg body weight (Pental, Ibrahim
Ethem Ulagay, Istanbul-Turkey).

According to the acute ischemia-reperfusion model defined
by Hardy et al,, a tourniquet was applied at the level of the
left groin region of subjects in Group 2 (I/R group) after ap-
plication of same protocol of anesthesia and loss of flow sig-
nal was checked by hand-held Doppler ultrasound [14]. One
h of ischemia was performed and no drug was administered.
After completion of the ischemia period, the tourniquet was
removed and the rat was put into its cage for a reperfusion
period of 24 h. Then, its brain was removed under anesthesia
and the rat was sacrificed again using 150 mg of thiopental
sodium per kg body weight.

The ischemia model was constituted likewise in Group 3 (the
Ph group). These rats intraperitoneally received pheniramine
maleate at a total dose of 10 mg per kg body weight (a half
dose before ischemia and a half dose just before reperfusion)
[12]. After completion of the 1-h ischemia period, a reperfusion
period of 24 h was started again by removing the tourniquet.
At the end of 24 h, brains were removed as detailed above.

The same ischemia model was performed on rats of Group 4
(the Pn group), but these rats received methylprednisolone at
a dose of 50 mg per kg body weight intraperitoneally at the
end of 30 min of ischemia [8]. At the end of 24 h, brains were
removed as detailed above.

Biochemical estimations

Brain samples were taken out for biochemical estimations
and for light microscopic assessment. The brains were re-
moved and divided into 2 hemispheres. Prefrontal cortex tis-
sues were dissected on an ice-cold surface. For biochemical
estimations, tissue homogenates were prepared as described
by Carrillo et al. [15]. Brain samples were washed 3 times
with ice-cold 0.9% NaCl solution and weighed. Brain tissue
samples were then homogenized in ice-cold 0.1 M phosphate
buffer (PBS, pH 7.4) in a volume 10 times the weight of the
tissue. The homogenates were sonicated with an ultrasonica-
tor (Bandelin Sonopuls, Germany). The homogenate was cen-
trifuged at 10 000 g for 15 min and aliquots of supernatant
separated and used for biochemical estimation. An aliquot of
the homogenate and supernatant was stored at —80°C until
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MDA levels and SOD and GPx enzyme activities were deter-
mined. Determination of MDA levels and antioxidant enzyme
activities were performed spectrophotometrically (Hach Lange
DR5000 UV). MDA in the brain cortex was measured using a
standard curve of tetramethoxypropane. The Bioxytech MDA-
586 (Oxis International, USA) assay for MDA was performed
according to kit protocol. SOD activity was evaluated with a
commercially available kit by testing of the rate of auto-oxi-
dation of 5,6,6a,11b-tetrahydro-3,9,10-trihydroxybenzo(c)flu-
orene at 525 nm (Bioxytech SD-525, Oxis International, USA).
GPx activity was assayed by following the rate of NADPH oxi-
dation at 340 nm by the coupled reaction with glutathione re-
ductase. The Bioxytech GPx-340 (Oxis International, USA) as-
say for GPx activity was performed according to kit protocol.

Histological examination

For light microscopic assessment, brain tissue samples were
processed by routine histological methods and embedded in
paraffin blocks. Paraffin blocks were placed in a Leica RM2255
rotary microtome (Germany) and cut into 5-um thickness cor-
onal sections through the prefrontal cortex, which correspond-
ed approximately to Plates 9 and 11 in accordance with the
rat atlas of Paxinos and Watson [16]. Sections were deparaf-
finized, hydrated, and stained with cresyl violet and TUNEL
(terminal deoxynucleotidyl transferase-mediated dUTP-biotin
nick end labeling), and caspase-3 immunohistochemistry was
performed. The images were analyzed by using a computer-
assisted image analyzer system consisting of a microscope
(Olympus CX-41, Japan) equipped with a high-resolution vid-
eo camera (Olympus DP71, Japan).

Terminal deoxynucleotidyl transferase-mediated dUTP nick
end labeling (TUNEL) method

Detection of DNA fragmentation in situ was visualized with the
use of the ApopTag Plus Peroxidase In Situ Apoptosis Detection
Kit (Chemicon International, USA). Deparaffinized tissue sec-
tions were incubated with proteinase K (20 pg/ml). Tissue sec-
tions were subjected to 3% H,0, for endogenous peroxidase
inhibition and were incubated with 1x equilibration buffer at
room temperature for 30 min. The digoxigenin-labelled dNTP
tail was incubated with Tdt (terminal deoxynucleotidyl trans-
ferase) for 1 h at 37°C, and sections were washed in stop/wash
buffer for 10 min at room temperature. Tissue sections were
incubated with anti-digoxigenin-peroxidase antibody at room
temperature for 30 min and were stained with diaminobenzi-
dine (DAB) as a peroxidase substrate. Staining was evaluated
using a light microscope after counterstaining with hematox-
ylin. Five fields were randomly chosen for each slide and the
TUNEL-positive cells per field were counted. The apoptotic in-
dex (percentage of apoptotic nuclei) was calculated as apoptot-
ic nuclei/total nuclei counted x100%. All counting procedures
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were performed blindly by 1 person with no prior knowledge
of the experimental data.

Caspase-3 immunohistochemistry

For visualization of the active caspase-3 expression, immuno-
histochemistry was performed using an active anti-caspase-3
antibody. The sections were incubated overnight with anti-
caspase-3 antibody (1:100; Millipore, AB3623) and then for
another 30 min with the biotinylated mouse secondary anti-
body. The bound secondary antibody was then amplified with
Histostain® plus bulk kit (Invitrogen, 85-9043). The antibody-
biotin-avidin-peroxidase complexes were visualized using DAB.
The sections were finally mounted onto lysine-coated slides.
The percentage of caspase 3-positive cells was determined by
counting the positive cells on 5 random fields in each group.

Statistical analysis
Results are presented as means +SEM. All data were analyzed

by one-way analysis of variance (ANOVA) post hoc LSD test.
P<0.05 was considered statistically significant.

Results

Biochemical analyses

To examine the protective effect of pheniramine, MDA levels
of the prefrontal cortex were determined. Figure 1A presents
MDA levels in the prefrontal cortex region of rats. In the I/R
group, tissue MDA levels were significantly increased compared
to the control group (14.54+1.07 and 9.64+2.07, respective-
ly, p=0.015). Pheniramine treatment caused a significant de-
crease in the prefrontal cortex MDA levels when compared to
the I/R group (10.50+0.88, p=0.041). No significant effect of
methylprednisolone in lipid peroxidation was found in brains of
rats when compared with the I/R group (14.76+0.89, p=0.90).

Figure 1B and 1C represent the prefrontal cortex GPx and SOD
activities, respectively. I/R caused a decrease in GPx and SOD
activities of brain as compared with the control group (P<0.05).
Pheniramine-treated rats showed a significant increase in GPx
and SOD activities as compared with the I/R group. No signifi-
cant effect of methylprednisolone in GPx and SOD activities was
found in brains when compared with the I/R group (P>0.05).

Histological examination

In the control group, cresyl violet-stained sections showed nor-
mal morphology (Figure 21A). In the I/R group, neurons were
found to be shrunken and dark-stained pyknotic neurons dom-
inated (Figure 2IB). In the pheniramine-treated group, most of
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the neurons were normal and there were few pyknotic neurons
(Figure 21C), but the methylprednisolone group was slightly bet-
ter than the I/R group regarding the morphology (Figure 2ID).

Representative photographs of TUNEL staining in the prefrontal
cortex are shown in Figure 2II. The present study shows that I/R
enhanced apoptotic cell death in the brain cortex. Control rats
showed fewer TUNEL-positive cells (Figure 2lIA). There were more
TUNEL-positive cells in the I/R group (Figure 2IIB). Quantification
and statistical analysis of the TUNEL staining showed that the
number of TUNEL-positive cells increased significantly in the
I/R group compared with controls (19.00+1.82 and 4.85+0.51,

A C
MDA p=0.015 g p=0.041 GPx p=0.00 p=0.001 |
18 35
[ . |
15 30 *
1 _ 25
o 20_
= 9- =4
= £ 154
67 10
34 5
0 0+
Control IR Ph Pn Control IR Ph Pn
B Figure 1. (A) Effects of Pheniramine and Methylprednisolone
S0D p=0.002 p=0.003 treatment on MDA levels in rat brain cortex. Data are
3000 mean + SEM. * P<0.05 compared with the I/R group.
2500 * * (B) Effects of Pheniramin and Methylprednisolone
treatment on SOD activity in rat brain cortex. Data are
_ 2000 mean + SEM. * P<0.05 compared with the I/R group.
g 1500 (C) Effects of Pheniramin and Methylprednisolone
= treatment on GPx activity in rat brain cortex. Data are
1000 mean + SEM. * P<0.05 compared with the I/R group.
500
0 respectively, p<0.01, Figure 3). It was determined that the number
Control IR Ph Pn of TUNEL-positive cells was significantly decreased in the pheni-
ramine-treated group (10.14+1.10, Figure 3). The difference in

the number of TUNEL-positive cells between the I/R and meth-
ylprednisolone groups was statistically insignificant (P<0.05).

The apoptotic feature was further confirmed by caspase-3 im-
munohistochemistry. Immunohistochemical evaluation based
on the intensity of caspase-3 immunoreactivity in the rat brain
cortex is shown in Figure 2lIl. Representative photographs of
caspase-3 expression show that caspase-3 reactivity was com-
monly observed in the rat brain cortex of I/R rats (Figure 211IB)
compared to sham rats (Figure 21l1A).The number of caspase-3
positive cells in the I/R group was significantly increased com-
pared to the control group (16.85+1.16 and 3.85+0.40, respec-
tively, p<0.01, Figure 3). It was determined that the number of

Figure 2. Light microscopic images of rat

Cresyl violet

brain cortex sections. (A) Control,
(B) I/R, (C) Pheniramine, (D)
Methylprednisolone treated group.
Upper (1): Cresyl violet-stained
sections of the rat brain cortex.

TUNEL

The morphology of neurons in
the control group was normal. In
I/R group, increased number of
cells with dark blue and shrunken
morphology can be seen (arrows).

Ca’spase'—}

Middle (I1): TUNEL staining.
Representative photomicrographs of
e A TUNEL-positive cells (arrows). Lower
: (11): Caspase-3 immunoreactivity.

Oy

Arrows indicate caspase-3 positive
cells.
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Figure 3. Quantitative analysis of TUNEL-

Apoptotic cell (%)

Control  I/R Ph Pn
TUNEL

Control  I/R Ph
(aspase-3

positive cells and caspase 3-positive
cells in the rat brain cortex. Data are
mean +SEM. * P<0.05, compared with
the I/R group.

Pn

caspase-3 positive cells was significantly decreased in the pheni-
ramine-treated group (8.4240.99, Figure 3). The difference in the
number of caspase-3-positive cells between the I/R and meth-
ylprednisolone groups was not statistically significant (P>0.05).

Discussion

Occlusion of the nutrient artery selectively and reperfusion of
the tissue afterwards are frequently used methods to assess
the I/R injury to the target tissue [11-13,15-19]. As an alter-
native, I/R injury to the target tissue after a period of ischemia
created away from the target tissue was again investigated in
various studies [1,2,7,20]. Ischemia of the lower extremity is
inevitably seen in our routine peripheral vascular surgical prac-
tice. This causes reperfusion injury in distant crucial organs such
as the lungs, kidneys, brain, and heart, although they are not
primarily exposed to ischemia. We performed I/R to the lower
extremity in this study. We demonstrated that brains of the
rats of the study and sham groups were subjected to reper-
fusion injury when compared with that of the control group.
It was previously reported in several studies that glucocorti-
coids inhibited lipid peroxidation and production of free radi-
cals; thus reducing I/R injury in many organs [3,5-7,15,21,22].
Some authors argued that these effects appeared in high dos-
es [6,15], whereas some authors argued that these effects ap-
peared even in low doses [8,21,22]. Pn was shown to have pro-
tective effects against renal reperfusion injury at a relatively
lower dose (30 mg/kg) [22]. In another study, Pn was shown to
be effective in renal reperfusion injury at a dose of 50 mg/kg
after distant ischemia of an extremity [3]. Yeginsu et al. stud-
ied the effects of different doses of Pn on reperfusion injury
of lungs: 15 mg/kg, 50 mg/kg and 150 mg/kg. They revealed
that Pn reduced reperfusion injury of lung tissue at each dose
[7]. However, this effect was maximal at a dose of 150 mg/kg
and it decreased as the dose declined. In another study dem-
onstrating that Pn was effective at high doses against cere-
bral reperfusion injury, 105 mg/kg Pn was administered after
selective cerebral ischemia [15]. In our study, administration
of 50 mg/kg Pn after distant organ ischemia/reperfusion was

shown to be ineffective in all of the biochemical parameters
and most of the histological parameters in terms of demon-
stration of cerebral reperfusion injury. This result supports
data from the relevant literature showing that Pn was effec-
tive against I/R injury at relatively higher doses.

A few studies demonstrated that pheniramine and other H,-
antihistaminics were effective in I/R injury, but most of these
studies were conducted in the gastrointestinal system [11-13,17].
In one of these, the authors showed that pheniramine reduced
production of free radicals by activated neutrophils after oc-
clusion of the superior mesenteric artery followed by reperfu-
sion [11]. Due to their lipophilicity, pheniramines adhere to the
cellular membrane and this may inhibit production and/or re-
lease of free radicals. They stated that this anti-oxidant effect
of H,-antihistaminics may be beneficial in reducing the tissue
injury [11]. Neutrophils have a crucial role in formation of re-
perfusion injury. It was reported that production of reactive ox-
ygen metabolites (ROM) increased during mesenteric I/R inju-
ry in rats as shown with increase in chemiluminescence (CL) in
whole blood. Based on these data, Nosal et al. created a mes-
enteric I/R model and showed that Ph suppressed CL intra- and
extracellularly in vitro. The same study stated that Pn showed
this effect as being a direct radical scavenger or through in-
teraction with regulatory cellular mechanisms [17]. In the only
study with use of pheniramine conducted apart from the gas-
trointestinal system, Bayrak et al. showed that Pn was effective
in renal I/R injury after distant organ ischemia [3]. In our study,
we observed that Ph was more beneficial in preventing cere-
bral I/R injury than Mp administered at a relatively smaller dose.

As far as is known, our study is unique in showing the effec-
tiveness of Ph on cerebral reperfusion injury after distant or-
gan ischemia. Nevertheless, it has some limitations. The num-
ber of the experimental subjects is too small to draw a definite
conclusion. The dose of pheniramine maleate is well above
physiological doses for humans. Therefore, there is a need
for further randomized controlled studies in which the dose
of pheniramine maleate in I/R injury is titered and the num-
ber of experimental subjects is larger.
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Conclusions

Ph is used in the symptomatic treatment of various hypersensi-
tivity reactions in daily clinical practice, but its anti-inflammatory
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