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Topiramate Reduces Aortic  
Cross-Clamping-Induced Lung Injury  
in Male Rats

Aysel Kurt1, Yildiray Kalkan2, Hasan Turut3, Medine Cumhur Cure4, Levent Tumkaya5, Erkan Cure6,*

A B S T R AC T
Background: Topiramate (TPM) decreases cytokine release and generation of reactive oxygen species (ROS).  
Cytokine and endothelin-1 (ET-1) secretion and ROS formation play an important role in ischemia-reperfusion (I/R) injury. We aimed  
to evaluate whether TPM prevents damage occurring in lung tissue during I/R.
Materials and Methods: A total of 27 Wistar albino rats were divided into three groups of nine. To the I/R group, two hours of ischemia via 
infrarenal abdominal aorta cross-ligation and then two hours of reperfusion process were applied. TPM (100 mg/kg/day) orally for seven 
days was administered in the TPM treatment group. After the last dose of TPM treatment, respectively, two hours of ischemia and two 
hours of reperfusion were applied in this group.
Results: Tumor necrosis factor-alpha (TNF-α) (p < 0.05), malondialdehyde (MDA) (p < 0.05), myeloperoxidase (MPO) (p < 0.05) and ET-1 
(p < 0.05) levels of TPM treatment group’s lung tissue were significantly lower than for the I/R group. Caspase-3 and histopathological 
damage were rather lower than that of the I/R group. 
Conclusions: During I/R, lung damage occurs due to excessive TNF-α and ET-1 release and ROS generation. TPM could well reduce 
development of lung damage by decreasing cytokine and ET-1 release and levels of ROS produced.
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INTRODUCTION

Pulmonary dysfunction is one of the problematic conditions 
developing after ischemic reperfusion (I/R) on account of lung 
transplantation (1), extracorporeal circulation operations (2, 
3) after resuscitation for circulatory arrest (4) or severe hem-
orrhagic shock (5). Reperfusion of ischemic tissue causes mi-
crovascular dysfunction and parenchymal cells, depending 
on local and systemic responses. Lung damage developing 
during the I/R process has been shown to be associated with 
physiological, biochemical and histopathological changes. 
Lung I/R injury is described by neutrophil extravasation, in-
terstitial edema, disruption of epithelial integrity, and leakage 
of protein into the alveolar space, all of which are associated 
with severe alterations in gas exchange (6, 7). In its early stag-
es, activated alveolar macrophages and pro-inflammatory cy-
tokines such as tumor necrosis factor-alpha (TNF-α) increase, 
and reactive oxygen radicals (ROS) and later, in last stages 
of perfusion, activated neutrophils play crucial roles in this 
uncontrolled inflammation process (8, 9).

In showing the lung damage of the I/R process, malondi-
aldehyde (MDA), a marker for lipid peroxidation and oxidative 
stress, and myeloperoxidase (MPO), a marker for activation 
of neutrophils located on the lung tissue, are both valuable 
and reliable parameters (10). Besides, endothelin-1 (ET-1), 
released from damaged endothelial cells, is another effective 
mediator causing vascular inflammation, cell proliferation, 
and fibrosis. Additionally, this ET-1 plays a crucial role in the 
development of acute lung injury (11).

Topiramate (TPM) is an agent used for epilepsy and mi-
graine treatment. It inhibits voltage-gated sodium and calci-
um channels, blocks glutamate a-amino-3-hydroxy-5-methyl- 
4-isoxazole propionic acid (AMPA)/kainate receptors and 
enhances gamma-aminobutyric acid (GABA), a receptor-me-
diated chloride (12). TPM has also been shown to have anti-
oxidant effects, reducing TNF-α release and oxidative stress 
(13). In addition, decreases in the level of MDA enzyme has 
been reported in other studies (14). Another positive effect 
of TPM is diminished insulin resistance (15).

In this study, we aimed to evaluate the effects of TPM on 
ET-1, TNF-α, MDA and MPO enzyme activity which play cru-
cial roles in producing ROS, to assess apoptosis via measuring 
caspase-3 enzyme activity and the effect of TPM on it, and to 
determine whether TPM has a preventive effect on I/R lung 
damage.

MATERIALS AND METHODS 

Animals used in the experimental study were 12–15-week-old 
experimental design male Wistar albino rats (n = 27) weigh-
ing 250–300 g. The study design was approved by license no: 
2014/9 by the local ethical committee at the University and 
all protocols conformed to the Guide for the Care and Use of 
Laboratory Animals (NIH, 1985). Rats were kept under stand-
ard temperature and environment with a 12-h light–dark cy-
cle and were given food and water ad libitum. The rats were 
randomly divided into three groups as follows. 

Group I: Control groups (n = 9), only received saline solu-
tion intraperitoneally. They underwent a midline laparotomy, 
with the infrarenal abdominal aorta (IAA) being dissected and 

crossed without obstruction. Group II: I/R groups (n = 9), af-
ter the midline laparotomy of rats, the IAA was clamped for 
120 mins, followed by 120 mins of reperfusion. Group III: For 
I/R+TPM groups (n  =  9), TPM (100 mg/kg/day, Topamax®, 
Johnson and Johnson) was orally (via gastric gavage) given for 
seven sequential days prior to I/R. After seven days’ admin-
istered TPM, this group underwent respectively 120 mins of 
ischemia and 120 mins of reperfusion.

In humans, oral dose of TPM has been found to be effective 
within 2 hours in plasma and at target dose within 4 weeks 
(16). We chose 100 mg/kg/day of TPM and for 1 week since the 
previous animal studies used this dose and duration (17–19).

PROCEDURE OF AORTIC ISCHEMIA-REPERFUSION
The rats were anesthetized by intraperitoneal injection of 
50 mg/kg ketamine hydrochloride (Ketalar; Eczacibasi, Is-
tanbul, Turkey) and were maintained by intramuscular in-
jections of 25 mg/kg ketamine hydrochloride when needed 
for all groups. The surgery was performed with rats placed 
in the supine position under a heating lamp. After a median 
laparotomy under sterile conditions, the IAA was explored 
by gentle dissection of the retroperitoneum, and then an 
atraumatic microvascular clamp was placed across the IAA 
for 120 mins of ischemia. After the abdomen incision was 
closed, the wound was covered with plastic wrap to prevent 
the loss of heat and fluid. Ten milliliters of normal saline was 
dribbled into the peritoneal cavity to maintain fluid balance. 
The traumatic microvascular clamp was removed on the IAA 
and lower extremities were reperfused for 120 mins. Aortic 
occlusion and reperfusion were verified by observing the 
loss and reappearance of the pulsation on the distal aorta. 
The I/R model was designed according to a method similar 
to previous studies (20). After ending the procedure, the rats 
were sacrificed under anesthesia and then lung tissues were 
obtained for biochemical and histological analyses.

TISSUE HOMOGENATES
The lung tissue samples were homogenized in Phosphate 
Buffer Saline (PBS) (50 mM, pH 7.4) and centrifuged at 
10,000 g for 20 mins. The supernatant was removed to be 
aliquoted into tubes. It was kept frozen at −80 °C and bio-
chemical parameters such as TNF-α, MDA, MPO, ET-1 were 
studied within a month.

MEASUREMENT OF PROTEIN
Tissue homogenate protein assay is a Lowry protocol based 
on the Biuret reaction. The peptide bonds of proteins react 
with copper under alkaline conditions to produce Cu+, which 
reacts with the Folin reagent, and the Folin-Ciocalteau reac-
tion (21).

TISSUE TNF-α
The TNF-α levels were measured using an enzyme-linked im-
munosorbent assay (ELISA) method. We used a commercially 
available rat TNF-α ELISA kit (eBioscience, Vienna, Austria). 
The method was according to the manufacturer’s instruc-
tions. Absorbance was measured at a wavelength of 450 ηm 
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with an ELISA reader. The TNF-α levels are given as pg/ml. The 
intra-assay and inter-assay coefficient of variation was <5% 
and <10%, respectively. The limit of detection (LOD) for the 
TNF-α assay was 11 pg/ml.

TISSUE MDA
MDA levels were measured using the double heating method 
of Draper and Hadley. The principle of the method is the spec-
trophotometric measurement of the color generated by the 
reaction of thiobarbituric acid (TBA) by MDA. The MDA levels 
are given as µmol/L (22).

TISSUE ET-1
The concentration of ET-1 was measured by the ELISA meth-
od. We used a commercially available rat ET-1 ELISA kit (Elab-
science, Wuhan, P.R.C) in this study. The procedure for the 
ELISA method was applied according to the manufacturer’s 
instructions. Absorbance was measured at a wavelength of 
450 ηm by an ELISA reader. The levels of ET-1 are presented 
as pg/ml and the coefficient of variation was <10%. The mini-
mum detectable dose of the ET-1 test was 4.69 pg/ml.

TISSUE MPO
The levels of MPO were measured using the ELISA method. 
We used a commercially available rat MPO ELISA kit (Elab-
science, Wuhan, P.R.C) in the study. Absorbance was meas-
ured at a wavelength of 450 ηm with the ELISA reader. The 
levels of MPO are presented as ng/ml. The coefficient of var-
iation was <10%. The minimum detectable dose of MPO test 
was 0.19 ng/ml in the method. When dividing the values we 
achieved by protein levels, the final results were expressed 
as µmol/g protein.

IMMUNOHISTOLOGICAL EVALUATION
In immunohistochemical staining, 3-μm thick sections of 
the lung tissues were cut off and allowed to stay in xylene 
for 20 mins before the implementation of an alcohol series  
(50–100%), and afterward allowed to stay for 30 mins in an 
H2O2 solution. After being washed with PBS, these portions 
were heated in citrate buffer solution at 800W for 5 mins 
(twice) and allowed to remain in a secondary blocker substance 
for 30  mins. Each slide was allowed to stand for 60 mins in 
different dilutions of the primary antibody (Anti-Caspase 3 an-
tibody (ab4051), Abcam plc, Cambridge CB4 0FL UK). A diam-
inobenzidine (DAB Substrate Kit, ab64238, Abcam plc, Cam-
bridge CB4 0FL UK) solution was used as a chromogen, with 
Mayer’s hematoxylin as a counterstain for 3–5 mins, and PBS 
as a negative control. The preparations were photographed 
after being covered with the eligible covering materials. His-
topathological examinations were evaluated according to the 
previous studies models (23–25). Consequently, for immuno-
histochemical staining, the preparations were divided into four 
categories according to the tissue percentage of immunoposi-
tive reaction areas: mild (+), moderate (++), severe (+++) and 
very severe (++++). The blocked tissues were cut into 4-μm 
thick sections before being stained with hematoxylin and eo-
sin (H&E) and Masson’s trichrome, and then the fields found 

to be suitable (total 150 zones) for histopathological assess-
ment were photographed. The tissues were appraised with 
a blindly graded exam in groups by two expert histologists.

STATISTICAL ANALYSES
Continuous variables were reported as the mean ± stand-
ard deviation and statistical analysis was performed using 
SPSS for Windows (SPSS, USA) version 17. Comparison of the 
groups’ biochemical parameters such as TNF-α, MDA, MPO, 
ET-1 were performed using the one-way ANOVA and Bonfer-
roni post hoc tests. For histopathological parameters, the 
Mann-Whitney U test was used to compare the groups and 
differences were considered significant at p < 0.05. 

RESULTS

TNF-α, MDA, MPO and ET-1 levels of the I/R group were found 
significantly higher than the controls and TPM-treatment 
group. In the TPM-treatment group, TNF-α, MDA, MPO and 
ET-1 levels were lower compared with the I/R group’s levels. 
TNF-α, MPO and ET-1 levels of TPM-treatment group was sim-
ilar to the control group, while MDA levels were slightly higher 
than of controls. All biochemical parameters are given in Table 1. 

Caspase-3 enzyme activity in the I/R group was sig-
nificantly higher than both in control and TPM-treatment 
groups. The I/R group had severe histopathological damage. 
In the TPM treatment group, caspase-3 activity was lower 
than for the I/R group and also histopathological damage to 
lung tissue was less extent. All histopathological results are 
providedin Table 2.

Tab. 1 All biochemical results of the three groups.

I/R I/R+TPM Control
TNF-α pg/mg 197.3 ± 26.6χ# 159.9 ± 40.9 140.3 ± 27.8
MDA nmol/mg 2.96 ± 0.34*# 2.54 ± 0.36** 2.11 ± 0.42
MPO ng/mg 0.60 ± 0.16**# 0.45 ± 0.10 0.43 ± 0.08
ET-1 pg/mg 8.6 ± 2.3*w 5.5 ± 1.7 4.7 ± 1.6

Abbreviations: I/R: Ischemia reperfusion; I/R+TPM: Ischemia reperfusion + 
Topiramate; TNF-α, Tumor necrosis factor-alpha; MDA, malondialdehyde; 
MPO, myeloperoxidase; ET-1, Endothelin-1.
* p < 0.001, χ p = 0.003, ** p < 0.05 vs. control group
w p = 0.004, # p < 0.05 vs. I/R+TPM group

Tab. 2 Histopathologic examination of lung tissue.

Control I/R I/R+TPM
Inflammation 0.00 ± 0.35 3.00 ± 0.71*¶ 2.00 ± 0.46*
Congestion 0.00 ± 0.35 1.50 ± 0.53* 1.50 ± 0.53*
Edema 0.00 ± 0.35 3.00 ± 0.46*¶ 1.50 ± 0.53*
Vacuolization 0.00 ± 0.35 3.00 ± 0.64*¥ 2.00 ± 0.52*

Epithelial degeneration 0.00 ± 0.46 3.50 ± 0.53*¶ 1.50 ± 0.53*
Alveolar macrophages
density

0.00 ± 0.46 3.50 ± 0.74* 3.50 ± 0.89*

Caspase-3 1.00 ± 0.64 3.00 ± 0.71*π 2.00 ± 0.71*

Abbreviations: I/R, Ischemia reperfusion; I/R+TPM, Ischemia reperfusion + 
Topiramate
* p < 0.001 vs. control group
¶ p < 0.001, ¥ p = 0.002, π p = 0.005 vs. I/R+TPM group



TPM Protect Lung Injury� 147

The histopathological examination for the control group 
of rat lungs indicated that the tissue integrity was not dam-
aged, and possessed normal healthy histological morphology. 
This interstitial space of tissues was not occupied by poly-
morph nuclear leukocyte (PMNL) cells and was not observed 
to have congestion. In particular, despite the fact that there 
was mild epithelial cell 8 debris in terminal bronchioles, the 
integrity of all structures was intact, and lamina propria in the 
structures were found to be of normal morphology. In addi-
tion, the number of macrophages in the alveoli was normal, 
and a mild pigmentation in the macrophages was observed 
(Figure 1A).

Histopathological examination of the lung tissues of the 
I/R group showed that interstitial sites were locally expanded 
in sites where the transition areas of respiratory bronchioles, 
and edema and hyaline casts structures were observed in this 
areas. Moreover, dilatation of saccusalveolaris, loss of the 
normal structure in some saccusalveolaris, heavy injury in al-
veolar epithelial cells and PMNL infiltration of the surround-
ing areas BALT were observed in this group. In addition to 
edema in the subepithelial bronchial area, irregularity in the 
lamina propria and fibroblastic focusing in these areas were 
seen (Figure 1B). The number of alveolar macrophages was in-
creased, their sizes were weighted, they were densely stained 
with eosinophilia and their pigmentations were shown as 
highly prominent. In the lung tissues of the I/R group, which 
had no healthy normal histological features, there was a sig-
nificantly higher number of inflammatory cells in interstitial 

sites and more congestion found in small capillary vessels 
were significantly greater than that of controls and I/R+TPM  
treatment groups. Mild pigmentations were observed around 
bronchi and terminal bronchioles in the lungs of the I/R 
group. Some of the rats had mild perivascular edema, focal 
interstitial, intra-alveolar mononuclear leukocyte (MNL) in-
filtration and mild hyaline cast-like proteinaceous exudate.

Histopathological examination of lung tissue in the I/R+TPM  
group showed that congestion of the small vessels was re-
duced more compared with the I/R group, and although it did 
not entirely disappear, it was observed to be similar to the 
control group. The density of fibrosis was detected in the fi-
broblastic focusing areas located in the interstitial sites, and 
hyaline cast-structures and edema were decreased. Epithelial 
cell debris was noted in the bronchi 9 and bronchioles, and 
PMNL infiltrations developed in the lamina propria were de-
creased in this group. In particular, degeneration of epithelial 
cells in the alveoli in I/R group lungs, epithelial cell debris, 
increased interstitial connective tissue presence and density 
of alveolar macrophages were observed significantly reduced 
in this group (63%) (Figure 1C). In this group, pigmentation 
areas was detected around the bronchial vessels and near the 
terminal bronchioles, and both densities of these and their 
size were found significantly decreased compared to the I/R 
group. The number of alveolar macrophages increased when 
compared with the control group, but pigmentation was sim-
ilar to the controls. This difference was found to be statisti-
cally different (p < 0.05).

Fig. 1 Histopathological examination of lung tissue stained by hematoxylin-eosin stain by light microscopy. A: Normal lung tissue 
architecture in control group. B: I/R group, v: vacuolization, e: edema, d: alveolar dilatation, c: congestion, arrow: mononuclear cell 
infiltration, hc: hyaline cast structure. C: I/R+TPM group, v: vacuolization, c: congestion, arrowhead: degenerating epithelial cells,  
short arrow: pigmentation, d: decreased alveolar dilatation, I/R: ischemia reperfusion, I/R+TPM: ischemia reperfusion + Topiramate.

Fig. 2 Histopathological examination of lung tissue stained by immunoperoxidase method by light microscopy. A: control group.  
B: I/R group. C: I-R+TPM, arrowhead: strong positivity, arrow: weak positivity, immunoperoxidase stained Anti-Caspase-3 antibody.  
I/R: ischemia reperfusion, I/R+TPM: ischemia reperfusion + Topiramate.
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DISCUSSION

According to the results of our study, there was severe histo-
pathological damage in the I/R group. Lung tissue was prom-
inently damaged. Caspase-3 enzyme activity was found to be 
significantly increased. On the other hand, biochemical exam-
ination of lung tissue determined that TNF-α, MDA, MPO, and 
ET-1 levels were higher. According to histopathological exam-
ination, the TPM-treatment group had less lung tissue dam-
age compared to the I/R group. Furthermore, TNF-α, MDA, 
MPO and ET-1 levels were found significantly lower than for 
the I/R group.

During I/R process, severe neutrophil and lymphocyte mi-
gration occur to the lungs and as a consequence, dense de-
granulation from leukocytes and severe development of ROS 
occurs, with increased proteases causing endothelial dys-
function (26). Thus, pulmonary capillary permeability increas-
es, and interstitial edema develops (7). Over the reperfusion 
process, neutrophil adherence to the endothelial cells releas-
es proteolytic enzymes such as MPO and thus increases ROS 
production, and activation of caspase-3 enzyme systems all 
damage the lung tissues (10, 27). In our study, both MDA and 
MPO levels were significantly higher than that of both control 
and TPM-treatment groups. Increased MDA levels, the end 
product of lipid peroxidation, illustrates the increased ROS 
production throughout the I/R process. ROS development 
can lead to endothelial dysfunction and lung damage. MPO 
converts chloride ions and peroxides to hypochlorous acid 
during the I/R, and this acid is one the most potent oxidants, 
leading to lung tissue damage (10). In our study, increased 
MPO levels indicate indirectly the excessive ROS formation 
in the lung tissue. 

TPM has been reported to decrease lipid peroxidation and 
MDA is an end product of lipid peroxidation (14, 19, 28). At the 
same time, it has been shown that TPM decreases ROS gen-
eration via increasing the levels of antioxidant enzymes such 
as superoxide dismutase, catalase, and glutathione peroxi-
dase during oxidative stress (17). During I/R, both increases in 
catabolism of nitric oxide (NO) and NO-dependent vasodila-
tion of vessels lead to vessel damage (26). MPO enzyme uses 
NO as a substrate and then it increases NO catabolism (29). 
Thus, increased MPO enzyme activity indirectly indicates 
a decrease in NO level. Also, TPM increases NO release by 
inducing the NO synthase enzyme (30). Because of decreased 
NO levels, the production of asymmetric dimethyl arginine is 
increased, and this causes endothelial dysfunction. On the 
other hand, it has been reported that TPM decreases I/R dam-
age via regulation of NO release (31). Our study showed that 
both MDA and MPO enzyme activity in the TPM-treatment 
group were significantly lower compared to the I/R group. 
Increased MPO level in the IR group may cause NO level to 
decrease and cause lung injury. TPM might have reduced li-
pid peroxidation, releasing MPO enzymes from neutrophils 
and monocytes and leading to ROS production during the I/R 
processin the TPM-treatment group.

During I/R, there occurs significant TNF-α release (32) and 
this leads the leukocytes to adhere to endothelial tissue. Thus, 
MPO and other lytic enzymes are released from leucocytes. 
Additionally, ROS production, synthesis of prostaglandins, 

platelet-activating factor (PAF), and thromboxane A2 (TXA2) 
release also result from TNF-α induction. Release of these 
substrates strengthens vasoconstriction even more (7). Both 
TNF-α and the other pro-inflammatory cytokines released 
because of TNF-α and ROS produced induce apoptosis via 
caspase enzyme pathway activation and thus lead to lung 
tissue damage (6). I/R studies have shown that blocking of 
TNF-α limits the lung damage (33). TPM has been shown to 
decrease I/R damage blocking release of TNF-α and other cy-
tokines (31, 34). Our study, similar to this, showed that sig-
nificant TNF-α release was found in the I/R group, whilst the 
TPM treatment group had restricted TNF-α release.

ET-1 causes severe vasoconstriction via binding toits re-
ceptors located on the vascular smooth muscle cells (11). In-
creased ET-1 levels are known to lead to pulmonary hyperten-
sion (35), cardiac failure (36), and bronchial asthma (37). The 
pulmonary system’s vascular smooth muscle cells and the 
other non-vascular organs’ (such as trachea and bronchial) 
tissues’ smooth muscle cells are affected by ET-1, which then 
leads to a potent construction with long-term duration, re-
sulting in pulmonary vascular vasoconstriction and bronchoc-
onstriction. This pulmonary effect of ET-1 has been reported 
to function via entering of calcium into the cells alongside 
increased leukotriene, TXA2 and PAF release (38, 39). Signifi-
cant cytokine release and ROS production lead to endothelial 
dysfunction, while release of ET-1 increases due to ET-1 gene 
expression (39). During the I/R process, ET-1 release has been 
reported to increase cell damage, while blocking ET-1 release 
reduces tissue damage (11, 38–41). Additionally, it is known 
that NO-released from endothelial tissue is broken down 
because of endothelial dysfunction and severe tissue dam-
age can occur due to imbalance of the NO/ET-1 ratio. In our 
study, ET-1 levels were profoundly higher in the I/R group and 
prominently lower in the TPM-treatment group. TPM could 
well protect endothelial tissue, decreasing levels of cytokines 
released and ROS produced and thus lead to preventing in-
creasing ET-1 release. 

During the I/R process, significant cytokine release and 
ROS production can lead to apoptosis, potentially resulting 
in tissue damage (6, 40). In a recent study, the I/R group’s 
caspase-3 enzyme activity was found as profoundly increased 
and lung tissue was severely damaged. TPM is known to be 
a suppressor of caspase-3 enzyme activity (42). In our study, 
the TPM-treatment group’s caspase-3 enzyme activity was 
prominently lower than that of the I/R group. TPM could very 
well prevent induction of apoptosis and thus decrease lung 
damage.

Lung tissue, due to its high sensitivity to injury, is dam-
aged by cytokines and ROS production emerging during the 
abdominal I/R process. Increased ET-1 level leads to increased 
ROS and endothelial dysfunction. Release of MPO enzymes 
by leukocytes in damaged tissue not only causes an increase 
in ROS levels but also utilizes NO as a substrate, consuming 
the NO. Consequently, increased ROS may damages NO-de-
pendent vasodilation and because NO levels are consumed 
by MPO, lung damage increases even more than before. TPM 
could highly prevent the lung from damage by decreasing 
caspase-3 enzyme activity, cytokine and ET-1 release and 
ROS levels generated.
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