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Objective(s): Due to cross-clamping of the aorta during aortic aneurysm surgeries, ischemia-
reperfusion (IR) develops, and it may cause damage to the aorta itself or even to remote organs by 
oxidative stress or inflammation. Fluoxetine (FLX) which might be used in the preoperative period for 
its tranquilizing effect also has antioxidant effects in short-term use. The purpose of our study is to 
examine whether FLX protects aorta tissue, against the damage caused by IR.
Materials and Methods: Three groups of Wistar rats were formed randomly. 1) Control group (sham-
operated), 2) IR group (60 min ischemia+120 min perfusion), and 3) FLX+IR group (FLX dose was 
20 mg/kg for 3 days IP before IR). At the end of each procedure, aorta samples were collected, 
and oxidant-antioxidant, anti-inflammatory, and anti-apoptotic status of the aorta were evaluated. 
Histological examinations of the samples were provided. 
Results: Levels of LOOH, MDA, ROS, TOS, MPO, TNFα, IL-1β, IL-6, NF-kB, MMP-9, caspase-9, 
8-OHdG, NO, and HA were found to be significantly increased in the IR group compared with control 
(P<0.05) and SOD, GSH, TAS, and IL-10 levels were significantly lower (P<0.05). FLX significantly 
decreased LOOH, MDA, ROS, TOS, MPO, TNFα, IL-1β, IL-6, NF-kB, MMP-9, caspase-9, 8-OHdG, 
NO, and HA levels in the FLX+IR group compared with IR group (P<0.05) and increased IL-10, SOD, 
GSH, and TAS (P<0.05). FLX administration prevented the deterioration of aortic tissue damage.
Conclusion: Our study is the first study that demonstrates FLX-mediated suppression of IR injury in 
the infrarenal abdominal aorta by antioxidant, anti-inflammatory, and anti-apoptotic properties.
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Introduction
Aortic cross-clamping is widely used to cease the blood 

flow in the vascular surgery of the aorta (1-3). Pause in blood 
flow due to clamping and recovery of the flow by removing 
the clamp causes changes in blood flow dynamics which 
eventually results in molecular changes at the cellular level. 
These variations in blood flow dynamics cause IR injury in 
the tissue that is subjected to ischemia for a while and also 
in remote organs such as the heart, lung, and kidney (4-6).

Oxidative stress defines the disrupted balance between 
oxidants and anti-oxidants resulting in accumulation of 
the oxidants which cause damage to important structural 
subunits of the cell including membrane lipids, proteins, 
and DNA. The infiltration of neutrophils, activation of 
proinflammatory cytokines, disruption of endothelial 
integrity, and disturbance of ion transport through the cell 
membrane mediates the damage caused by oxidative stress 
(7, 8). This cascade of events plays an important role in the 
formation of ischemia-reperfusion injury (9).

At the onset of IR injury, hypoxia disrupts the integrity 
of endothelium which takes a major role in neutrophil 

migration. Hypoxia also activates both transcriptional and 
non-transcriptional pathways and changes tissue responses 
eventually causing acute inflammation. When blood supply 
is reestablished and oxygen delivery is provided, tissue 
damage both locally and systemically occurs especially due 
to the activation of proinflammatory cytokines (TNF-α, IL-
1β, IL-6, etc.) and rapid release of reactive oxygen species 
(ROS) from polymorphonuclear leukocytes (PMNs) (10, 
11). End products released in IR possibly cause very serious 
complications called systemic inflammatory response 
syndrome (SIRS) in surgical repair of abdominal aortic 
aneurysm repair and may even lead to death by causing 
multi-organ dysfunction syndrome (MODS). To prevent 
the injury caused by IR, many methods including leucocyte 
therapy, ischemic preconditioning, various anti-oxidant 
therapies, and complement therapy have been used (12).

Fluoxetine (FLX) is a well-known and widely used 
serotonin reuptake inhibitor. It was first approved for the 
treatment of depression and then obsessive-compulsive 
disorder, bulimia nervosa, and many other disorders. It has 
good tolerability, easy dosing, and is considered safe to use 
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(13). FLX has been shown to have anti-oxidant (14, 15), 
anti-inflammatory (16), and antiapoptotic effects (17) on 
various stress conditions. Kirkova et al. showed the anti-
oxidant effects of FLX on the oxidative stress induced by 
melanoma in the spleen tissue of mice (18). In addition, we 
have provided significant results proving FLX alleviates IR 
injury via its anti-oxidant features in the lung (4) and anti-
oxidant and anti-inflammatory features in the kidney and 
heart in our previous studies (4-6).

To the best of our knowledge, no study has yet studied 
the effects of FLX on aortic IR-induced aortic tissue injury. 
Therefore, we examined the possible protective effect of FLX 
on the aortic tissue damage caused by IR of the infrarenal 
abdominal aorta (IAA).

Materials and Methods
Animals

Twenty-one male Wistar rats weighing 350–400 g were 
used in this study. Animals were housed in a controlled 
room with a 12-hr light/dark cycle and a temperature of 23 
± 1 °C, at 60% humidity. They were fed in individual cages 
and free access to food and water was provided. Experimental 
protocols were carried out according to the “Care and Use 
of Laboratory Animals Guide” provided by the National 
Institutes of Health. The study was approved by the Istanbul 
University Animal Care and Use Ethics Committee (2012/48).

Surgical procedure
Anesthesia of the rats was provided by intraperitoneal 

administration (IP) of pentobarbital sodium (60 mg/
kg). Spontaneous ventilation was ensured by a polyvinyl 
chloride tube inserted through a tracheostomy. All 
surgical procedures were performed by keeping the body 
temperature of the rats at 37 ± 0.5 °C, utilizing a heating 
pad. Blood pressure monitoring was ensured by carotid 
artery catheterization (22 gauge). A midline laparotomy 
was implemented after the skin was prepared aseptically. 
Prewarmed physiologic saline instillation to the peritoneal 
cavity was ensured to avoid dehydration of rats. Intestinal 
loops were pulled left through laparotomy by using 
moisturized gauze swabs to bring out the abdominal 
aorta. After isolation of the infrarenal abdominal segment, 
ischemia was induced by placing a microvascular clamp 
(vascu-statts II, midi flat 1001-532; Scanlan Int, St Paul, MN, 
USA) on the IAA for 60 min. Humidified gauze compress 
was applied to the abdominal cavity to avoid heat loss and 
dehydration. 5 min prior to each ischemia procedure 50 U/
kg (total volume 500 ml) IV heparin (Nevparin; Mustafa 
Nevzat Drug Company, Istanbul, Turkey) in isotonic saline 
was administered through the tail vein of the rats (4, 19).

At the end of the ischemia, procedure clamps were 
removed, and reperfusion was maintained for 120 min 
(20). The efficiency of both occlusion and reperfusion 
was evaluated by observing the pulsations at the distal 
portion of the clamped segment of the aorta and blood 
pressure monitorization was used for the confirmation 
of the procedure. After the IR procedures, the deep 
pentobarbital sodium euthanasia (150 mg/kg, IP) technique 
was used. Samples were taken from the aorta, distal to the 
microvascular clamp. For histological examination, samples 
were stored in formalin, and the remaining half of the 
samples were stored at -80 °C for the assays (21).

Experimental design
Rats were randomly assigned into three groups to have 

7 rats in each group: 1) Control group: in addition to 
sham-operation saline-injected group; II) IR group: saline 
administered group before IR procedure; III) FLX+IR 
group: FLX administered group before IR procedure. In the 
control group, only IAA was dissected following a midline 
laparotomy. In the IR group, IAA was clamped for 60 min 
following a midline laparotomy, at the end of the clamping 
procedure, reperfusion was maintained for 120 min. Dosing 
in the FLX+IR group was adjusted to 20 mg/kg, IP once daily 
for 3 days before ischemic surgery (4, 14, 21). The saline 
injection was performed similarly to the FLX injection. IR 
procedure is applied 30 min after the injection.

Chemicals
Highest-grade chemicals were obtained from Sigma 

Chemical Co (St Louis, MO, USA). Deionized water was 
used in all assays. All reagents were stored following the 
manufacturer’s instructions at +4 °C and their equilibration 
to room temperature was ensured before using them. 

Preparation of aortic homogenates
At the end of the reperfusion procedure of the study, 

dissection of the aorta was provided immediately, and 
samples were washed with ice-cold phosphate-buffered 
saline (PBS, 0.1 mol/l, pH 7.4). Afterward, samples 
were dried with filter paper and their weight was noted. 
Following the addition of PBS, the aortic samples were 
cut into pieces, and homogenization was performed by 
a high-speed homogenizer (Ultra-Turrax, IKA® Werke, 
Staufen, Germany) at speed of 22000 rpm. Following 
the homogenization procedure, centrifugation of the 
homogenates was performed at 1000 rpm for 10 min at 4 
°C to obtain pellets and supernatants (22). All biochemical 
analyses were performed with supernatant. Firstly, the 
Bradford method was used to determine the total protein 
amount (23). 

Assays in the aortic tissue homogenates
Measurement of oxidant and anti-oxidant parameters 

The levels of Superoxide dismutase (SOD), Glutathione 
(GSH), Lipid hydroperoxide (LOOH), Malondialdehyde 
(MDA), Total oxidant status (TOS), Total anti-oxidant 
status (TAS) and Reactive oxygen species (ROS) were 
determined by ELISA using commercially available kits 
from eBioscience (San Diego, CA, USA). Assays were 
performed according to the manufacturer’s instructions. 

Measurement of proinflammatory and anti-inflammatory 
cytokines 

Measurement of tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β), interleukin-6 (IL-6), as 
proinflammatory cytokines, and interleukin-10 (IL-10) as 
anti-inflammatory cytokine in aorta tissue homogenates 
were measured with commercial ELISA kits (eBioscience, 
San Diego, CA, USA). Assays were performed according to 
the manufacturer’s instructions.  

Measurement of apoptotic and other parameters 
The levels of nuclear factor kappa B (NF-κB), 

metalloproteinase-9 (MMP-9), caspase-9 (Caps-9), 
8-hydroxy-2’-deoxyguanosine (8-OHdG), nitric oxide 
(nitrite/nitrate), and hyaluronan(HA) were also determined 
by ELISA methods using commercially available kits 
(Abcam, Cambridge, MA, USA). Assays were performed 
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according to the manufacturer’s instructions.  
All samples were measured in duplicate by an expert 

who was blind to experimental groups. ELISA kits 
were equilibrated at room temperature before use. All 
measurements were presented by dividing the protein 
content of the respective sample.

Histological evaluation
The aorta samples of all groups were fixed in a neutral 

buffered formalin solution. The tissues were subsequently 
embedded in paraffin and 4 µm thick slices were obtained 
from the paraffin blocks for histological slides. Slides were 
stained with hematoxylin and eosin for a general overview 
and Safranelin & Mallory’s stain for the evaluation of 
elastic and collagen fibers. Stained histological sections 
were examined and photographed by a Leica DMLB light 
microscope. Photographs from each serial aorta section 
(n=7 sections per aorta) were examined by an experienced 
histopathologist blindly.

The difference in aortic damage was semiquantitatively 
evaluated according to the scoring of Marcela Polachini Prata 
(3). Changes in the vascular wall were noted. Fragmentation 
of elastic fibers, loss of the lamellar architecture, 

disorganization of collagen fibers, mononuclear cellular 
infiltrate in tunica media, and mononuclear cell infiltration 
in the tunica adventitia was scored for each feature as 
follows; 0: normal tissue; 1: mild; 2: moderate; 3: severe; and 
4: highly severe. Semiquantitative histological findings are 
given in Table 1. 

Statistical analysis 
Means ± SEM values are reported. GraphPad Prism 

version 8.0 for Windows (Graph Pad Software v5.0, San 
Diego, CA, USA) was used for statistical analysis. In the 
comparison, One-Way Analysis of Variance was used; post 
hoc analyses were achieved with Tukey’s post hoc test, when 
P<0.05 was considered significant for all analyses.

Results
Changes in aortic tissue oxidative stress parameters

 IR significantly increased LOOH, MDA, TOS, and ROS 
levels and significantly decreased SOD, GSH, and TAS levels 
in aortic tissue samples compared with the control group. 
MPO level increased significantly by IR (P<0.05; control vs 
IR group) (Table 2).

 Pretreatment with FLX prior to IR procedure 
 

 

  

Table 1. Semiquantitative histological evaluation of the aorta samples of the rats

Table 2. Results of aortic tissue, aortic tissue results in three experimental groups. Oxidative stress biomarkers, pro and anti-inflammatory cytokines, NF-κB, 
and specific injury-related markers

LOOH: Lipid hydroperoxide, MDA: Malondialdehyde, TOS: Total oxidant status, GSH: glutathione, SOD: superoxide dismutase, TAS: Total anti-oxidant 
status, ROS: Reactive oxygen species, MPO: Myeloperoxidase, TNF-α: tumor necrosis factor-alpha, IL-6: Interleukin 6, IL-1β: Interleukin 1β, IL-10: 
Interleukin 10, NF-κB: nuclear factor-kappa B, MMP-9: Matrix metallopeptidase 9, 8-OhdG: 8-hydroxide oxyguanosine, NO: Nitric oxide, HA: Hyaluronan. 
Statistical significance and comparisons: * P<0.05, ** P<0.01, ***  P<0.001 vs control; + P<0.05, ++ P<0.01, +++ P<0.001 vs IR

 

IR: Ischemia-reperfusion, FLX: Fluoxetine
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significantly decreased LOOH, MDA, TOS, and ROS levels 
while significantly increasing SOD, GSH, and TAS levels in 
the aortic homogenate (P<0.05; IR vs FLX+ IR group). FLX 
pretreatment provided a normalization in MPO levels. 

Changes in the aortic tissue inflammation parameters
 Pro-inflammatory cytokines TNF-ɑ, IL-6, IL-1β, and NF-

kB increased significantly in the aortic homogenate of the 
IR group when compared with the control group (P<0.05). 
On the other hand, the anti-inflammatory cytokine IL-10 
significantly decreased in the IR group compared with the 
control group (P<0.05) (Table 2).

 In the FLX+IR group, pretreatment with FLX before the 
IR procedure significantly decreased TNF-ɑ, IL-6, IL-1β, 
and NF-kB levels, and IL-10 significantly increased (P<0.05; 
IR vs FLX+ IR group) and approached the control group 
level (Table 2). 

Changes in the aortic tissue-specific injury-related markers
 IR led to a significant increase in MMP-9, caspase-9, 

8-OhdG, NO, and HA levels compared with the control 
group (P<0.05). FLX preadministration before the IR period 
reversed the significant increase in MMP-9, caspase-9, 
8-OhdG, NO, and HA found in the IR group and levels 
returned to control group levels (Table 2).

Histological evaluation
 The normal structure of the aorta was observed in the 

histological examination of the control group. Endothelial 
disruption, subendothelial deterioration, and dissociation 
of elastic lamina near the intima were in the IR group. 
Mononuclear infiltration and dissociation areas due to 
edema were observed between the elastic lamellae in tunica 
media. Tunica adventitia of the IR group also showed 
lymphocyte infiltration. A significantly higher injury score 
was in the IR group. In the FLX+IR group, the endothelial 
and subendothelial areas were intact. Mononuclear cells 
were sparsely in the subendothelial space (Figure 1).

Discussion
Pathophysiological mechanisms underlying IR injury 

emerge in two steps. The first step depends on the lack 
of oxygen which results in the depletion of energy stores 
in the cell. Changes in the second step are a consequence 
of interference between oxidant status, changes in 
microcirculation, inflammatory responses, and apoptosis. 
In IR injury, the accumulation of neutrophils, ROS, and 
cytokines are the inevitable consequence at the tissue level 
(10, 24) which reaches out to oxidative damage to proteins 
and DNA (25).

IR generates its damage mainly through the peroxidation 
of the cell membrane lipids. By reperfusion of the tissue 
following ischemia, the membrane becomes the target site 
for oxidative stress. As a matter of fact, in our study, the 
significantly increased LOOH and MDA results support 
this finding. FLX preadministration before IR may be 
useful in terms of eliminating the causes of oxidative stress 
by decreasing LOOH, MDA, and  ROS, and this situation 
indicates the anti-oxidant effect of FLX.

These findings are comparable with the studies that 
reported a decrease in ROS levels directly proportional to 
the dose of FLX (14, 18).

In order to maintain homeostasis in the internal 
environment, the anti-oxidant enzymatic mechanisms 
of the cells should rapidly respond to oxidative stress. In 
this concept, the induction of ROS scavenging enzymes 
has been shown to have beneficial effects on IR injury by 
preventing ROS formation (9). SOD and GSH are major 
anti-oxidant defense system of the cell and exert a key role 
in the clearance of free radicals (26). 

In the present study, the reduction in GSH and SOD in 
response to IR suggests the consumption of these anti-
oxidants during the breakdown of free radicals. Pal & Dandiya 
(27), have previously shown a similar decrease in brain GSH 
levels in response to depression induced by stress.

Decreased levels of GSH and SOD, in this study, were 
prevented by FLX in aortic tissue in IR effectively. By restoring 

 

Figure 1. a, b, and c represent the normal general morphology and intact endothelium (v) of the control group; d, e, f, and g represent the IR group, 
endothelial disruption (arrowhead), dissociation of the elastic lamellae (asterisk), and mononucleolar cells (arrow) in tunica media and adventitia; h, I, and 
j represent the FLX+IR group, continuous endothelium with sparse subendothelial mononucleolar cells. a, b, d, e, f, h, and i hematoxylin and eosin stain; c, 
g, and j Safranelin & Mallory’s stain. Scale bar respresent 50 µm
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impaired GSH pathways, FLX administration may exert the 
observed anti-oxidant effects via the restoration of critical 
GSH-related processes such as modulation of cellular redox, 
free radical scavenging, regulation of cell signaling, etc. (18). 
A significant increase in SOD, CAT, and GSH activities 
and a significant decrease in MDA by FLX treatment in 
restraint stress-induced rats have also been reported (17). 
Similarly, Kolla et al. also showed neuroprotection by FLX 
pretreatment in cultured pheochromocytoma cells of the 
rats through an up-regulation in SOD activity (28). Our 
previous findings were also in line with the present study 
(4-6). Our results suggest that FLX may reduce oxidative 
stress-induced injury by enhancing the anti-oxidant 
response provided by GSH and SOD.

A key cellular pathophysiologic factor in the injury caused 
by IR is the neutrophils which are the site of production of 
MPO, an index of neutrophilic accumulation that occurred 
during IR injury (29). In our study, a reduction observed 
in the MPO level by the preadministration of FLX prior to 
IR indicates the anti-inflammatory effect of FLX. In a study 
similar effect of FLX has been shown in the blood-brain 
barrier (30). Lim et al.’s study also supports our finding (31).

An increase in proinflammatory cytokines in IR suggests 
that free radicals which develop in the IR process may 
promote monocytes for the production of proinflammatory 
cytokines in IR injury. These cytokines stimulate endothelial 
cells for the further release of various interleukins (8). It is 
thought that the increase in IL-10 level in the FLX+IR group 
was caused by decreased suppression of IL-10 because of 
the FLX’s suppressing effect on both acute inflammation 
and proinflammatory cytokines (32). Similar changes were 
also found in our previous studies (5, 6). In addition, a study 
suggested that FLX reduced the levels of pro-inflammatory 
cytokines (33).

As in our study, increased NF-kβ levels in response to 
IR have an important role in inflammation because NF-
kβ increases gene expression of various proinflammatory 
cytokines, thereby regulating inflammation (34). NF-kβ 
is also associated with neutrophilic infiltration and lipid 
peroxidation into tissue (33). As well as its direct effects on 
cytokines and chemokines it also mediates the adhesion, 
proliferation, apoptosis, maturation, and differentiation of 
cells.

The increase of TNF-α, IL-6, and IL-1β together with 
NF-kβ in our study suggests that the inflammation of 
acute aortic tissue damage is increased by NF-kβ mediated 
proinflammatory cytokines. While FLX suppresses 
inflammatory mediators, especially TNF-α, and reduces 
free radicals, it also causes a decrease in NF-kβ.

8-OHdG is widely used to reflect pro-inflammatory 
cytokines and the reactive oxygen species induced oxidative 
damage in nuclear and mitochondrial DNA (25). In our 
study, the increase of 8-OHdG levels in IR-induced aortic 
tissue injury suggests that nuclear or mitochondrial DNA 
damage occurred. This DNA damage may initiate the 
apoptotic pathways (35). 

Caspases that are a member of cysteine proteases regulate 
apoptosis by a cascade of reactions (35). According to our 
results, the significantly increased levels of caspase-9 and 
8-OhDG parameters in the IR group indicate the initiation 
of the apoptotic process. Although several studies showed 
anti-apoptotic effects of FLX, Djordjevic et al. found 
FLX-induced apoptotic activity in the rat model of stress-
induced liver injury (36). In the present study, a significant 

decrease in caspase-9 and 8-OhDG in the FLX+IR group 
indicates the antiapoptotic features of the FLX. A study 
suggested that FLX treatment either alone or combined with 
olanzapine has an antiapoptotic effect in the frontal cortex, 
hippocampus, and striatum nucleus of adult rats (37). The 
anti-apoptotic effect of FLX may be due to its anti-oxidant 
and anti-inflammatory properties. 

In our study, the increase in NO in the aortic samples of 
the IR group may be due to the increase in proinflammatory 
cytokines (31). It has been shown that TNF-𝛼 and IL-
1β induce an increase in NO production (38). As well as 
causing nitrosative stress, increased amounts of NO may be 
involved in the inflammation process. Reduced NO and the 
proinflammatory cytokine levels in the FLX+IR group may 
be considered as the anti-inflammatory, and anti-oxidant 
effects of FLX also reduce the formation of NO.

IR also has harmful effects on the extracellular matrix 
(ECM). Matrix metalloproteinases (MMPs) take a role in 
the degradation of various proteins in the ECM. An increase 
in its activity is accompanied by increased inflammatory 
mediators, and capillary permeability (39). In our study, 
the increase in MMP-9 that occurred in the IR group was 
prevented in the FLX + IR group, and the harmful effects of 
MMP-9 on the ECM may be reduced by FLX. Lee et al. have 
shown that FLX preserves the function of the blood-spinal 
barrier by inhibiting the matrix metalloprotease activity 
(30). Thus, we can say that this reduction is due to the anti-
oxidant, anti-inflammatory, and anti-apoptotic effects of 
FLX.

Mediators released from tissue cells in the ECM during IR 
induced the inflammatory process to potentiate hyaluronan 
production (40, 41). The increase in hyaluronan may be 
referred to as the increase in proinflammatory cytokines 
as previously explained. In our recent study, it has been 
shown that hyaluronan levels increased in the kidney tissues 
of rats exposed to IR (5). On the other hand, increased 
inflammatory mediators in IR modulate fibroblast activity 
by increasing hyaluronan (42). 

The reduction of both MMP-9 and hyaluronan levels 
in the FLX-treated group suggests that FLX has a direct 
preventing effect on ECM remodeling. The hyaluronan level, 
which was found to be increased in the IR group, suggests 
that FLX has a direct preventing effect on ECM remodeling.

The limitation of our study is the inability to determine 
the changes in aortic endothelial biomarkers in IR and the 
effects of FLX on these changes. In our next research, we 
plan to investigate this issue. 

Conclusion
To the best of our knowledge, our study is the first to 

evaluate the effect of FLX on IR injury in the infrarenal 
abdominal aorta. Depending on our findings we may 
suggest that fluoxetine improves the defense systems of the 
aorta tissue by giving raise to anti-inflammatory cytokines 
and anti-oxidant enzymes and by reducing the formation of 
free radicals in ischemia-reperfusion injury. Also, FLX may 
be involved in the modulation of cell apoptosis sequence 
and remodeling of the extracellular matrix. 

In line with the findings obtained from the study, FLX 
can be used as one of the preventive, therapeutic approaches 
to avoid aorta injury in IR. Short-term use of fluoxetine 
before aortic surgery may offer beneficial effects in the 
recovery at least in this study setting, further evaluation and 
consideration of fluoxetine from a pretreatment perspective 
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may provide better surgical outcomes.        
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