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Abstract
Background  The development of protective therapeutic strategies against acute kidney injury associated 
with suprarenal aneurysms, renal artery occlusive disease, and suprarenal aortic reconstruction is of paramount 
importance. Adropin is a peptide hormone that has been shown to protect vascular endothelial cells and reduce 
oxidative stress, apoptosis, and inflammation. Therefore, in addition to its metabolic and vascular effects, adropin has 
potential as a therapeutic agent in renal ischemia-reperfusion injury. This study aims to investigate the protective 
effects of adropine on kidney ischemia-reperfusion (IR) injury under the suprarenal aortic cross clamp.

Methods  Male Sprague Dawley rats were divided into six groups, with seven rats in each group for the study design. 
The control and ischemia reperfusion (IR) induced groups were designated as the two groups while the other four 
groups (TR1 to TR4 ) were administered varying doses of adropin at 0.5 mg/kg, 1 mg/kg, 1.5 mg/kg, and 2 mg/kg for 
each group. After a 60 min ischemic period, a 24-hour reperfusion period was implemented to assess the outcomes 
of adropin treatment on renal IR. Histopathological analysis was performed in conjunction with determination of 
apoptosis, and malondialdehyde (MDA) levels. In addition, serum concentrations of adropin, superoxide dismutase 
(SOD), glutathione peroxidase (GSH-Px), as well as endothelial nitric oxide synthase (eNOS) were measured in order to 
further define the biochemical reactions of the treatment.

Results  MDA levels were significantly elevated in the IR group compared to the control group, while the activities 
of eNOS, SOD, and GSH-Px enzymes were significantly decreased (P < 0.05). MDA levels in the treatment groups 
were lower than those in the IR group, whereas eNOS, SOD, and GSH-Px levels were higher (P < 0.05). Statistically, the 
lowest adropin levels were observed in the IR group, while the highest levels were noted in the TR4 group (P < 0.05). 
Histopathological examination revealed a reduction in tissue damage in the treatment groups compared to the IR 
group.

Conclusion  The histological and biochemical findings from this study indicate that adropin provides protective 
effects against renal ischemia-reperfusion injury in a dose-dependent manner.
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Introduction
Acute kidney injury (AKI) is a common pathological con-
dition that can lead to chronic kidney disease. One of the 
primary causes of AKI is ischemia-reperfusion (IR) dam-
age [1]. Ischemia initiates a series of biochemical reac-
tions that lead to cellular dysfunction and eventual cell 
death [2]. However, the restoration of oxygen to ischemic 
tissue can exacerbate kidney damage through oxidative 
stress [3, 4]. During kidney IR damage, levels of blood 
and tissue oxidant indicators increase, while antioxidant 
levels decrease. As a result, microvascular disorders, 
inflammation, necroptosis, and apoptosis of tubular epi-
thelial cells can occur, leading to homeostatic imbalances 
[5].

Discovered in 2008, adropin is a peptide hormone 
composed of 76 amino acids, with a similar sequence in 
humans, mice, and rats [6]. Adropin has been identified 
in various tissues and body fluids, including the brain, 
cerebellum, liver, kidney, heart, pancreas, small intestine, 
endothelial cells, colostrum, and other body fluids [7]. 
Studies reveal that adropin regulates energy homeostasis, 
protects against endothelial dysfunction, and plays a role 
in insulin resistance and cell communication [8]. It has 
been shown that adropin levels can decrease in various 
inflammatory metabolic diseases; however, there is lim-
ited data on the relationship between adropin and kidney 
diseases [9].

Undoubtedly, the kidneys are among the most affected 
organs during the cross-clamping process in classical 
suprarenal aortic surgery. In cases of abdominal aor-
tic diseases, even when the pathology is located at the 
infrarenal level, the surgeon may need to apply the cross-
clamp at the suprarenal level [10]. Ischemia and reperfu-
sion cause changes in the kidney vascular structure and 
endothelial function in acute kidney injury [11]. There-
fore, agents involved in NO-dependent signaling path-
ways may play a role in kidney ischemia-reperfusion 
injury. Adropin, which upregulates eNOS protein levels 
in endothelial cells, has also demonstrated anti-apoptotic, 
anti-oxidative, and anti-inflammatory effects in both in 
vitro and in vivo studies [12–14]. Therefore, the primary 
aim of this study is to investigate the protective effect 
of different doses of exogenous adropin against renal IR 
injury caused by a cross-clamp placed in the suprarenal 
aorta. We believe that the potential positive outcomes of 
this study may provide a safer surgical environment for 
surgeons performing suprarenal aortic procedures.

Materials and methods
Animals
This study was approved by the Adiyaman University 
Animal Experiments Local Ethics Committee (Approval 
No: 2019/37). Male Sprague-Dawley rats weighing 
250–280  g and aged 10–12 weeks, obtained from the 

Adiyaman University Experimental Animal Production 
and Research Centre, were divided into six groups, each 
containing seven animals. The experiments were carried 
out according to ARRIVE guidelines and the US National 
Institutes of Health, with the approval of the Research 
and Ethics Committee of Adıyaman University of medi-
cal sciences. All animals were not treated for the first 7 
days to facilitate cage adaptation. They were housed at 
a room temperature of 22  °C ± 2  °C, with alternating 
12-hour light and dark cycles, and were provided with 
food and water ad libitum during both the adaptation 
and experimental periods.

Experimental design and surgical procedures
Control group (n: 7)
The animals were anesthetized using intraperitoneal (i.p.) 
injections of 50 mg/kg ketamine and 10 mg/kg xylazine. 
Following laparotomy, the intestines were retracted to 
access the suprarenal aorta, and the adipose tissue sur-
rounding the aorta was cleared. No further procedures 
were performed, and the abdominal incision was sutured 
according to the bilayer abdominal incision model. Ster-
ile saline (SS) was administered at 5% of body weight 
to replace the fluid lost during the abdominal opening. 
After 24 h, blood and tissue samples were collected under 
anesthesia, and the animals were subsequently decapi-
tated (Table 1).

IR group (n: 7)
The animals were anesthetized using intraperitoneal (i.p.) 
injections of 50 mg/kg ketamine and 10 mg/kg xylazine. 
Following laparotomy, the intestines were retracted to 
access the suprarenal aorta, and the adipose tissue sur-
rounding the aorta was cleared before applying the 
clamp. Appropriate induction of ischemia was confirmed 
based on the intensity of color fading in the tissues within 
a few minutes of clamping. After 60 min of ischemia, the 
clamp was removed to initiate reperfusion. The abdomi-
nal incision was then sutured according to the two-layer 
incision model. Sterile saline was administered at 5% of 
body weight to replace the fluids lost during the abdomi-
nal opening. After 24 h of reperfusion, blood and tissue 
samples were collected under anesthesia, and the animals 
were subsequently decapitated (Table 1).

Treatment groups (TR1;TR2;TR3;TR4)
The animals in these four groups were administered 
adropin at the following doses: 0.5  mg/kg, 1  mg/kg, 
1.5  mg/kg, and 2  mg/kg, via intraperitoneal (i.p.) injec-
tion 30  min before the surgical procedures and arterial 
clamping. All subsequent procedures were conducted in 
accordance with those in the IR group (Table 1).

We performed cervical dislocation as a humane eutha-
nasia method for rats, ensuring that each animal was 
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fully anesthetized prior to the procedure. This technique 
was carried out by researchers to minimize distress and 
adhered to our institution’s ethical guidelines for animal 
care. Blood samples from all animals were centrifuged, 
and the resulting serum samples were stored at − 20  °C 
until the enzyme-linked immunosorbent assay (ELISA) 
was performed.

Biochemical analysis
Measurement of SOD and GSH-Px activities in serum
GSH-Px and SOD enzyme activities were determined 
using the rat GSH-Px ELISA Kit (Rel Assay Diagnostics, 
Gaziantep, Turkey, LOT No: 201-11-1705) and the rat 
SOD ELISA Kit (Rel Assay Diagnostics, LOT No: 201-11-
1697). Measurements were performed according to the 
manufacturer’s instructions and read on an ELISA reader 
(Bio-Tek ELX800 ELISA, BioTek Instruments, USA) at 
450 nm.

Measurement of MDA level in kidney tissue
Measurement of MDA levels in kidney tissue was per-
formed as follows: First, kidney tissue samples were 
homogenized using a buffer consisting of 14.5 mmol 
Tris base, 36.5 mmol Tris-HCl, 161 mmol KCl, and 2% 
Tween 20. Tissue samples were weighed, and 5 ml of the 
buffer was added. The mixture was then homogenized at 
16,000 rpm for 3 min using an Ultra Turrax Type T25-B 
homogenizer (IKA Labortechnic, Germany). The homog-
enates were centrifuged at 5,000  rpm for 5  min. Subse-
quently, 1 ml of the supernatant was mixed with 1 ml of 
10% (w/v) trichloroacetic acid (TCA), 1 ml of 0.6% (w/v) 
thiobarbituric acid, 1 ml of distilled water, and 0.5 ml of 
4% (v/v) hydrochloric acid. This mixture was incubated 
at 95  °C for 120  min and then allowed to cool to room 
temperature. Finally, 3 ml of butanol was added to each 
tube, and the mixture was vortexed and centrifuged at 
5,000  rpm for 5  min. The butanol phase was collected, 

and absorbance was measured at 532 nm, using butanol 
as the blank. The results were expressed as nanomoles 
per gram of tissue.

Measurement of adropin and eNOS activities in serum
Adropin and eNOS enzyme activities were determined 
using the rat adropin ELISA kit (Rel Assay Diagnos-
tics, LOT No: 201-11-1717) and the rat eNOS ELISA 
kit (SunRed Biotechnology Company, Shanghai, China, 
LOT No: 201-11-0466). Measurements were conducted 
according to the manufacturer’s instructions and were 
read on an ELISA reader (Bio-Tek ELX800, BioTek 
Instruments, USA) at 450 nm. The results were expressed 
as ng/ml.

Histopathological analysis
After the rats were decapitated, kidneys were removed, 
weighed, and rapidly fixed in 10% buffered formalin. 
After routine tissue processing, 5-µm thick tissue sec-
tions were obtained from the paraffin blocks, stained 
with hematoxylin-eosin (H&E), and evaluated using with 
light microscopy (Leica DM500 attached Leica DFC295 
Digital Image Analyze System).

Apoptotic analysis
Investigation of apoptosis was performed through the 
immunohistochemical determination of caspase-3 posi-
tivity in kidney tissue. For this, 5-µm sections obtained 
from paraffin blocks were placed on poly-L-lysine slides. 
The deparaffinized tissues were passed through a graded 
alcohol series and then incubated in citrate buffer solu-
tion at pH 6 in a microwave oven (750 W) for a total of 
12 min (7 min followed by an additional 5 min) to retrieve 
the antigen. Sections were treated with Ultra V Block 
solution to prevent background staining. After this, the 
sections were incubated with caspase-3 antibody (Cas-
pase-3, Rabbit polyclonal IgG, ab2302, Abcam, London, 

Table 1  Description of the experimental groups
Group Anesthesia Method Surgical Procedure Treatment Ischemic 

Procedure
Reperfu-
sion Time

Control Group
(N = 7)

50 mg/kg ketamine + 10 mg/
kg xylazine (i.p.)

Laparotomy, bilayer abdomi-
nal incision model

Sterile saline (5% body weight) 
30 min before the surgical 
procedures

- 24 h 
reperfu-
sion

IR Group
(N = 7)

50 mg/kg ketamine + 10 mg/
kg xylazine (i.p.)

Laparotomy, suprarenal 
aorta clamping, bilayer 
abdominal incision model

Sterile saline (5% body weight) 
30 min before the surgical 
procedures

60 min of 
ischemia

24 h 
reperfu-
sion

Treatment Group 1 
(TR1)
(N = 7)

50 mg/kg ketamine + 10 mg/
kg xylazine (i.p.)

Laparotomy, suprarenal 
aorta clamping, bilayer 
abdominal incision model

0.5 mg/kg Adropin (i.p.) applica-
tion 30 min before the surgical 
procedures

60 min of 
ischemia

24 h 
reperfu-
sion

Treatment Group 2 
(TR2)
(N = 7)

50 mg/kg ketamine + 10 mg/
kg xylazine (i.p.)

Laparotomy, suprarenal 
aorta clamping, bilayer 
abdominal incision model

1 mg/kg Adropin (i.p.) 30 min 
before the surgical procedures

60 min of 
ischemia

24 h 
reperfu-
sion

Treatment Group 3 
(TR3)
(N = 7)

50 mg/kg ketamine + 10 mg/
kg xylazine (i.p.)

Laparotomy, suprarenal 
aorta clamping, bilayer 
abdominal incision model

1.5 mg/kg Adropin (i.p.) 30 min 
before the surgical procedures

60 min of 
ischemia

24 h 
reperfu-
sion
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UK) for 60  min. Following this, they were treated with 
a secondary antibody for 30  min, streptavidin alkaline 
phosphatase for 30 min, and then the Fast Red Substrate 
System. Tissues were counterstained with Mayer’s hema-
toxylin, washed with phosphate-buffered saline and dis-
tilled water, and then covered with a coverslip using aqua 
medium. The prepared slides were examined under a 
light microscope and photographed using a Leica DM500 
attached to a Leica DFC295 Digital Image Analysis Sys-
tem. Histoscores were based on the prevalence interval 
for immunoreactivity as follows: <25%, 0.1; 26–50%, 0.4; 
51–75%, 0.6; and 76–100%, 0.9. Staining intensity was 
classified as absent (0), very low (+ 0.5), low (+ 1), mod-
erate (+ 2), and severe (+ 3). The histopathological score 
was calculated as the prevalence multiplied by the stain-
ing intensity.

Statistical analysis
Statistical analyses were performed using the GraphPad 
Prism 8 software. Firstly normalization analysis done for 
all tests. The One-way Anova was used for intergroup 
comparisons of MDA, SOD, GSH-Px, eNOS, and immu-
nity variables. Tukey’s pairwise multiple comparison 
test was used to determine the intergroup differences 
between the significant variables.

Results
Serum SOD levels
The SOD values of the control group did not show a sig-
nificant difference when compared to those of the TR1 
and TR2 groups; however, they were significantly higher 
than those of the other groups (P < 0.05). The SOD lev-
els in the TR1, TR2, and TR3 groups were similar and 
significantly higher than those in the IR and TR4 groups 
(P < 0.001) (Fig. 1).

Serum GSH-Px levels
GSH-Px levels were found to be lower in the IR group 
compared to the control group (p = 0.0054). After treat-
ment, GSH-Px levels increased; however, they displayed 
an inverse response to the increase in dose. Notably, the 
lowest dose exhibited the highest efficacy (Fig. 2).

MDA levels in kidney tissue
MDA values in the IR group were significantly higher 
than those in the other groups (p < 0.0001). There were 
no significant differences in MDA levels between the TR1 
and TR2 groups compared to the control group; however, 
the TR3 and TR4 groups exhibited significantly elevated 
MDA levels (p < 0.0001) (Fig. 3).

Serum Adropin levels
Adropin levels were observed to be significantly lower in 
the IR group (P < 0.0001) and, as expected, increased after 
treatment in a dose-dependent manner (Fig. 4). Adminis-
tration of 1.5 mg/kg (p = 0.0002) and 2 mg/kg (P < 0.0001) 
of adropin resulted in a significant increase compared to 
the control group.

Serum eNOS levels
Serum eNOS levels in the control group were found to be 
significantly higher than those in the IR group (P < 0.0001) 
and the TR4 group (P = 0.0013). Statistically significant 
increases were observed in the TR1 (P = 0.0083) and TR3 
(P = 0.0318) groups compared to the IR group (Fig. 5).

Effect of adropin on kidney histopathology
Histopathological examination revealed no changes 
in the kidney tissue of the control group, which under-
went sham surgery without ischemia (Fig.  6a). In con-
trast, severe kidney tissue damage was observed in the IR 

Fig. 1  Effects of different doses of adropin administration on SOD levels in ischemia reperfusion injury (Following the ischemia-reperfusion (IR) applica-
tion, a significant reduction in superoxide dismutase (SOD) levels was observed (P < 0.001). Treatment with adropin resulted in a notable increase in SOD 
levels. The specific differences between the treatment groups are detailed in the accompanying table)
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group (Fig. 6b). This injury was characterized by conges-
tion, bleeding, tubular necrosis, tubular dilatation, and 
the presence of protein casts within the tubules. Admin-
istration of 0.5 mg/kg, 1 mg/kg, and 1.5 mg/kg of adropin 
significantly reduced the extent of kidney tissue injuries 
(Fig.  6c and d, and 6e, respectively). However, adminis-
tration of 2 mg/kg of adropin did not show any protective 
effect against kidney damage (Fig. 6f ).

Immunoreactivity of apoptosis
Caspase-3 positive cells were identified in the tubu-
lar, glomerular, and interstitial areas (Fig.  7a-f ). His-
toscores were calculated, allowing for comparison among 
all groups relative to the IR group. Significant differ-
ences were observed in the control (p = 0.0198), TR1 
(p = 0.0131), and TR2 (p = 0.0198) groups (Fig. 8).

Fig. 3  Effects of different doses of adropin administration on MDA levels in ischemia reperfusion injury. (Malondialdehyde (MDA) levels were significantly 
elevated in the ischemia-reperfusion (IR) group compared to the other groups (P < 0.0001). Additionally, the TR3 and TR4 groups showed significantly 
higher MDA levels than the control group (P < 0.0001). No significant differences in MDA levels were observed between the TR1 and TR2 groups com-
pared to the control group. The specific differences between the treatment groups are detailed in the accompanying table)

 

Fig. 2  Effects of different doses of adropin administration on GSH-Px levels in ischemia reperfusion injury. (GSH-Px levels in the ischemia-reperfusion (IR) 
group were significantly lower compared to the control group (P = 0.0054). The TR1 group exhibited significantly higher GSH-Px levels than the IR group 
(P = 0.0008), while the TR4 group had significantly lower GSH-Px levels (P = 0.0390). The specific differences between the treatment groups are detailed in 
the accompanying table)
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Discussion
Our study demonstrated that adropin attenuates renal 
IR injury by regulating eNOS, markers of oxidative stress 
(MDA, SOD, GSH-Px), and apoptosis. Importantly, the 
doses at which adropin produces its actions are in a criti-
cal nature, as lower doses demonstrate beneficial effects, 
while ever-higher doses fail to show improvement, or 
worse, may even prove harmful.

Adropin is associated with various metabolic risk fac-
tors. Plasma adropin levels are negatively correlated with 

obesity and insulin resistance [15]. Low serum adropin 
levels have been observed in patients with cardiac X syn-
drome and severe atherosclerosis [16, 17]. Furthermore, 
adropin has been shown to reduce endothelial cell per-
meability and modulate ischemia-induced blood-brain 
barrier injury [18]. In addition to its metabolic proper-
ties, adropin also exhibits non-metabolic effects. It has 
been revealed to improve perfusion and increase capil-
lary density in hindlimb ischemia [19]. Although data 
on adropin levels in kidney disease is limited, a negative 
correlation has been noted between this peptide and the 
progression of kidney failure. In our study, adropin lev-
els were found to be significantly lower in the IR group, 
suggesting that adropin plays a role during the ischemia-
reperfusion process and may be beneficial for patients 
with acute kidney injury (AKI).

Adropin regulates endothelial function by upregulat-
ing endothelial nitric oxide synthase (eNOS), which is 
a major component of the reperfusion injury salvage 
kinase (RISK) pathway and a crucial survival mechanism 
against ischemia-reperfusion (I/R) injury [19, 20]. In our 
study, we observed a significant increase in eNOS levels 
following treatment with adropin, indicating its protec-
tive effect.

During the ischemia-reperfusion procedure, blood 
flow is temporarily interrupted in the ischemic tissue. 
However, the subsequent restoration of blood flow par-
adoxically increases tissue damage [21]. Additionally, 
the reintroduction of oxygen to ischemic tissue exacer-
bates kidney damage through oxidative stress and lipid 
peroxidation. Malondialdehyde (MDA) is an excellent 
indicator of lipid peroxidation. Excessive lipid peroxida-
tion during the acute phase after reperfusion, along with 

Fig. 5  The effects of adropin on eNOSlevels in serum samples of all 
groups. eNOS levels were significantly lower in the ischemia-reperfusion 
(IR) group compared to the control group (P < 0.0001). Following treat-
ment, both the TR1 (P = 0.0083) and TR3 (P = 0.0318) groups exhibited sig-
nificantly increased eNOS levels compared to the IR group

 

Fig. 4  The levels of recombinant adropin administration against ischemia reperfusion injury in all groups (Adropin levels were significantly lower in rats 
with ischemia-reperfusion (IR) compared to the control group (P < 0.0001). Notably, following treatment, adropin levels increased in a dose-dependent 
manner. The specific differences between the treatment groups are detailed in the accompanying table)
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Fig. 7  Caspase-3 immunoreactivity in rat kidney tissue of all groups is demonstrated with red arrow. (Caspase-3 immunoreactivity was similar in TR1 
and TR2 groups in which different doses of adropin were given compared to the control group. however, caspase-3 immunoreactivity was increased in 
the IR group compared to the control, TR1, TR2 groups. however, caspase-3 immunoreactivity was increased in the increasing adropin dose groups (TR3, 
TR4 groups) given with reperfusion after ischemic injury compared to the IR group. Control (a), IR (b), TR1 (c), TR2 (d), TR3 (e), and TR4 (f) AEC chromogen, 
Mayers Hematoxylin scala bar: 50 μm)

 

Fig. 6  In ischemia reperfusion injury, the effects of different doses of adropin administration on histopathological changes in rat kidney tissue in the 
experimental groups are observed; Accordingly histopathological examination revealed that the control group exhibited normal histological appearance 
(a) In contrast, the IR group demonstrated marked glomerular atrophy and tubular dilatation compared to the control group (b) A significant reduction 
in tubular dilatation and glomerular atrophy was observed in the TR1 (c), TR2 (d), and TR3 (e) groups relative to the IR group. However, the TR4 (f) group 
exhibited higher levels of damage compared to the IR group. (Hematoxylin eosin staining, Scala bar 50 μm)
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alterations in other antioxidant processes, contributes to 
tissue damage [22]. Previous IR studies have shown that 
MDA levels increase in blood and tissues while superox-
ide dismutase (SOD) and glutathione peroxidase (GSH-
Px) levels decrease, a finding supported by our study 
[23–25]. Notably, administration of 0.5 and 1  mg/kg of 
adropin resulted in increased SOD and GSH-Px enzyme 
activity and decreased MDA levels. However, contrary to 
expectations, no effects were observed in the groups that 
received 1.5 and 2 mg/kg of adropin.

eNOS is one of the vasoactive isoenzymes responsible 
for the production of nitric oxide [26]. It is expressed in 
endothelial cells and plays a crucial role in regulating 
blood flow, particularly in conditions that disrupt nor-
mal blood flow [27]. Several studies on ischemia-reperfu-
sion (IR) injury have highlighted the beneficial effects of 
eNOS [28, 29], while the deleterious effects of inducible 
nitric oxide synthase (iNOS), another isoform of nitric 
oxide synthase, have also been reported [30, 31]. Nota-
bly, adropin positively influences endothelial function 
and enhances eNOS activity [32]; however, it also affects 
iNOS expression [33], In our study, a significant increase 
in eNOS levels was observed in the groups administered 
adropin, excluding the 2 mg/kg group, compared to the 
IR group.

During the ischemia-reperfusion process, various vas-
cular lesions, including endothelial damage, congestion, 
and edema, occur alongside cascade reactions such as 
inflammatory cell infiltration, degeneration, necrosis, 
and fibrosis in the kidneys [5, 34]. A study examining IR-
related kidney damage noted findings such as desquama-
tion, tubular dilation, and hydropic changes in the tubular 
epithelium [35]. Our study observed similar pathological 
changes but also reported a significant improvement in 

renal morphology in the adropin-treated groups (except 
for the 2 mg/kg group) compared to the IR group.

Upregulation of caspase-3, a key effector of apoptosis, 
has been documented in renal tubular and microvascu-
lar endothelial cells during the early stages of IR-induced 
kidney injury [36, 37]. Additionally, caspase-3 deficiency 
has been shown to exacerbate necroptosis and increase 
susceptibility to tubular injury during the initial phase 
of IR-induced kidney damage [38]. Notably, studies have 
indicated that inhibiting caspase-related apoptotic path-
ways can enhance organ survival [39, 40]. In our find-
ings, the application of low doses of adropin exhibited 
a protective effect, while higher doses correlated with 
increased cell death. This suggests that adropin may con-
fer benefits in acute kidney injuries in a dose-dependent 
manner.

There are several potential limitations on this study. 
Although a range of doses were investigated for adropin 
in the study, the higher doses of 1.5  mg/kg and 2  mg/
kg showed no added benefit. Further mechanistic stud-
ies to investigate why higher doses of adropin may lead 
to detrimental effects could help optimize dosing strate-
gies for kidney.In addition to, further exploration of the 
pharmacokinetics and pharmacodynamics of adropin 
is warranted. Although the apoptotic marker caspase 3, 
eNOS and markers of oxidative stress were investigated, 
other potential signaling pathways or molecular mecha-
nisms through which adropin exerts its effects-such as 
autophagy, inflammasome activation, or other nitric 
oxide-related pathways-were not deeply explored. While 
histological examination gives insight into renal dam-
age, functional assessment, such as serum creatinine 
levels and glomerular filtration rate, would complement 
the findings and give a clearer picture of the recovery of 
kidney function after treatment with adropin. Finally, 
it would be fruitful to consider future research direc-
tions, such as the effects of adropin in specific models 
of chronic kidney disease or in conjunction with other 
drugs.

Conclusion
This study revealed that adropin reduces renal IR dam-
age in a dose-dependent manner by preserving the renal 
histology, regulating eNOS activity and maintaining the 
oxidant/antioxidant balance. We believe that adropin 
is worth investigating, particularly for aortic aneurysm 
surgeries involving the renal artery (those with suprare-
nal aortic clamps). Therefore, ascertaining the protective 
effects of adropin will provide surgeons with an insight 
into safer clamp times.

Abbreviations
IR	� Ischemia-reperfusion
MDA	� Malondialdehyde
SOD	� Superoxide Dismutase

Fig. 8  Histoscoring of Apoptotic Immunoreactivity. Apoptotic immuno-
reactivity levels in the TR1 (p = 0.0131), TR2 (p = 0.0198), and Control groups 
(p = 0.0198) were significantly lower than those in the IR group (p = 0.0392)
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