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Abstract: The study aims to determine the protective effects of
sevoflurane and desflurane on the kidneys in lower limb ischemia-
reperfusion injury (IRI) streptozotocin-induced diabetic rats. Thirty
Wistar rats were randomly divided into equal five groups. The
control (group C), diabetes-control (group DC), Diabetes-1/R (group
DIR), Diabetes-I/R-sevoflurane (group DIRS), Diabetes-I/R-
desflurane (group DIRD). 55 mg/kg Streptozotocin was
administered intraperitoneally to diabetic groups as a single dose.
72nd hours were considered diabetic blood glucose 250 mg/dl or
above, and at the end of 4 weeks, all groups underwent laparotomy.
In groups C and DC, there was no further action. In the group, DIR
was performed 2 hours in the infrarenal abdominal aorta in order
clamped be put and remove. Sevoflurane and desflurane were
administered so that the minimum alveolar concentration was one
during the ischemia and reperfusion periods. At the end of the
reperfusion period, kidney tissues were taken for biochemical and
histopathological examinations. In the DIR group, Nitric oxide
synthases (NOS) enzyme activity was observed significantly higher
than C and DC groups. In DIRS and DIRD groups, it was
significantly lower than DIR. TBARS level is significantly higher in
all groups compared to group C. In the DIR group, the TBARS level
was significantly higher than in the DC group. In DIRS and DIRD
groups, it was significantly lower than DIR. DIR group Superoxide
dismutase (SOD) enzyme activity was observed significantly higher
than C and DC groups. In DIRS and DIRD groups, it was
significantly lower than DIR. These results demonstrate that
sevoflurane and desflurane have protective effects on the kidneys in
lower limb IRI on streptozotocin-induced diabetic rats. © 2021
NTMS.
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1. Introduction

Nowadays, ischemia-reperfusion injury (IRI) is
occurred routinely with different methods such as
vascular clamps or tourniquet applications to provide
bleeding control in many surgeries from major vascular
surgeries such as aortic dissection (1) to extremity
surgery (2). Besides, IRl occurs in many clinical
conditions such as myocardial and cerebrovascular
infarctions, thrombolytic therapy, cardiopulmonary
resuscitation, and hemorrhagic shock.
Ischemia-reperfusion injury is a paradox with cellular
dysfunction and death following blood flow restoration
to ischemic tissues (3). Restoring blood flow is
essential for the recovery of tissues from ischemia.
Following reperfusion, do not return to standard terms.
Instead, it also increases damage by activating various
immune system responses and cell death programs (4).
It can lead to multi-system organ failure by causing
systemic damage to the ischemic organ itself and
distant organs such as the kidney (5).

Diabetes mellitus (DM) is a metabolic disease with
high levels of blood glucose. Nephropathy and
vasculopathy are common in the long period of the
disease. It is also an independent risk factor among the
causes of acute kidney injury (AKI) (6). It was
increased in diabetic patients undergoing surgery (7),
with sepsis/septic shock (8), and even without
precipitating events (9). It has also been clearly shown
to aggravate IRI-induced kidney damage (10).
Reno-protective effects of various agents such as xenon
(11), statin (12), lithium (13) in IRl have been
investigated. Although anesthetic agents such as
dexmedetomidine (14) and isoflurane (15) have been
studied, there is no standardized anesthesia protocol.
This study aimed to investigate the renoprotective
effects of desflurane and sevoflurane in lower limb IRI
on diabetic rats.

2. Material and Methods

This study was performed after the Experimental
Animals Ethical Committee approve of Gazi
University, dated 27.11.2013, and code number "G.U.
ET-13.074".

The research was done in Gazi University
Experimental and Clinical Research Center (GUDAM).
For this research, in the range of 250 and 350 g, 30
Wistar albino rats were used, which are raised under the
same environmental provisions. The rats were exposed
to cycles of 12h daylight and 12h darkness and reached
food until 2h before anesthesia was given. Six healthy
rats were a control group (C). The other rats were split
as diabetic control (DC), diabetic ischemia-reperfusion
(DIR), diabetic ischemia-reperfusion, and sevoflurane
(DIRS), diabetic ischemia-reperfusion, and desflurane
(DIRD) into four groups randomly. Streptozotocin
(STZ) was used for treatment and prepared just before
the treatment. After three days of applying STZ, the
glucose levels were evaluated, and the rats were

classified as diabetic, which glucose (FBG) levels are
over 250mg/dl. Before applying sevoflurane and
desflurane, the rats were observed for four weeks to
have chronic diabetes after the STZ injection (16). The
vaporizers were adjusted to be desflurane 6% and
sevoflurane 2% for the target minimum alveolar
concentration (MAC) 1. The anesthesia protocol was
administered in a wide transparent plastic box. The box
was integrated into a semi-open anesthesia device with
static hoses. Anesthetics were driven into the box with
100% oxygen flow of 6 It/min for 4 hours. The control
group (C), the Diabetic control group, and the DIR
group had no administration. After shaving the
abdomen, all rats were positioned supine on the
operating table. A median laparotomy was applied after
cleaning the abdomen region with 1% polyvinylidene
and covered with a drape. The infrarenal aorta blood
flow stopped with an atraumatic clamp for two hours.
Afterward, the clamp was removed, and blood flow was
maintained for 2 hours. Inhalation anesthesia was
maintained during the ischemia and perfusion periods.
After the reperfusion period, histopathological and
biochemical assessment of kidney specimens were
completed.

2.1. Histopathological Evaluation

Histopathological assessment was studied in the
Department of Histology at Kirikkale University. After
the fixation process, specimens were prepared with
paraffin blocks. Tissue sections of 5 pu were stained via
hematoxylin and eosin (H&E). As defined by Bostan et
al. (17), the histopathological assessment and scoring
were performed under light microscopy. Tubular cell
spillage (TCS), tubular dilatation (TD), lymphocyte
infiltration (LI), Bowman space dilatation (BSD),
tubular cell degeneration and necrosis (TCDN), tubular
hyaline cylinder (THC), vascular vacuolization and
hypertrophy (VVH), and Glomerular
vacuolization(GV) were classified via a scoring
system: 0: no change; +1: minimal; +2: medium; +3:
severe change.

2.2. Biochemical Evaluation

The biochemical examination was conducted in the
Department of Medical Biochemistry at Gazi
University. The level of malondialdehyde (MDA), an
indicator of lipid peroxidation and oxidative stress in
kidney tissue, was evaluated by measuring the
Thiobarbituric acid reactive substance (TBARS) level.
Besides, Nitric oxide synthase (NOS), Glutathione
transferase (GST), Catalase (CAT), and Superoxide
Dismutase (SOD) enzyme activities measurements
were performed. NOS, GST, CAT, and SOD assays
were administered as defined by Aebi, Habig, and
Durak (18-20). NBTH. occurs with the reduction of
NBT. The amount of enzyme that caused 50%
inhibition of NBTH2 absorbance at 560 nm was
defined as SOD activity. The decrease in absorbance at
240 nm due to the consumption of H202 forms the
basis
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of the CAT activity method. The GST activity is
assessed by measuring the GSH-CDNB complex at 340
nm. Sulfanilic acid is diazotized with nitric oxide at
acid pH and binds to N-(1-naphthyl-ethylene diamine).
The empty tube absorbance at 540 nm is compared with
the sample tube's absorbance, thereby measuring the
NOS activity. The TBARS examination was performed
via the thiobarbituric acid (TBA) method to establish
lipid peroxidation (21). TBARS determine carried out
based on the TBA-MDA reaction, which constitutes a
pink pigment with maximum absorption at 532 nm in
acid pH. The 1,1,3,3-tetra ethoxy propane was defined
as a standard MDA solution. TBARS levels and
enzyme activities were monitored using a Shimadzu
UV-1601 spectrophotometer based on endpoint change
in absorbance at 25 °C. Results were announced U/mg
protein and mlU/mg protein for SOD and GST,
respectively. NOS and CAT results were expressed
IU/mg protein. Results of TBARS levels were as
nmol/mg protein.

2.3. Statistical analysis

We performed the statistical analysis with the SPSS
20.0 (IBM, Armonk, New York, USA) packet program.
P values less than 0.05 were considered statistically
significant. Data were presented as Mean+Standard
Error Mean. Kruskal-Wallis variance analysis was
used for the evaluation of data. The Mann-Whitney U
test with Bonferroni correction was used in the analysis
of significant variables.

3. Results

3.1. Histopathological Findings

In histopathological examination showed a significant
difference in GV level between all study groups
(p=0.022). GV was more common in DIR groups
compared to the control group (p=0.001). The decrease
in GV in the DIRD group was significant compared to
the DIR group (p=0.023) (Table 1, Figure 1-5).

The TD difference between the groups was significant
(p=0.007). The increase in TD was significant in the
DIR group compared to the control group and the DC
group (p<0.0001, p=0.034, respectively) (Table 1,
Figure 1-5).
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Figure 1: Control group kidney tissue (Pt: Proximal tubule, Dt: Distal
tubule, g: glomerule, arrow: dilated tubule, v: vacuole) (H&EX10).
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Figure 1 Control group kidney tissue (Pt: Proximal tubule,
Dt: Distal tubule, g: glomerule, arrow: dilated tubule, v: vacuole)
(H&EX10).
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Figure 2: Diabetes ischemia reperfusion group kidney tissue (Pt:
Proximal tubule, Dt: Distal tubule, v: vacuole, Li: Lymphocyte
infiltration, g: glomerule, *: degenerate glomerule, arrow: dilated
tubule, vk: vascular congestion) (H&EX10).

e el
Figure 4: Diabet
tissue (Pt: Proximal tubule, Dt: Distal tubule, g: glomerule, v:
vacuole, arrow: dilated tubule, *: degenerate glomerule, vk: vascular
congestion) (H&EX10).
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BRI .
Figue 5: Diabetes iAslclhemia eperfuéion desflurane groupkidny
tissue (Pt: Proximal tubule, Dt: Distal tubule, g: glomerule, v:
vacuole, arrow: dilated tubule, *: degenerate glomerule, vk: vascular
congestion) (H&EX10).

There was a significant difference in the VVVH level
between the groups (p<0.021). VVH was more
common in the DC and DIR groups than the control
group (p=0.030, p=0.008, respectively). Besides, it was
significantly lower in the DIRD group than in the DIR
group (p=0.008) (Table 1, Figure 1-5).

THC was found to be significantly different between
groups (p=0.013). THC was more common in the DIR
group than the control and DC groups (p=0.001,
p=0.006, respectively). Besides, it was found that the
DIRS and DIRD groups were significantly lower than
the DIR group (p=0.025, p=0.006, respectively)
(Tablel, Figure 1-5).

The LI difference was significant between the groups
(p=0.046). It was more common in the DIR group than
in the control group (p=0.008). It was also significantly
lower in the DIRS group than in the DIR group
(p=0.008). There was a significant difference in LI
between the groups (p=0.046). LI was more common in
the DIR group than in the control group (p=0.008). It
was also significantly lower in the DIRS group than in
the DIR group (p=0.008) (Table 1, Figure 1-5).
THDN, BSD and THD were similar between groups
(p=0.108, p=0.113, p=0.097, respectively), (Table 1,
Figure 1-5).

3.2. Biochemical Findings

In the biochemical examination, when the groups were
compared in terms of serum GST enzyme activity, there
was significant (p<0.0001). GST enzyme activity was
significantly higher in DC, DIR, DIRS, and DIRD
groups than in the C group (p<0.0001, all). Similarly, it
was significantly higher in DIR groups than in the DC
group (p<0.0001, p=0.001, p=0.006, respectively).
Also, it was found to be significantly lower in the DIRS
and DIRD groups compared to the DIR group
(p=0.030, p=0.0086, respectively) (Table 2).

There was a significant difference in serum CAT
enzyme activity between the groups (p=0.003). CAT
enzyme activity was significantly higher in the DIR
group than the C and DC groups (p<0.0001, p=0.024,
respectively). It was also found to be significantly

lower in the DIRS and DIRD groups compared to the
DIR group (p=0.003, p=0.006, respectively) (Table 2).
When the groups were compared with each other in
terms of serum NOS enzyme activity, there was a
significant difference between them (p=0.043). NOS
enzyme activity was significantly higher in the DIR
group than the C and DC groups (p=0.006, p=0.021,
respectively). Besides, it was found to be significantly
lower in the DIRS and DIRD groups compared to the
DIR group (p=0.027, p=0.017, respectively) (Table-2).
There was a significant difference in serum TBARS
level between the groups (p<0.0001). TBARS level
was significantly higher in all groups than in group C
(p=0.002, p<0.0001, p=0.009, p=0.042, respectively).
Similarly, it was significantly higher in the DIR group
than the DC group (p=0.004). Also, it was found to be
significantly lower in the DIRS and DIRD groups
compared to the DIR group (p<0.0001, p=0.001,
respectively) (Table 2).

When compared in terms of SOD enzyme activity,
there was a significant difference between the groups
(p<0.0001). SOD enzyme activity was significantly
higher in the DIR group than the C and DC groups
(p<0.001, p=0.003, respectively). Besides, it was found
to be significantly lower in the DIRS and DIRD group
compared to the DIR group (p<0.0001, p<0.0001,
respectively) (Table 2).

4. Discussion

Ischemia/reperfusion injury can describe as restriction
of blood flow to a tissue followed by restoration of
blood supply and re-oxygenation. The fatal damages
can occur during organ transplantation, sepsis, and
infarctions. Under these conditions, tissue injury
increases via inflammation cascade elements such as
over leukocytes activation, cytokines, and reactive
oxygen species (22, 23). IRI's effects on the kidney can
be explained by AKI, which can result in rapidly
progressive dysfunction and result in mortality (24, 25).
It has been reported that more than 10 million patients
develop AKI each year, and nearly 2 million of them
die (26).

There is a direct relationship between the severity of
IRl and the levels of antioxidant defense system
elements such as SOD, CAT, GST, MDA, and NOS.
Oxidoreductases constitute the most important free
radical scavenging systems exemplified by CAT, SOD,
and Glutathione peroxidase (GSH-Px) and play a cell-
protective role beyond antioxidant function (27). High
blood levels of CAT show antioxidant activity (28).
High GST activity is considered a marker for the
elimination of metabolites associated with peroxidation
(29). Malondialdehyde is a stable product created by
the peroxidation of polyunsaturated fatty acids. It
shows the peroxidation of the cell wall. The tissue and
plasma MDA levels are well-known indicators of
systemic response and oxidative stress after the IRI
(30). An idea about the degree of membrane damage
can be obtained by measuring the MDA level (31).
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Table 1: Histopathological findings of kidney tissue (Mean+SEM).

Group C Group DC Group DIR Group DIRS Group DIRD
(n=6) (n=6) (n=6) (n=6) (n=6) p**
Glomerular vacuolization
(GV) 0,33+0,21 0,83+0,17 1,33+£0,21* 0,83+0,17 0,67+0,21% 0,022
Tubular dilatation (TD) 0,33+0,21 1,00+0,00 1,83£0,31*?  0,83+0,31% 0,67+0,33% 0,007
Vascular vacuolization and
hypertrophy (VVH) 0,33+0,21 1,00£0,00%  1,17+0,17*  0,83+0,31 0,50+0,21% 0,021
ypertrophy
Tubular cell degeneration and
is (TCDN) 0,33+0,21 0,67+0,21 1,00+0,00 0,50+0,22 0,33+0,21 0,108
necrosis
Bowman space dilatation
(BSD) 0,00£0,00 0,330,221 0,67+0,21 0,17+0,17 0,50+0,21 0,113
Tubular hyalin cylinders
(THO) 0,17+0,17 0,33+0,21 1,17£0,17%7  0,50+0,22% 0,33+0,21% 0,013
Lymphocyte infiltration (LI) 0,33+0,21 0,67+0,21 1,17+0,17* 0,67+0,21 0,33£0,21% 0,046
Tubular cell spill (TCS) 0,50+0,22 1,00+0,00 1,00+0,00 0,67+0,21 0,50+0,23 0,097
Table 2: Oxidant state parameters (Mean+SEM).
Group C Group DC Group DIR Group DIRS Group DIRD o
P
(n=6) (n=6) (n=6) (n=6) (n=6)
GST . 1,29+0,11 10,09+0,71* 12,5542,34* 8,24+0,53* & 6,96+1,42* & <0,0001
(mlU/mg.protein)
CAT . 5439,40+1436,19  11661,60+1368,07  19054,83+3311,60*,2  9253,50+1301,51 & 10120,33+2068,71 & 0,003
(IU/mg.protein)
('\IILCJ);Smg protein) 89,82+34,53 162,72+31,54 408,90+129,07*,? 172,75+55,00& 152,22+50,67& 0,043
TBARS
- 11,15+1,91 23,61+2,71* 34,7243,05*,2 21,61+2,89*% & 19,04+0,98*, & <0,0001
(nmol/mg.protein)
SOD 78,85+27,34 209,60+28,03 493,78+122,96*,2 111,75+11,50& 145,70+37,98& <0,0001

(U/mg protein)

Malondialdehyde is measured as TBARS. Although
MDA is not specific, it correlates well with the degree
of lipid peroxidation. Several studies have been
published showing the beneficial effects of different
agents on the kidney in IRI. Ascorbic acid acts via free
radical scavenging systems and shows antioxidant
activities (32), and iloprost inhibits lipid peroxidation
(33). Leptin increases nitrite and decreasing tumor
necrosis factor-alpha (TNF-a) levels (34). The
antioxidant effect of levosimendan is owing to the NO-
related mechanisms (35). Doxycycline decreases the
level of proinflammatory cytokines (36).

Volatile anesthetics, one of the main components of
general anesthesia, also have significant effects, such as

p**: Kruskal-Wallis test - Significance level p<0.05, *p<0.05: Compared to group C; ¥p<0.05: Compared to group DIR; ’p<0.05: Compared to
group DC.

immune system modulation (37-39). It is thought that
trifluoro carbon in molecular structures is responsible
for the immune-modulatory effect, and lipid solubility
is related to renal protection (40). They have a
protective effect in renal tubules through
externalization of membrane phosphatidylserine and
the release of transforming growth factor (TGF)-B1 in
the proximal renal tubule (41).

In experimental studies published in recent years,
desflurane preconditioning has been shown to protect
the kidney against IRI by regulating the pathway of
Nrf2-Keapl-ARE signal, inhibiting oxidative stress,
and inflammation (42)]. Sevoflurane has been reported
to exert a protective effect against kidney damage by
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reducing the expression of TNF-a and NF-kB in renal
IRI (43). It demonstrated that upregulation of HIF-2a
through sevoflurane pretreatment could improve the
renal dysfunction caused by IRI (44).

A randomized clinical study performed on renal
transplantation showed that renal protective effects of
sevoflurane and desflurane were demonstrated by
similar preoperative and postoperative  serum
creatinine, Interleukin (IL)-2, and TNF-a levels (45).
In our study, SOD, CAT, GST, NOS enzyme activities,
and TBARS levels as IRl biochemical markers
significantly increased in diabetic rats compared to the
control group. SOD, CAT, and GST enzyme activities
and TBARS levels were lower in the sevoflurane and
desflurane groups than the DIR group without
medication.

As histopathological markers, VVH, GV, THC, LI,
BSD, TD, and THDN levels were significantly
increased in the DIR group. On the other hand, these
parameters were significantly decreased in the
desflurane group compared to the sevoflurane group,
while the BSD was significantly increased in the
desflurane group. All these data were interpreted as that
sevoflurane and desflurane reduced the effects of lower
extremity IRI on the kidney, created by clamping the
abdominal aorta.

5. Conclusions

These biochemical and histopathological findings
indicate partial renoprotective effects of sevoflurane
and desflurane at the second hour of reperfusion. More
clinical and experimental studies are needed to prevent
and treat IRI-induced AKI effectively.

Conflict of Interests

The authors declare that there is no conflict of interest.
Financial Support

None

Author Contributions

Aydin ME and Arslan M contributed to the conception
and design of the study. Sezen CS contributed to the
collection of the data and statistical analysis and
evaluation of the results. Bayraktar AC contributed to
the creating and writing of the manuscript. Erbatur ME
and Kavutcu M contributed to revising the work and
final approval of the version.

References

1. Wei H, Dong TL, Yang XH. [Effect of
penehyclidine  hydrochloride  injection  on
pulmonary ischemia-reperfusion in  aortic

dissection surgery]. Zhonghua Yi Xue Za Zhi 2018;
98: 777-780

2. Budic I, Pavlovic D, Kitic D et al. Tourniquet-
induced ischemia-reperfusion injuries during
extremity surgery at children's age: impact of
anesthetic chemical structure. Redox Rep 2013; 18:
20-26.

10.

11.

12.

13.

14.

15.

Cowled P, Fitridge R. Pathophysiology of
Reperfusion Injury. In Fitridge R, Thompson M
(editors): Mechanisms of Vascular Disease: A
Reference Book for Vascular Specialists. Adelaide
(AU): University of Adelaide Press © The
Contributors 2011; 2011.

Yellon DM, Hausenloy DJ. Myocardial
reperfusion injury. N Engl J Med 2007; 357: 1121-
1135.

Nishida K, Watanabe H, Miyahisa M et al.
Systemic and sustained thioredoxin analogue
prevents acute kidney injury and its-associated
distant organ damage in renal ischemia reperfusion
injury mice. Sci Rep 2020; 10: 20635.

Saran R, Robinson B, Abbott KC et al. US Renal
Data System 2016 Annual Data Report:
Epidemiology of Kidney Disease in the United
States. Am J Kidney Dis 2017; 69: A7-a8.
Hertzberg D, Sartipy U, Holzmann MJ. Type 1 and
type 2 diabetes mellitus and risk of acute kidney
injury after coronary artery bypass grafting. Am
Heart J 2015; 170: 895-902.

Venot M, Weis L, Clec’h C et al. Acute Kidney
Injury in Severe Sepsis and Septic Shock in
Patients with and without Diabetes Mellitus: A
Multicenter Study. PLoS One 2015; 10:e0127411.
Girman CJ, Kou TD, Brodovicz K et al. Risk of
acute renal failure in patients with Type 2 diabetes
mellitus. Diabet Med 2012; 29: 614-621.

Gong DJ, Wang L, Yang YY, Zhang JJ, Liu XH.
Diabetes  aggravates renal ischemia and
reperfusion injury in rats by exacerbating oxidative
stress, inflammation, and apoptosis. Ren Fail
2019; 41: 750-761.

Zhao H, Watts HR, Chong M et al. Xenon
treatment protects against cold ischemia associated
delayed graft function and prolongs graft survival
in rats. Am J Transplant 2013; 13: 2006-2018.
Tuuminen R, Nykéinen AI, Saharinen P et al.
Donor simvastatin treatment prevents ischemia-
reperfusion and acute kidney injury by preserving
microvascular barrier function. Am J Transplant
2013; 13: 2019-2034.

Talab SS, Emami H, EImi A et al. Chronic lithium
treatment protects the rat kidney against
ischemia/reperfusion injury: the role of nitric oxide
and cyclooxygenase pathways. Eur J Pharmacol
2010; 647: 171-177.

Erbatur ME, Sezen S C, Bayraktar AC, Arslan M,
Kavutcu M, Aydin ME. Effects of
dexmedetomidine on renal tissue after lower limb
ischemia reperfusion injury in streptozotocin
induced diabetic rats. Libyan J Med 2017; 12:
1270021.

Kim M, Ham A, Kim JY, Brown KM, D'Agati VD,
Lee HT. The volatile anesthetic isoflurane induces
ecto-5'-nucleotidase (CD73) to protect against
renal ischemia and reperfusion injury. Kidney Int
2013; 84: 90-103.



Aydin ME. et al.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Arslan M, Comu FM, Isik B, Ozturk L, Kesimci E.
Effect of dexmedetomidine on erythrocyte
deformability during ischemia-reperfusion injury
of liver in diabetic rats. Bratisl Lek Listy 2012; 113:
687-691.

Bostan H, Kalkan Y, Tomak Y et al. Reversal of
rocuronium-induced neuromuscular block with
sugammadex and resulting histopathological
effects in rat kidneys. Ren Fail 2011; 33:1019-
1024.

Durak I, Canbolat O, Kavut¢u M, Oztiirk HS,
Yurtarslani Z. Activities of total, cytoplasmic, and
mitochondrial superoxide dismutase enzymes in
sera and pleural fluids from patients with lung
cancer. J Clin Lab Anal 1996; 10: 17-20.

Aebi H. Catalase Estimation. In Bergmeyer H
(editor): Methods of Enzymatic Analysis:
Academic Press; 1974, pp. 673-677.

Durak I, Kavutcu M, Kagmaz M et al. Effects of
isoflurane on nitric oxide metabolism and oxidant
status of guinea pig myocardium. Acta
Anaesthesiol Scand 2001; 45: 119-122.

Van Ye TM, Roza AM, Pieper GM, Henderson J,
Jr., Johnson CP, Adams MB. Inhibition of
intestinal lipid peroxidation does not minimize
morphologic damage. J Surg Res 1993; 55:; 553-
558.

Jang HR, Rabb H. The innate immune response in
ischemic acute kidney injury. Clin Immunol 2009;
130: 41-50.

Sharfuddin AA, Molitoris BA. Pathophysiology of
ischemic acute Kidney injury. Nat Rev Nephrol
2011; 7: 189-200.

Kellum JA, Unruh ML, Murugan R. Acute kidney
injury. BMJ Clin Evid 2011; 2011.

Hoste EA, Clermont G, Kersten A et al. RIFLE
criteria for acute kidney injury are associated with
hospital mortality in critically ill patients: a cohort
analysis. Crit Care 2006; 10: R73.

Mehta RL, Cerda J, Burdmann EA et al.
International Society of Nephrology's 0by25
initiative for acute kidney injury (zero preventable
deaths by 2025): a human rights case for
nephrology. Lancet 2015; 385: 2616-2643.

Yang JC, Lin MW, Rau CS et al. Altered exosomal
protein expression in the serum of NF-xB
knockout mice following skeletal muscle
ischemia-reperfusion injury. J Biomed Sci 2015;
22: 40.

Basel H, Kavak S, Demir H, Meral I, EKim H,
Bektas H. Effect of levosimendan injection on
oxidative stress of rat myocardium. Toxicol Ind
Health 2013; 29: 435-440.

Vazquez-Medina JP, Zenteno-Savin T, Elsner R.
Antioxidant enzymes in ringed seal tissues:
potential protection against dive-associated
ischemia/reperfusion. Comp Biochem Physiol C
Toxicol Pharmacol 2006; 142: 198-204.

Baltalarli A, Ozcan V, Bir F et al. Ascorbic acid
(vitamin C) and iloprost attenuate the lung injury

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

81

caused by ischemia/reperfusion of the lower
extremities of rats. Ann Vasc Surg 2006; 20:49-55.
Kingston R, Kelly CJ, Murray P. The therapeutic
role of taurine in ischaemia-reperfusion injury.
Curr Pharm Des 2004; 10: 2401-2410.

Korkmaz A, Kolankaya D. The protective effects
of ascorbic acid against renal ischemia-reperfusion
injury in male rats. Ren Fail 2009; 31: 36-43.
Désliioglu HH, Aktan AO, Yegen C et al. The
cytoprotective effects of verapamil and iloprost
(ZK 36374) on ischemia/reperfusion injury of
kidneys. Transpl Int 1993; 6: 138-142.

Erkasap S, Erkasap N, Koken T et al. Effect of
leptin on renal ischemia-reperfusion damage in
rats. J Physiol Biochem 2004; 60: 79-84.

Grossini E, Molinari C, Pollesello P et al.
Levosimendan  protection  against  Kidney
ischemia/reperfusion injuries in anesthetized pigs.
J Pharmacol Exp Ther 2012; 342: 376-388.
Kucuk A, Kabadere S, Tosun M et al. Protective
effects of doxycycline in ischemia/reperfusion
injury on Kkidney. J Physiol Biochem 2009; 65:
183-191.

Lee HT, Ota-Setlik A, Fu Y, Nasr SH, Emala CW.
Differential protective effects of volatile
anesthetics against renal ischemia-reperfusion
injury in vivo. Anesthesiology 2004; 101: 1313-
1324,

Kim M, Kim M, Kim N, D'Agati VD, Emala CW,
Sr., Lee HT. Isoflurane mediates protection from
renal ischemia-reperfusion injury via sphingosine
kinase and sphingosine-1-phosphate-dependent
pathways. Am J Physiol Renal Physiol 2007; 293:
F1827-1835.

Lee HT, Kim M, Jan M, Emala CW. Anti-
inflammatory and antinecrotic effects of the
volatile anesthetic sevoflurane in kidney proximal
tubule cells. Am J Physiol Renal Physiol 2006;
291: F67-78.

Urner M, Limbach LK, Herrmann IK et al.
Fluorinated groups mediate the
immunomodulatory effects of volatile anesthetics
in acute cell injury. Am J Respir Cell Mol Biol
2011; 45: 617-624.

Lee HT, Kim M, Kim J, Kim N, Emala CW. TGF-
betal release by volatile anesthetics mediates
protection against renal proximal tubule cell
necrosis. Am J Nephrol 2007; 27: 416-424.

Zheng Y, Lu H, Huang H. Desflurane
Preconditioning Protects Against Renal Ischemia-
Reperfusion Injury and Inhibits Inflammation and
Oxidative Stress in Rats Through Regulating
the Nrf2-Keapl-ARE Signaling Pathway. Drug
Des Devel Ther 2020; 14: 1351-1362.

Zhang Y, Hu F, Wen J et al. Effects of sevoflurane
on NF-xB and TNF-a expression in renal
ischemia-reperfusion diabetic rats. Inflamm Res
2017; 66: 901-910.

Zheng B, Zhan Q, Chen J, Xu H, He Z
Sevoflurane  pretreatment enhance HIF-2a



82 The Renoprotective Effects of Desflurane and Sevoflurane

expression in mice after renal ischemia/reperfusion  Authors’ ORCID

injury. Int J Clin Exp Pathol 2015; 8: 13114- Muhammed Enes Aydin

13119. http://orcid.org/0000-0001-8491-6566

45, Savran Karadeniz M, Senturk Ciftci H, Tefik T et Saban Cem Sezen

al. Effects of Different Volatile Anesthetics on  https://orcid.org/0000-0003-3996-7692

Cytokine and Chemokine Production After  Aslihan Cavunt Bayraktar

Ischemia-Reperfusion Injury  in Patients  https://orcid.org/0000-0001-9966-5122

Undergoing Living-Donor Kidney Transplant. Exp ~ Mustafa Arslan

Clin Transplant 2019; 17: 68-74. https://orcid.org/0000-0003-4882-5063
Meral Erdal Erbatur
https://orcid.org/0000-0001-8970-3359
Mustafa Kavutcu
https://orcid.org/0000-0002-5135-8067

NT\VA E. e
https://dergipark.org.tr/tr/pub/ntms
All Rights Reserved. ©2021 NTMS



https://dergipark.org.tr/tr/pub/ntms

