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Abstract

Globally, cardiac arrest (CA) is a leading cause of death and disability. Asphyxial CA (ACA)-induced kidney damage is a crucial
factor in reducing the survival rate. The purpose of this study was to investigate the role of antioxidant enzymes in
histopathological renal damage in an ACA rat model at different time points. A total of 88 rats were divided into five groups and
exposed to ACA except for the sham group. To evaluate glomerular function and oxidative stress, serum levels of blood urea
nitrogen (BUN) and creatinine (Crtn) and malondialdehyde (MDA) levels in renal tissues were measured. To determine
histopathological damage, hematoxylin and eosin staining, periodic acid-Schiff staining, and Masson’s trichrome staining were
performed. Expression levels of antioxidant enzymes including superoxide dismutase-1 (SOD-1), superoxide dismutase-2
(SOD-2), catalase (CAT), and glutathione peroxidase (GPx) were measured by immunohistochemistry (IHC). Survival rate of
the experimental rats was reduced to 80% at 6 h, 55% at 12 h, 42.9% at 1 day, and 33% at 2 days after return of spontaneous
circulation. Levels of BUN, Crtn, and MDA started to increase significantly in the early period of CA induction. Renal
histopathological damage increased markedly from 6 h until two days post-CA. Additionally, expression levels of antioxidant
enzymes were significantly decreased at 6 h, 12 h, 1 day, and 2 days after CA. CA-induced oxidative stress and decreased
levels of antioxidant enzymes (SOD-1, SOD-2, CAT, GPx) from 6 h to two days could be possible mediators of severe renal
tissue damage and increased mortality rate.
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Introduction

Ischemia and reperfusion (I/R)-mediated damage has
been identified as one of the major causes of debilitating
disease and death in several pathological conditions,
including myocardial infarction, ischemic stroke, and
cardiac arrest (CA) (1). An ischemic environment caused
by an interruption in the blood flow induces tissue injury
initially with subsequent damage prompted by reperfusion
(2). /R injury is a multifocal process involving numerous
cell types and signaling pathways (3). Among them,

oxidative stress-mediated injury after I/R has been well
established (1). Since I/R is an enormously complex
process, its pathophysiology is not yet fully understood.
After cardiac arrest, the mortality rate increases in
those patients who immediately achieve the return of
spontaneous circulation (ROSC), which seems to be a
possible trigger that involves multiple organs. Although
sustained ischemic conditions in the whole body primarily
mediate global tissue and organ injury, further damage
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Antioxidant enzyme alterations in kidney after cardiac arrest

can occur during and after reperfusion (4,5). Previous
studies have found post-cardiac arrest syndromes (PCAS)
in various organs, especially in the heart, brain, and renal
tissue (6,7). However, most studies were focused on brain
injury. The occurrence and effect of I/R injury in the kidney
after CA are not described well (8).

I/IR is mediated by oxidative stress, which may cause
injury to insulted tissues. The damage caused by the
return of oxygen to an ischemic tissue is far greater than
the injury caused by ischemia alone (9). However, in a
two-phase pattern, oxidative stress can lead to I/R injury-
provoked damage. Oxidative stress directly induces
cytotoxicity by producing free radicals and indirectly
triggers post-ischemia-reperfusion inflammatory injury by
recruiting inflammatory mediators through redox-mediated
signaling pathways (9,10). These oxidative stress and
inflammatory reactions have been associated with the
development of multiple organ failure (11).

Reactive oxygen species (ROS) generated by sudden
recirculation of oxygen have been found to play a
significant role in the pathophysiology of I/R injury (12).
Moreover, excess production of ROS can stimulate lipid
peroxidation, DNA damage, apoptosis, and necrosis and
trigger cellular death in several ways (13,14). To protect
ROS-mediated injury, it is important to neutralize the
effects of ROS. Antioxidant enzymes such as superoxide
dismutases (SODs), catalase (CAT), and glutathione
peroxidase (GPx) can provide a front line of defense
against ROS-mediated injury (15,16). SODs, CAT, and
GPx are a group of metalloenzymes that catalyze the
dismutation of superoxide anion (—O,) into hydrogen
peroxide (H,O,) and subsequently increase the break-
down of H,0O, to water and molecular oxygen (O,)
(16—18).

However, in a previous experiment, antioxidant
enzymes and their relationships with renal injury were
observed only one day after induction of asphyxial CA
enzymes (19). A time-course study was not performed.
Thus, the aim of this study was to examine the changing
pattern of antioxidant enzymes (SOD-1, SOD-2, CAT,
Gpx) in rat kidneys following asphyxial CA in a time-
dependent manner.

Material and Methods

Experimental animals and groups

All experimental methods of this investigation were
approved by Jeonbuk National University (approval No.
CBNU 2020-084) based on guidelines of ethics and
scientific care provided by the Institutional Animal Care
and Use Committee (IACUC) at Jeonbuk National
University. The experimental Sprague Dawley male rats
(body weight: 270-330 g) were 7 weeks old. They were
provided by the Experimental Animal Center of Jeonbuk
National University (lksan campus, South Korea). A total
of 88 rats were used in this study and assigned to five
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groups. Eight rats were used for the sham group and the
remaining 80 rats were used for CA surgery. CA-operated
rats were sacrificed at 6 h (n=8), 12 h (n=8), 1 day (n=8),
and 2 days (n=8) following ROSC.

Induction of CA and cardiopulmonary resuscitation
(CPR)

CA induction and CPR were performed following an
established protocol (20). Anesthesia was maintained
using a rodent ventilator (Harvard Apparatus, USA).
Heating pads were used to maintain body temperature
(37 £0.5°C). During the experimental period, peripheral
oxygen saturation (SpO,) and electrocardiogram (ECG)
data were recorded frequently. The right femoral vein was
exposed to insert the cannula for intravenous injection.
Mean arterial pressure (MAP) was measured by cannula-
tion of the left femoral artery. To induce CA in rats,
intravenous vecuronium bromide (2 mg/kg, Gensia, Sicor
Pharmaceuticals, USA) was inserted, and mechanical
ventilation was stopped (19). CA was confirmed by MAP
values lower than 25 mmHg after 3—4 min of a stabilization
period. Five minutes after induction of CA, epinephrine
(0.005 mg/kg, Sigma, USA) and sodium bicarbonate
(1 mEqg/kg, Sigma) were injected intravenously (19).
Mechanical chest compression (Jeung Do Bio & Plant
Co., Ltd., Korea) was done at 300/min with 100% oxygen
supply. When rats became thermodynamically stable, they
were sacrificed at specific time points (Figure 1).

Evaluation of serum levels of urea nitrogen and
creatinine

For euthanasia, 30% urethane (Sigma) was used.
Then 3-5 mL of blood was collected from the inferior vena
cava. Serum was separated from blood by centrifugation
at 3400 g or 15 min and used to determine blood urea
nitrogen (BUN) and creatinine (Crtn) levels with an
Automatic Analyzer 7020 (Hitachi, Japan).

Evaluation of malondialdehyde (MDA)

Levels of MDA as an oxidative stress marker in renal
tissues were evaluated following instructions of a com-
mercial kit (Cayman Chemical, USA). In brief, renal
tissues were homogenized and centrifuged at 8832 g for
10 min. The supernatant was collected and kept at —-80°C
for experimental analysis. Using a tunable versus max
microplate reader (Cayman Chemical), the absorbance of
MDA was measured at 535 nm.

Hematoxylin and eosin (H&E), periodic acid-Schiff
(PAS), and Masson’s trichrome staining

Both kidneys were removed carefully after sacrificing
rats without any damage and fixed with 10% neutral
buffered formalin. Paraffin-embedded blocks were then
made and sectioned (5 um in thickness) for H&E, PAS,
and Masson’s trichrome staining to examine histopatho-
logical changes, glomerular basement membrane, and
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Figure 1. Schematic diagram of the cardiac arrest (CA) model in rats with the pragmatic time used for animal stabilization, CA induction,
cardiopulmonary resuscitation (CPR), rate of spontaneous circulation (ROSC), and sacrifice.

interstitial fibrosis, respectively (21). Images of stained
kidney sections were taken using a Leica DM 2500
microscope (Leica Microsystems, Germany). For H&E-
stained sections, x400 magnification was used. For PAS-
and Masson’s trichrome-stained sections, x1,000 mag-
nifications were used. For each rat, separate slides were
prepared. Ten different fields of the same slide were then
examined. Two experienced renal pathologists assessed
histopathological changes via quantitative tubulointerstitial
injury measurement by counting numbers of apoptotic and
necrotic cells, determining loss of tubular brush border,
tubular dilatation, cast formation, and neutrophil infiltra-
tion, and examining glomeruli basement membrane
thickness in a double-blinded fashion. The scoring was
done based on level of damage: 0=none; 1=0-10%;
2=11-25%; 3=26—45%; 4=46—-75%; and 5=76-100% (22).

Immunohistochemistry

To observe the expression pattern of antioxidant
enzymes in renal tissues, immunohistochemistry was
performed according to our published protocol (23). In
short, xylene and ethanol were used for deparaffinization
and dehydration of tissue sections, respectively. Antigen
retrieval and quenching were done using citrate buffer and
3% hydrogen peroxide, respectively. Tissue sections were
blocked with goat serum and then incubated with primary
antibodies for SOD-1 (Rabbit, Abcam, USA, #cat
ab13498), SOD-2 (Rabbit, Abcam, #cat ab13533), CAT
(Rabbit, Abcam, #cat ab16731), and Gpx (Rabbit, Abcam,
#cat ab22604) overnight at 4°C according to the dilution
recommended by the company. Afterward, tissue sections
were incubated with a secondary antibody (Vector
Laboratories Inc., USA) and vectastain ABC reagent
(Vector Laboratories Inc.) at room temperature for 1 h.
For the brown staining of immunoreactive tissue sections,
diaminobenzidine (DAB, Sigma-Aldrich) was used. Coun-
terstain was done using hematoxylin. Finally, sections
were mounted onto glass slides after dehydration and
cleaned with ethanol and xylene bath. A Leica DM 2500
microscope (Leica Microsystems) was used to capture
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images of immunoreactive tissue sections. ImagedJ thresh-
old analysis software (ij152-win-Java8; NIH, USA) was
used to analyze the relative absorbance in percentage.

Statistical analysis

GraphPad Prism 5.0 (USA) was used to analyze data.
Data are reported as means + SE. Survival rates were
measured using Kaplan-Meier statistics and log-rank
tests. Comparison of data among groups was performed
using one-way analysis of variance (ANOVA) followed by
Bonferroni’s multiple comparison tests. For all analyses,
statistical significance was considered when the P-value
was less than 0.05.

Results

Physiological variables

There were non-significant (P>0.05) differences in
baseline characteristics between CA-operated groups and
the sham group (Table 1). MAP and SpO, with isoelectric
ECG were used to confirm CA. Changes were observed
for ECG, MAP, and SpO, as expected according to the
protocol. The survival rate of rats was 80% at 6 h, 55% at
12 h, 42.9% at 1 day, and 33% at 2 days after ROSC.
At baseline and after ROSC, body temperature, body
weight, and heart rate did not change significantly. The
room temperature was kept stable during the experiment.

Renal function evaluation and MDA levels in renal
tissues

Serum levels of BUN and Crtn were significantly
(P<0.05) increased at 6 h, 12 h, 1 day, and 2 days after
ROSC. The peak level of BUN was at 12 h after ROSC,
and it was maintained for up to 2 days. The peak level of
Crtn was at 1 day after ROSC, and it was maintained for
up to 2 days (Figure 2A and B). MDA concentrations at
6 h, 12 h, 1 day, and 2 days after ROSC were significantly
(P<0.05) increased in kidneys of rats with CA-induced
ischemia compared with those in the sham group
(Figure 2C).
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Table 1. Physiological condition before (sham) induction of cardiac arrest and after in rats (n=8).

Parameter Sham 6 h 12 h 1d 2d
Body weight (g) 328.4+17.3 330.3+16.7 327.9+13.2 331.2+17.0 3304+12.1
SpO, 97.2+£0.7 97.8+0.6 96.4+0.2 96.6+1.7 98.0£1.2
MAP (mmHg) 122.2+0.5 119.8+1.4 116.2+£1.3 120.1+1.4 120.6+£0.5
Asphyxia time to CA (s) - 157.3+£13.3 158.0+£14.3 162.0+£16.3 153.8+£8.79
CPR time (s) - 75.2%£10.6 74.4£10.6 71.1+£125 73.4+11.0
Survival rate (%) 100.0 80.0 55.0 42.9 33.0

Data are reported as means + SE. There were no significant differences between groups. SpO,: oxygen saturation; MAP: mean arterial
pressure; CA: cardiac arrest; CPR: cardiopulmonary resuscitation; d: day.
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Figure 2. Effects of return of spontaneous circulation (ROSC) after induction of cardiac arrest (CA) on blood urea nitrogen (BUN),
creatinine, and malondialdehyde (MDA) levels on blood serum. Data are reported as means + SE (n=8). P <0.05, ANOVA followed by

Bonferroni’s multiple comparison tests.

Histopathological findings

Histopathology results showed that brush borders of
epithelial cells of renal tubules were completely lost with
dilatation and infiltration of inflammatory cells in glomer-
ular capillaries and acute tubular necrosis following
ROSC. H&E score showed significant damage to proximal
and distal convoluted tubules of the renal cortex at 6 h,
12 h, and 2 days post-CA (Figure 3). PAS staining score
showed that the diameter of glomeruli capillaries and the
thickness of the glomerular basement membrane were
markedly increased at 6 h, 12 h, 1 day, and 2 days after
ROSC compared with the sham. Masson’s trichrome
staining revealed increased interstitial fibrosis in the renal
cortex following ROSC in a time-dependent manner
(Figure 3).

Immunohistochemical analysis of antioxidant
enzymes

Immunoreactive antioxidant enzymes SOD-1, SOD-2,
CAT, and GPx were significantly reduced in renal
tissues of CA-operated groups. In the sham group,
expression levels of antioxidant enzymes were markedly
higher in tubular cells. However, other groups displayed
lower numbers of tubular cells stained with SOD-1,
SOD-2, CAT, and GPx in a time-dependent manner.
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Immunoreactive SOD-1 and SOD-2 expression levels
were significantly decreased at 6 h and maintained for
2 days after ROSC. GPx and CAT expression levels
started to decrease at 6 and 12 h and continued for 2 days
(Figure 4).

Discussion

The survival rate of out-of-hospital CA patients who
have received CPR from ambulance personnel and
surviving admission ranges from 14 to 39%, with more
than half of them dying within the first 24 h after arriving at
the hospital (24). The survival rate in CA animal models
varies according to the methodology or animals employed.
In the present study, the survival rate declined in a time-
dependent manner, reaching 33% at two days post-CA.
Previous studies have also shown the same pattern of
survivability (25,26). Therefore, our asphyxial CA model
was suitable for studying CA patients.

Severe damage is found mostly in the heart and brain
following I/R injury after CA (27). Nonetheless, some
research has found that acute renal impairment affects
neurological recovery (28). Furthermore, acute renal
damage is increased in 43% of patients resuscitated after
CA, with more than 75% of such damage occurring within
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Figure 3. Effects of return of spontaneous circulation (ROSC) after induction of cardiac arrest (CA) on renal histopathological changes.
H&E, PAS, and Masson trichrome staining (A) showed significantly augmented tubular injury and damage in the glomerulus in the CA-
operated groups (6 h, 12 h, 1 day, 2 days) compared to the sham group. Graphs represent the tubular injury score (B) and glomerular
basement membrane damage score (C). Original magnification: x400. Scale bar: 50 um. Data are reported as means + SE (n=8).
P <0.05, ANOVA followed by Bonferroni’s multiple comparison tests. (%) Indicates loss of brush border with necrosis, (#) indicates
irregular brush borders, (— ) indicates dilated glomerular capillaries, and (») indicates infiltration of inflammatory cells in CA-operated

groups.

three days (29). Thus, it is important to focus on acute
renal damage following CA and CPR. In the present study,
we found severe histological changes in kidney tissues.
Jawad et al. (26) and Kim et al. (19) have reported the
same pattern of histopathological changes in renal tissues
after induction of asphyxial CA. Creatinine and BUN are
the most frequently utilized endogenous indicators for
assessing glomerular function (30). These are markedly
augmented after ROSC in CA hospital patients and in an
induced-CA rat model (26). Previous studies have also
reported that BUN and creatine levels are increased at
1 day and 2 days after ROSC in an asphaxial CA rat
model (31,32). Our experimental data were also similar to
studies using a traditional I/R model. There were only
differences in histopathological damage in renal tissues.
BUN and Crin levels started to increase in an earlier
period of 6 h after ROSC. Results of BUN and Crtn levels
and histological analysis confirmed that acute kidney
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injury could progress in the initial period of CA and
continue for 2 days in asphyxial CA.

The involvement of oxidative stress is crucial in the
development of renal ischemic injury, which is pathologi-
cally prompted by excess generation of ROS and reactive
nitrogen species (RNS) (33). Those superoxides are
extremely bioactive oxygen molecules and vastly linked
to renal tissue damage (34). Overproduction of ROS
ultimately induces DNA degradation, protein inactivation,
and structural and functional disruption of renal tubular
cells by widespread membrane lipid peroxidation (35,36).
Increased ROS can also lead to MDA generation and
severely weaken the antioxidant enzyme system (37).
In the present study, MDA was markedly increased in
CA groups compared with the sham group, resembling
results of a previous study (26). Thus, asphyxial CA can
increase oxidative stress in a time-dependent manner and
provoke renal damage.
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Figure 4. Effects of return of spontaneous circulation (ROSC) after induction of cardiac arrest (CA) on renal antioxidant enzymes.
A, Immunohistochemistry showing significantly decreased expression of antioxidant enzymes superoxide dismutase (SOD)-1, SOD-2,
glutathione peroxidase (GPx), and catalase (CAT) in the CA-operated groups (6 h, 12 h, 1 day, 2 days) compared to the sham group.
Graphs represent the relative optical density (ROD%) of (B) SOD-1, SOD-2, GPx, and CAT expression. Original magnification: x400.
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Scale bar: 50 pm. Data are reported as means + SE (n=8). P <0.05, ANOVA followed by Bonferroni’s multiple comparison tests.

Detrimental consequences of oxidative stress can be
reduced by enzymatic antioxidant systems known to
scavenge ROS. Antioxidant enzymes such as SODs,
CAT, and GPx can inhibit ROS-mediated injury. SODs are
the most dominant antioxidant enzymes in cells. They can
initiate neutralization of ROS-induced toxicity and accel-
erate the neutralization and dismutation of superoxide
anion (—0.), which is highly detrimental, into hydrogen
peroxide (H>O,) and molecular oxygen (O,) (16). To
reduce toxic effects of H,O, on tissues, CAT can increase
the breakdown of H,0, into water and molecular oxygen,
which completes the detoxification process similar to SOD
(17). However, in mammals, CAT is restricted to peroxi-
somes, making it improbable to interact with SOD-
produced hydrogen peroxide (38). CAT might decompose
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peroxynitrite and oxidize nitric oxide to nitrite to balance
oxidation of NO (39). In addition, GPx is a vital intracellular
antioxidant enzyme that can also intensify the degradation
of H,O, to H,O and lipid peroxides to their equivalent
alcohols, mainly in the mitochondria (18). The present
experiment revealed that antioxidant defense systems
were altered by asphyxial CA-mediated I/R injury. The
change in the potentiality of antioxidant enzymes sug-
gested the role of ROS in the pathogenesis of asphyxial
CA-mediated I/R renal injury. Our study revealed that the
immunoreactivity of antioxidant enzymes including SOD-
1, SOD-2, CAT, and GPx started to decline at an early
stage of CA (6 h) and continued to decline significantly up
to 2 days after ROSC compared with the sham group.
Expression patterns of antioxidant enzymes in the
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asphyxial CA model are similar to those in the ischemic
acute kidney injury model. A previous experiment has
found that antioxidant enzymes including SOD-1, SOD-2,
CAT, and GPx in kidneys exposed to ischemia for 30, 60,
90 min, 2 h, and 24 h are reduced significantly (40). Kim
et al. (19) have shown that immunoreactivity of antioxidant
enzymes (SOD-1, SOD-2, CAT, GPx) in renal tissues are
decreased at 1 day after I/R induction by asphyxial CA
and that hypothermia treatment can increase the expres-
sion of antioxidants enzymes.

Conclusion

CA-induced ischemia significantly increased oxidative
stress in renal tissues during the early period (6 h).
Oxidative stress-mediated markers could be involved in

References

1. Tasoulis MK, Douzinas EE. Hypoxemic reperfusion of
ischemic states: an alternative approach for the attenuation
of oxidative stress mediated reperfusion injury. J Biomed Sci
2016; 23: 7, doi: 10.1186/512929-016-0220-0.

2. Kalogeris T, Baines CP, Krenz M, Korthuis RJ. Cell biology
of ischemia/reperfusion injury. Int Rev Cell Mol Biol 2012;
298: 229-317, doi: 10.1016/B978-0-12-394309-5.00006-7.

3. Clarke G, Mergental H, Hann A, Perera MTP, Afford SC,
Mirza DF. How machine perfusion ameliorates hepatic
ischaemia reperfusion injury. Int J Mol Sci 2021; 22: 7523,
doi: 10.3390/ijms22147523.

4. Neumar RW, Nolan JP, Adrie C, Aibiki M, Berg RA, Béttiger
BW, et al. Post-cardiac arrest syndrome: epidemiology,
pathophysiology, treatment, and prognostication. A consen-
sus statement from the International Liaison Committee on
Resuscitation (American Heart Association, Australian and
New Zealand Council on Resuscitation, European Resusci-
tation Council, Heart and Stroke Foundation of Canada,
InterAmerican Heart Foundation, Resuscitation Council of
Asia, and the Resuscitation Council of Southern Africa); the
American Heart Association Emergency Cardiovascular
Care Committee; the Council on Cardiovascular Surgery
and Anesthesia; the Council on Cardiopulmonary, Peri-
operative, and Critical Care; the Council on Clinical
Cardiology; and the Stroke Council. Circulation 2008; 118:
24522483, doi: 10.1161/CIRCULATIONAHA.108.190652.

5. Opie LH. Reperfusion injury and its pharmacologic mod-
ification. Circulation 1989; 80: 1049-1062, doi: 10.1161/01.
CIR.80.4.1049.

6. Roberts BW, Kilgannon JH, Chansky ME, Mittal N, Wooden
J, Parrillo JE, et al. Multiple organ dysfunction after return of
spontaneous circulation in postcardiac arrest syndrome.
Crit Care Med 2013; 41: 1492-1501, doi: 10.1097/
CCM.0b013e31828a39e9.

7. Zeiner A, Sunder-Plassmann G, Sterz F, Holzer M, Losert H,
Laggner AN, et al. The effect of mild therapeutic hypother-
mia on renal function after cardiopulmonary resuscitation
in men. Resuscitation 2004; 60: 253-261, doi: 10.1016/
j.resuscitation.2003.11.006.

8. Yanta J, Guyette FX, Doshi AA, Callaway CW, Rittenberger
JC, Post Cardiac Arrest Service. Renal dysfunction is

Braz J Med Biol Res | doi: 10.1590/1414-431X2023e12408

7/8

the reduction of activities of antioxidant enzymes such
as SOD-1, SOD-2, GPx, and CAT, ultimately increasing
renal injury in a time-dependent manner. They could be
potential factors for a low survival rate. Further studies are
needed to explore the exact mechanism involved.

Acknowledgments

This research was supported by Basic Science
Research Program through the National Research Foun-
dation of Korea funded by the Ministry of Education (NRF-
2020R111A3070874, NRF-2022R1A2C4002264) and by
the Project No. PJ01690702 from the Rural Development
Administration and by the Biomedical Research Institute
of Jeonbuk National University Hospital.

common following resuscitation from out-of-hospital cardiac
arrest. Resuscitation 2013; 84: 1371-1374, doi: 10.1016/
j.resuscitation.2013.03.037.

9. Yellon DM, Hausenloy DJ. Myocardial reperfusion injury.
N Engl J Med 2007; 357: 1121-1135, doi: 10.1056/NEJMra
071667.

10. Douzinas EE, Livaditi O, Andrianakis |, Prigouris P, Paneris
P, Villiotou V, et al. The effect of hypoxemic resuscitation
from hemorrhagic shock on blood pressure restoration
and on oxidative and inflammatory responses. Intensive
Care Med 2008; 34: 1133-1141, doi: 10.1007/s00134-007-
0940-4.

11. Tasoulis MK, Douzinas EE. Hypoxemic reperfusion of
ischemic states: an alternative approach for the attenuation
of oxidative stress mediated reperfusion injury. J Biomed Sci
2016; 23: 7-7, doi: 10.1186/s12929-016-0220-0.

12. McCord JM. Oxygen-derived free radicals in postischemic
tissue injury. N Engl J Med 1985; 312: 159-163, doi:
10.1056/NEJM198501173120305.

13. Tsuda H, Kawada N, Kaimori JY, Kitamura H, Moriyama T,
Rakugi H, et al. Febuxostat suppressed renal ischemia-
reperfusion injury via reduced oxidative stress. Biochem
Biophys Res Commun 2012; 427: 266—272, doi: 10.1016/
j-bbrc.2012.09.032.

14. Feng L, Ke N, Cheng F, Guo Y, Li S, Li Q, et al. The
protective mechanism of ligustrazine against renal ischemia/
reperfusion injury. J Surg Res 2011; 166: 298-305, doi:
10.1016/j.jss.2009.04.005.

15. Younus H. Therapeutic potentials of superoxide dismutase.
Int J Health Sci (Qassim) 2018; 12: 88-93.

16. Ighodaro OM, Akinloye OA. First line defence antioxidants-
superoxide dismutase (SOD), catalase (CAT) and glu-
tathione peroxidase (GPX): their fundamental role in the
entire antioxidant defence grid. Alexandria J Med 2018; 54:
287-293, doi: 10.1016/j.ajme.2017.09.001.

17. Chelikani P, Fita I, Loewen PC. Diversity of structures and
properties among catalases. Cell Mol Life Sci 2004; 61:
192-208, doi: 10.1007/s00018-003-3206-5.

18. Goéth L, Rass P, Pay A. Catalase enzyme mutations and
their association with diseases. Mol Diagn 2004; 8: 141—
149, doi: 10.1007/BF03260057.


http://dx.doi.org/10.1186/s12929-016-0220-0
http://dx.doi.org/10.1016/B978-0-12-394309-5.00006-7
http://dx.doi.org/10.3390/ijms22147523
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.190652
http://dx.doi.org/10.1161/01.CIR.80.4.1049
http://dx.doi.org/10.1161/01.CIR.80.4.1049
http://dx.doi.org/10.1097/CCM.0b013e31828a39e9
http://dx.doi.org/10.1097/CCM.0b013e31828a39e9
http://dx.doi.org/10.1016/j.resuscitation.2003.11.006
http://dx.doi.org/10.1016/j.resuscitation.2003.11.006
http://dx.doi.org/10.1016/j.resuscitation.2013.03.037
http://dx.doi.org/10.1016/j.resuscitation.2013.03.037
http://dx.doi.org/10.1056/NEJMra071667
http://dx.doi.org/10.1056/NEJMra071667
http://dx.doi.org/10.1007/s00134-007-0940-4
http://dx.doi.org/10.1007/s00134-007-0940-4
http://dx.doi.org/10.1186/s12929-016-0220-0
http://dx.doi.org/10.1056/NEJM198501173120305
http://dx.doi.org/10.1016/j.bbrc.2012.09.032
http://dx.doi.org/10.1016/j.bbrc.2012.09.032
http://dx.doi.org/10.1016/j.jss.2009.04.005
http://dx.doi.org/10.1016/j.ajme.2017.09.001
http://dx.doi.org/10.1007/s00018-003-3206-5
http://dx.doi.org/10.1007/BF03260057
https://doi.org/10.1590/1414-431X2023e12408

Antioxidant enzyme alterations in kidney after cardiac arrest

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kim SE, Shin HY, Lee EY, Yoo YJ, Kim RH, Cho JH, et al.
Effect of therapeutic hypothermia against renal injury in a rat
model of asphyxial cardiac arrest: A focus on the survival
rate, pathophysiology and antioxidant enzymes. Mol Med
Rep 2022; 25: 19, doi: 10.3892/mmr.2021.12535.

Drabek T, Foley LM, Janata A, Stezoski J, Hitchens TK,
Manole MD, et al. Global and regional differences in
cerebral blood flow after asphyxial versus ventricular
fibrillation cardiac arrest in rats using ASL-MRI. Resuscita-
tion 2014; 85: 964-971, doi: 10.1016/j.resuscitation.2014.
03.314.

Park Y, Tae HJ, Cho JH, Kim IS, Ohk TG, Park CW, et al.
The relationship between low survival and acute increase
of tumor necrosis factor o expression in the lung in a rat
model of asphyxial cardiac arrest. Anat Cell Biol 2018; 51:
128-135, doi: 10.5115/acb.2018.51.2.128.

Kocoglu H, Ozturk H, Ozturk H, Yilmaz F, Gulcu N. Effect
of dexmedetomidine on ischemia-reperfusion injury in rat
kidney: a histopathologic study. Ren Fail 2009; 31: 70-74,
doi: 10.1080/08860220802546487.

Akanda MR, Kim IS, Ahn D, Tae HJ, Nam HH, Choo BK,
et al. Anti-inflammatory and gastroprotective roles of
rabdosia inflexa through downregulation of pro-inflammatory
cytokines and MAPK/NF-kB signaling pathways. Int J Mol
Sci 2018; 19: 584, doi: 10.3390/ijms19020584.

Cobbe SM, Dalziel K, Ford |, Marsden AK. Survival of 1476
patients initially resuscitated from out of hospital cardiac
arrest. BMJ 1996; 312: 1633-1637, doi: 10.1136/bmj.
312.7047.1633.

Lee JH, Lee TK, Kim IH, Lee JC, Won MH, Park JH, et al.
Changes in histopathology and tumor necrosis factor-a
levels in the hearts of rats following asphyxial cardiac arrest.
Clin Exp Emerg Med 2017; 4: 160-167, doi: 10.15441/
ceem.17.220.

Jawad A, Yoo YJ, Yoon JC, Tian W, Islam MS, Lee EY, et al.
Changes of renal histopathology and the role of Nrf2/HO-1
in asphyxial cardiac arrest model in rats. Acta Cir Bras 2021,
36: €360607, doi: 10.1590/acb360607.

Nguyen Thi PA, Chen MH, Li N, Zhuo XJ, Xie L. PD98059
protects brain against cells death resulting from ROS/
ERK activation in a cardiac arrest rat model. Oxid Med
Cell Longev 2016; 2016: 3723762, doi: 10.1155/2016/
3723762.

Chou AH, Lee CM, Chen CY, Liou JT, Liu FC, Chen YL, et al.
Hippocampal transcriptional dysregulation after renal ische-
mia and reperfusion. Brain Res 2014; 1582: 197-210, doi:
10.1016/j.brainres.2014.07.030.

Braz J Med Biol Res | doi: 10.1590/1414-431X2023e12408

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

8/8

Tujjar O, Mineo G, Dell’Anna A, Poyatos-Robles B,
Donadello K, Scolletta S, et al. Acute kidney injury after
cardiac arrest. Crit Care 2015; 19: 169, doi: 10.1186/
$13054-015-0900-2.

Gounden V, Bhatt H, Jialal I. Renal function tests.
StatPearls. Treasure Island (FL): StatPearls Publishing
LLC.; 2022.

Tian L, Wang S, Zhao L, Lu X, Zhu C, Gong H, et al.
Renoprotective effects of levosimendan on acute kidney
injury following cardiac arrest via anti-inflammation, anti-
apoptosis, and ERK activation. FEBS Open Bio 2021; 11:
2236-2244, doi: 10.1002/2211-5463.13227.

Fu ZY, Wu ZJ, Zheng JH, Qin T, Yang YG, Chen MH. The
incidence of acute kidney injury following cardiac arrest and
cardiopulmonary resuscitation in a rat model. Ren Fail 2019;
41: 278-283, doi: 10.1080/0886022X.2019.1596819.
Eltzschig HK, Eckle T. Ischemia and reperfusion--from
mechanism to translation. Nat Med 2011; 17: 1391-1401,
doi: 10.1038/nm.2507.

Mukhopadhyay P, Eid N, Abdelmegeed MA, Sen A. Interplay
of oxidative stress, inflammation, and autophagy: their role
in tissue injury of the heart, liver, and kidney. Oxid Med Cell
Longev 2018; 2018: 2090813, doi: 10.1155/2018/2090813.
Gonzalez-Vicente A, Garvin JL. Effects of reactive oxygen
species on tubular transport along the nephron. Antioxidants
(Basel) 2017; 6: 23, doi: 10.3390/antiox6020023.

Jha JC, Banal C, Chow BS, Cooper ME, Jandeleit-Dahm K.
Diabetes and kidney disease: role of oxidative stress.
Antioxid Redox Signal 2016; 25: 657-684, doi: 10.1089/
ars.2016.6664.

Tian H, Xiong Y, Zhang Y, Leng Y, Tao J, Li L, et al.
Activation of NRF2/FPN1 pathway attenuates myocardial
ischemia-reperfusion injury in diabetic rats by regulating iron
homeostasis and ferroptosis. Cell Stress Chaperones 2021;
27: 149-164, doi: 10.1007/s12192-022-01257-1.

Perkins A, Nelson KJ, Parsonage D, Poole LB, Karplus PA.
Peroxiredoxins: guardians against oxidative stress and
modulators of peroxide signaling. Trends Biochem Sci
2015; 40: 435-445, doi: 10.1016/j.tibs.2015.05.001.
Glorieux C, Calderon PB. Catalase, a remarkable enzyme:
targeting the oldest antioxidant enzyme to find a new cancer
treatment approach. Biol Chem 2017; 398: 1095-1108,
doi: 10.1515/hsz-2017-0131.

Dobashi K, Ghosh B, Orak JK, Singh I, Singh AK. Kidney
ischemia-reperfusion: modulation of antioxidant defenses.
Mol Cell Biochem 2000; 205: 1-11, doi: 10.1023/A:1007
047505107.


http://dx.doi.org/10.3892/mmr.2021.12535
http://dx.doi.org/10.1016/j.resuscitation.2014.03.314
http://dx.doi.org/10.1016/j.resuscitation.2014.03.314
http://dx.doi.org/10.5115/acb.2018.51.2.128
http://dx.doi.org/10.1080/08860220802546487
http://dx.doi.org/10.3390/ijms19020584
http://dx.doi.org/10.1136/bmj.312.7047.1633
http://dx.doi.org/10.1136/bmj.312.7047.1633
http://dx.doi.org/10.15441/ceem.17.220
http://dx.doi.org/10.15441/ceem.17.220
http://dx.doi.org/10.1590/acb360607
http://dx.doi.org/10.1155/2016/3723762
http://dx.doi.org/10.1155/2016/3723762
http://dx.doi.org/10.1016/j.brainres.2014.07.030
http://dx.doi.org/10.1186/s13054-015-0900-2
http://dx.doi.org/10.1186/s13054-015-0900-2
http://dx.doi.org/10.1002/2211-5463.13227
http://dx.doi.org/10.1080/0886022X.2019.1596819
http://dx.doi.org/10.1038/nm.2507
http://dx.doi.org/10.1155/2018/2090813
http://dx.doi.org/10.3390/antiox6020023
http://dx.doi.org/10.1089/ars.2016.6664
http://dx.doi.org/10.1089/ars.2016.6664
http://dx.doi.org/10.1007/s12192-022-01257-1
http://dx.doi.org/10.1016/j.tibs.2015.05.001
http://dx.doi.org/10.1515/hsz-2017-0131
http://dx.doi.org/10.1023/A:1007047505107
http://dx.doi.org/10.1023/A:1007047505107
https://doi.org/10.1590/1414-431X2023e12408

	title_link
	Introduction
	Material and Methods
	Experimental animals and groups
	Induction of CA and cardiopulmonary resuscitation lparCPRrpar
	Evaluation of serum levels of urea nitrogen and creatinine
	Evaluation of malondialdehyde lparMDArpar
	Hematoxylin and eosin lparH&Erpar, periodic acidhyphenSchiff lparPASrpar, and Massonaposs trichrome staining
	Immunohistochemistry
	Statistical analysis

	Results
	Physiological variables
	Renal function evaluation and MDA levels in renal tissues

	Figure 1.
	Histopathological findings
	Immunohistochemical analysis of antioxidant enzymes

	Discussion
	Table  Table 1. Physiological condition before lparshamrpar induction of cardiac arrest and after in rats lparn=8rpar
	Figure 2.
	Figure 3.
	Figure 4.
	Conclusion

	Acknowledgments

	REFERENCES
	References


