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Comparison of serum tumor necrosis factor, superoxide dismutase, and 

heat shock protein-70 levels during cardiopulmonary bypass and ische-

mia reperfusion injury after cardiopulmonary bypass in cardiac sur-

gery 
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Abstract 

Objective: This study aims to determine the com-

parison between tumor necrosis factor (TNF)-a, 

superoxide dismutase (SOD), and heat shock 

protein (HSP)-70 levels during cardiopulmonary 

bypass (CPB) and ischemia reperfusion injury 

after cardiopulmonary bypass. 

Design: This study was an analytical observa-

tional study with a cross sectional design. 

Setting: This study was conducted at Dr. Soe-

tomo General Hospital Surabaya. The period of 

study was from April 2020 to September 2020. 

Patients and participants: Population of study 

was all adult patients who underwent on pump 

cardiac surgery. Study samples were patients 

who were included in inclusion criterion. Pa-

tients’ characteristics were presented as fre-

quency and percentage. 

Measurement and results: All interval data with 

normal distribution were analyzed using T-pair 

test. Statistical test using the Wilcoxon signed-          

. 

ranks test (two-tailed) was performed to deter-

mine comparison of TNF-a, SOD, and HSP-70 

levels during CPB and after CPB. There were 30 

subjects who underwent adult cardiac surgeries 

including coronary artery bypass graft (CABG), 

valve, and double procedures. According to sta-

tistical test, there was a significant increase of 

TNF-a, SOD, and HSP-70 levels during cardio-

pulmonary bypass compared to after cardiopul-

monary bypass with p-value <0.05. Pearson cor-

relation test was performed to determine the cor-

relation between elevated levels of TNF-a, SOD, 

HSP-70 during CPB impact. There was signifi-

cant correlation between TNF-a and SOD 

(p<0.05), and also between SOD and HSP-70 

(p<0.05). 

Conclusion: Our study showed that CPB impact 

significantly contributes to the increase of TNF-

a, SOD, and HSP-70 levels compared to after 

CPB in patient undergoing on pump cardiac sur-

geries. 
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Introduction 

The two most important insults that influence the 

occurrence of cardiac problem after cardiopulmo-
nary bypass (CPB) during cardiac surgery are im-

pact during CPB and ischemia-reperfusion injury 

after CPB. (1) 
Ischemia-reperfusion injury may induce the activa-

tion of many inflammatory mediators during oxida-

tion, which are then released into systemic circula-

tion. (2) Cardiopulmonary bypass, due to the fric-
tion of blood through the artificial blood pipe and its 

laminar blood flow, also induces the production of 

many inflammatory substances. (3) 

Tumor necrosis factor (TNF)-a is an inflammatory 

cytokine that has a unique main biological activity 
to cause organ damage during cardiac surgery. (4)        

. 
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The increase in TNF-a levels is caused by mechan-

ical factors and the biomolecular impact of CPB. (5) 

The increase in TNF-a can cause a decrease in the 

structural function of the heart muscle, initiate in-

flammation, increase the ability of macrophages in 
phagocytosis or chemotaxis in tissues, and trigger 

the spread of oxygen free radicals into the systemic 

through the binding of O2- and tissue cell apoptosis. 
(6) 

During CPB and ischemia reperfusion injury after 

CPB, the production of reactive oxygen species 

(ROS) increases, this triggers an additional amount 
of superoxide dismutase (SOD) as a buffer mecha-

nism to protect cells against ROS. (7) 

Excessive ROS may also induce hazard response to 
the cells, among them are vasodilatation due to ac-

tivation of endothelial derived-relaxing factor 

(EDRF) by superoxide cell membrane lysis caused 

by accumulation process of hydroxyl peroxide and 
cell protein denaturation by hydrogen chloride and 

nitric oxide. (8,9) 

The cytoprotective effect of heat shock protein 
(HSP-70) during cardiac surgery will neutralize the 

impact of increased TNF-a and oxidative stress, 

which can certainly protect the organ from possible 

biological and mechanical damage. (10) Apart from 

reducing myocardial oxidative stress and excessive 
calcium, HSP-70 also regulates tissue cell apopto-

sis-related proteins. (11) 

Our study’s objective was to determine whether im-
pact during CPB or ischemia-reperfusion injury af-

ter CPB contribute more to the increase of inflam-

matory mediators and protective cell substances 

during on pump cardiac surgeries. The sample size 
was measured by using the sample size formula. 

Furthermore, a statistical test was conducted to as-

sess the validity of the research hypothesis. 

 
Materials and methods 

The design of this research was a cross sectional ob-

servational analytic research. After getting permis-
sion from the Research Ethics Committee of Dr. 

Soetomo General Hospital, the research was carried 

out immediately. Sampling of this research was con-

ducted in the Operating Room of the Integrated Car-
diac Services Building Dr. Soetomo General Hospi-

tal Surabaya during the period April to September 

2020. The research population were adult patients 
that underwent open heart surgery. Samples were 

taken consecutively that met the inclusion criterion, 

which was non-congenital adult patients aged 30-65 

years. Meanwhile, the exclusion criteria were con-
genital heart defects, emergency surgery or redo, 

high vasoactive-inotropic score (VIS), ejection frac-

tion (EF)<40%, and patients with low output syn-          
. 

drome or organ dysfunction. The sample size was 

calculated based on the sample size formula, which 
resulted in minimum of 20 samples. 

The anesthetic technique in this research was based 

on the underlying cardiac pathophysiology of the 
disease. The principle of opioid base anesthesia was 

the basis for selecting anesthetics technique. During 

the cardiac surgery procedure, arterial blood sam-

ples were taken for three periods, those were pre-
CPB before induction of anesthesia, during CPB 

cooling period after 60 minutes of full flow, and 

during sternal closure after CPB. Furthermore, the 
blood sample was inserted into the reagent tube and 

collected at the Clinical Pathology Laboratory, 5th 

floor of Dr. Soetomo General Hospital. Assessment 

of TNF-a, SOD, and HSP-70 levels were carried 

out using enzyme-linked immunosorbent assay 
(ELISA) kits. Furthermore, the data were collected 

in tabular form and research documentation. 

The data obtained were in the form of nominal lev-

els of TNF-a, SOD, and HSP-70 at pre CPB, during 

CPB, and after CPB. Furthermore, statistical tests of 

level changes and correlation of TNF-a, SOD, and 
HSP-70 levels were carried out in pre CPB, during 

CPB, and after CPB. A two-tailed Wilcoxon signed 

rank statistical test was performed to analyze the in-

crease levels of TNF-a, SOD, and HSP-70 during 

cardiac surgery. Meanwhile, statistical correlation 
tests were carried out using Pearson's correlation. 

The level of significance was obtained using an 

odds ratio with a 95% confidence level. Statistical 

significance was assessed as significant if the p-
value <0.05. 

 

Results 

From 30 patients admitted to this study, 4 patients 

were dropped out in this research because of low 

output after CPB and long CPB time. A total of 26 
patients were enrolled in this study, it can be seen in 

Table 1. As many as 46.2% were cases of coronary 

artery bypass grafting (CABG), while 53.8% were 

non-CABG, which included mitral (23%), aortic 
(7.7%), mitral valve replacement plus CABG 

(7.7%), and mitral valve replacement plus tricuspid 

valve repair (15.3%) as seen in Figure 1. 
Interpretation of the normality test was done by us-

ing Shapiro-Wilk. It was found that the distribution 

of the research samples was normally distributed at 

pre CPB, during CPB, and after CPB with p<0.05. 
The statistical test using Wilcoxon signed ranks 

compared increased levels of TNF-a, SOD, and 

HSP-70 during cardiac surgery. Because of the dif-

ference in nominal parameters of the baseline TNF-

a, SOD, and HSP-70 levels, we used statistical anal-

ysis correlation to define those levels. 
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Increased levels of TNF-a, SOD, and HSP-70 dur-

ing CPB compared to pre-CPB was statistically sig-

nificant (p<0.05) based on this research. However, 

increased levels of TNF-a, SOD, and HSP-70 after 

CPB compared to during CPB was not significant 
with p>0.05. Comparison of significance of each 

parameter and p-value during cardiac surgery can be 

seen in Tables 2, 3, and 4. 
The correlation percentage of increased levels of 

TNF-a, SOD, HSP-70 during CPB is shown in Ta-

ble 5. The percentage of increased levels of TNF-a 
and SOD during CPB compared to pre CPB had a 

significant correlation with p<0.05. Meanwhile, the 

percentage of increased levels of TNF-a and HSP-

70 expression during CPB compared to pre CPB had 

insignificant correlation with p>0.05. 
 

Discussion 

Organ dysfunction arising from post-cardiac sur-

gery is not separable from the impact of CPB in 
causing inflammation and oxidative stress during 

CPB. (12-17) There are two parallel paths that cause 

damage molecularly. The two pathways are differ-
ent sequence in causing tissue cell damage. In the 

cardiopulmonary bypass pathway, tissue cell dam-

age is caused by activation of the inflammatory cas-
cade, that is to mention complement activation and 

leukocyte activation, while in the ischemia reperfu-

sion pathway, tissue cell damage is caused by anaer-

obic metabolism and an increase in the number of 
free radicals (ROS). (18-21) The two pathways can 

overlap and join the chain of more severe tissue cell 

damage. (22) The differences in the baseline values 

for the TNF-a, SOD, and HSP 70 parameters are 

caused by individual variations, comorbid diseases, 
age, and the impact of heart disease itself. (23,24) 

The statistical significance of the increase in TNF-

a levels during CPB to pre CPB due to the interac-

tion of CPB with the patient's blood circulation, sur-

gical shear injury, impaired intestinal permeability, 
inadequate hypothermic distribution, hemodilution, 

and tissue cell hypoperfusion during CPB can lead 

to an increase in TNF-a during the CPB. (25) On a 

different side, the significance of the increase in 

TNF-a after CPB compared to during CPB was not 

significant with p>0.05 in this research. The low 
statistical significance can be explained due to the 

fact that in the early phase after CPB, there is not 

much increase in TNF-a. The factors that cause this 

condition include the absence of CPB interaction 

with patient, improvement of inflammation due to 
improved macro-circulation or hypoperfusion from 

previous disease and variable peak timing of reper-

fusion ischemic injury. Some literature mentions 6      
. 

hours post surgery, on the other hand there are those 

who have reported the injury more than 24 hours 

post surgery. (26,27) 

The elevated levels of SOD during CPB compared 

to pre CPB in this research was statistically signifi-

cant with p<0.05. The increase in SOD levels is the 
body's response to the increasing number of free 

radicals or ROS caused by the impact of CPB. Ac-

cording to Luyten et al., during cardiac surgery there 
was an increase in glutathione levels by 40% and 

30% SOD, which then returned to normal after 24 

hours postoperatively. (28) ROS recirculation me-

diated by an increase in TNF-a levels during CPB 

will cause ROS levels to remain elevated in the 
blood. (29) It was proven in this research that 

changes in SOD followed changes in TNF-a levels 

during CPB. Increased levels of SOD acts as anti-

oxidants, which protect cellular components from 

being oxidized by ROS during cardiac surgery. (30) 

The impact of ischemia reperfusion after CPB on 
changes of SOD levels after CPB compared to dur-

ing CPB did not have statistical significance. This 

may be due to adequate post-CPB circulatory per-
formance, which is able to avoid inflammatory 

stress and oxidative stress. There was decreased role 

of TNF-a post CPB, and the use of antioxidant ad-

juvant drugs, for example mannitol, propofol, hepa-

rin, inhalation anesthetics, and the use of ultrafiltra-

tion during CPB. (31) 

Increased expression of HSP-70 during CPB com-

pared to pre-CPB had statistical significant in this 

research. The increase in HSP-70 expression during 
CPB is caused by cytoprotective effect of HSP, 

which increases the activity of inflammatory medi-

ators, some of which are an increase in TNF-a lev-

els, an increase in oxidative stress, and the impact 

of CPB on damage to patient tissue cells. (32) 
Meanwhile, the increase of HSP-70 expression after 

CPB compared to during CPB did not have a statis-

tical significance. The insignificant changes in 
HSP-70 expression after CPB are caused by an im-

provement in the inflammatory process post CPB, 

an improvement in systemic perfusion due to proper 

cardiac correction, and the absence of a significant 
increase in free radical stress. According to Hamp-

ton et al., the increase in HSP-70 expression is 

largely determined by the duration of cardioplegia 

administration and reperfusion. (33) 

Initial hypothermia during CPB does not appear to 

have much effect on changes in the elevated levels 

of TNF-a, SOD, and HSP-70. Meanwhile, the im-

pact of cross clamp duration greatly influenced the 
increase of these three parameters during cardiac 

surgery with p<0.05. 
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The correlation between elevated levels of TNF-a 

and SOD during CPB compared to pre CPB had sta-

tistical significance, but not with HSP-70. The 

closed association of increased oxidative stress with 
inflammation might occur during CPB, whereas the 

cytoprotective effect of HSP-70 limited the increase 

in TNF-a based on this research. The correlation of 

elevated levels between SOD and HSP-70 during 
CPB compared to pre CPB also had statistical sig-

nificance. Closed correlation of SOD and HSP-70 

during CPB are caused by defensed mechanism 

against threatening inflammation and stress oxida-
tive during CPB. (34) 

Inflammation and oxidative stress can cause in-

creased levels of TNF-a as inflammatory precursor, 

while both SOD and HSP-70 act as anti-inflamma-

tory agents during CPB. Elevated levels of these 
three substances are related one another. 

The advantage of our research is that this research 

investigated the combined role of inflammatory fac-

tor TNF-a with the anti-inflammatory factors SOD 

and HSP-70. However, this research did not yet 
have homogenous cardiac surgery specifications. 

Furthermore, more studies with larger sample size   

. 

are necessary to further support these data. 

 
Conclusion 

Open heart surgery in this research provided vivid 

picture of the impact of cardiopulmonary bypass on 
the increase in inflammatory mediators, oxidative 

stress, and the body's response to these changes. The 

impact of CPB caused an increase in parameter lev-

els and the correlation percentage of TNF-a, SOD, 

and HSP-70, which had statistical significance with 
p<0.05. The causes of the increase in these parame-

ters were due to the inflammatory process and oxi-

dative stress during CPB. The increase in TNF-a, 

SOD, and HSP-70 parameters during CPB in this 

research had a very closed synergistic relationship 
during cardiopulmonary bypass. Therefore, inflam-

mation and oxidative stress were linked in the chain 

of events that occured during CPB according to this 

research. 
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Table 1. Patient demographic 

 

No. Parameter Variable Amount Percentage 

1 Age (years) 30-39 

40-49 

50-59 
60-69 

9 

5 

6 
6 

34.6% 

19.2% 

23.1% 
23.1% 

2 Gender Male 

Female 

18 

8 

69.2% 

30.8% 

3 Comorbid Without comorbid 
Hypertension 

Diabetes 

Smoker 

Other 

3 
9 

5 

8 

1 (obese) 

11.5% 
34.6% 

19.3% 

30.8% 

3.8% 

4 Type of surgery CABG 

Aorta 

Mitral 

Mitral+CABG 
Mitral+TV repair 

12 

2 

6 

2 
4 

46.2% 

7.7% 

23% 

7.7% 
15.3% 

5 Baseline (pre CPB) 

- TNF-a 

 

- SOD 
 

- HSP 

 

Normal range 
More than normal 

Normal range 

More than normal 

Normal range 
More than normal 

 

17 
9 

19 

7 

26 
0 

 

65.3% 
34.7% 

73% 

27% 

100% 
0% 

 

Legend: CPB=cardiopulmonary bypass; TNF=tumor necrosis factor; SOD=superoxide dismutase; HSP=heat 
shock protein; CABG=coronary artery bypass grafting; TV=tricuspid valve. 

 

 

Table 2. Comparison of increased levels of TNF-a during cardiac surgery 

 

 Positive rank 
(percentage of the amount) 

p-value* 

TNF-a changes during CPB compared to pre CPB 88% 0.000 

TNF-a changes after CPB compared to during CPB 50% 0.770 

 

Legend: TNF=tumor necrosis factor; CPB=cardiopulmonary bypass. 

*p<0.05 was statistically significant. 
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Table 3. Comparison of increased levels of SOD during cardiac surgery 

 

 Positive rank 

(percentage of the amount) 

p-value* 

SOD changes during CPB compared to pre CPB 96.1% 0.000 

SOD changes after CPB compared to during CPB 53.8% 0.679 

 
Legend: SOD=superoxide dismutase; CPB=cardiopulmonary bypass. 

*p<0.05 was statistically significant. 

 
 

Table 4. Comparison of increased levels of HSP-70 during cardiac surgery 

 

 Positive rank 
(percentage of the amount) 

p-value* 

HSP-70 changes during CPB compared to pre CPB 92.3% 0.000 

HSP-70 changes after CPB compared to during CPB 42.3% 0.330 

 
Legend: HSP=heat shock protein; CPB=cardiopulmonary bypass. 

*p<0.05 was statistically significant. 

 
 

Table 5. The correlation of percentage increased levels of TNF-a, HSP-70, and SOD during CPB 

 

Pearson correlation 

CPB to pre CPB 

p-value* 

%D TNF-a %D SOD %D HSP-70 

TNF-a  0.017 0.314 

SOD 0.017  0.000 

HSP-70 0.314 0.000  

 

Legend: TNF=tumor necrosis factor; HSP=heat shock protein; SOD=superoxide dismutase; CPB=cardiopul-

monary bypass; %D=percentage increased level. 
*p<0.05 was statistically significant. 
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Figure 1. Types of heart surgery 

 
 

 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

Legend: MVR=mitral valve replacement; TVr=tricuspid valve repair; CABG=coronary artery bypass grafting; 
AVR=aortic valve replacement. 

 

 
 

 

 

Crit Care Shock 2021 Vol. 24 No. 4 187 



1. Turer AT, Hill JA. Pathogenesis of Myocardial 
Ischemia-Reperfusion Injury and Rationale for 

Therapy. Am J Cardiol 2010;106:360-8. 

2. Collard CD, Gelman S. Pathophysiology, Clin-
ical Manifestations, and prevention of Ischemia 

Reperfusion Injury. Anesthesiology 2001;94: 

1133-8. 
3. Tsuchida M, Watanabe H, Watanabe T, Hira-

hara H, Haga M, Ohzeki H, et al. Effect of Car-

diopulmonary Bypass on Cytokine Release and 

Adhesion Molecule Expression in Alveolar 
Macrophages. Preliminary report in six cases. 

Am J Respir Crit Care Med 1997;156:932-8. 

4. Duran WN. The double-edge sword of TNF-al-
pha in ischemia-reperfusion injury. Am J Phys-

iol Heart Circ Physiol 2008;295:H2221-2. 

5. Gao X, Xu X, Belmadani S, Park Y, Tang Z, 

Feldman AM, et al. TNF-alpha Contributes to 
Endothelial Dysfunction by Upregulating Ar-

ginase in Ischemia/Reperfusion Injury. Arterio-

scler Thromb Vasc Biol 2007;27:1269-75. 
6. Gurevitch J, Frolkis I, Yuhas Y, Paz Y, Matsa 

M, Mohr R, et al. Tumor Necrosis Factor Alpha 

is Released From the Isolated Heart Undergoing 
Ischemia and Reperfusion. J Am Coll Cardiol 

1996;28:247-52. 

7. Carvajal Carvajal C. Reactive oxygen species: 

training, function and oxidative stress. Med Leg 
Costa Rica 2019;36:91-100. 

8. Han Y, Chen JZ. Oxidative stress induces mito-

chondrial DNA Damage and cytotoxicity 
through independent mechanisms in Human 

Cancer cells. Biomed Res Int 2013;2013: 

825065. 
9. Garcia-de-la-Asuncion J, Pastor E, Perez-

Griera J, Belda FJ, Moreno T, Garcia-del-Olmo 

E, et al. Oxidative stress injury after on pump 

cardiac surgery: Effects of aortic cross clamp 
time and type of surgery. Redox Rep 2013; 

18:193-9. 

10. Beyersdorf F. The use of controlled reperfusion 
strategies in cardiac surgery to minimize ischae-

mia/reperfusion damage. Cardio vasc Res 2009; 

83:262-8. 

11. Giffard RG, Han R-Q, Emery JF, Duan M, 
Pittet JF. Regulation of apoptotic and inflamma-

tory cell signaling in cerebral ischemia: the 

complex roles of Heat Shock Protein 70. Anes-
thesiology 2008;109:339-48. 

12. Narin C. Perioperative considerations in cardiac 

surgery [internet]. Sao Paulo: IntechOne; 2012. 
Chapter 5, Perioperative organ protection in 

cardiac surgery. [cited 2018 Jun]. Available               

. 

 

188 Crit Care Shock 2021 Vol. 24 No. 4 

from: https://www.intechopen.com/books/peri-
operative-considerations-in-cardiac-sur-

gery/perioperative-organ-protection 

13. Hausenloy DJ, Yellon DM. Myocardial ische-
mia-reperfusion injury: a neglected therapeutic 

target. J Clin Invest 2013;123:92-100. 

14. Scott T, Swanevelder J. Perioperative Myocar-
dial Protection. Contin Educ Anaesth Crit Care 

Pain 2009;9:97-101. 

15. Dukhi A. Myocardial Protection During Car-

diac Surgery. Paper presented at: The Refresher 
Course in Discipline of Anaesthetics, Depart-

ment of Anaesthetics University of KwaZulu-

Natal; 2011 Apr 8; Durban, South Africa. 
16. Dabrowski W, Rzecki Z, Pilat J, Czajkowski M. 

Brain Damage in Cardiac Sugery Patients. Curr 

Opin Pharmacol 2012;12:189-94.  

17. Biedrzycka A, Kowalik M, Pawlaczyk R, 
Jagielak D, Swietlik D, Szymanowicz W, et al. 

Aortic cross clamping phase of cardiopulmo-

nary bypass related to decreased microvascular 
reactivity after short-term ischaemia of the the-

nar muscle both under intravenous and volatile 

anaesthesia: a randomized trial. Interact Cardi-
ovasc Thorac Surg 2016;23:770-8. 

18. Doenst T, Borger MA, Weisel RD, Yau TM, 

Maganti M, Rao V. Relation between aortic 

cross clamp time and mortality not as straight-
forward as expected. Eur J Cardiothorac Surg 

2008;33:660-5. 

19. Durukan AB, Gurbuz HA, Tavlasoglu M, Ucar 
HI, Yorgancioglu C. Beating Heart Mitral 

Valve Replacement Surgery without Aortic 

Cross-Clamping via Right Thoracotomy in a 
Patient with Compromised Left Ventricular 

Functions. J Tehran Heart Cent 2015;10:43-5. 

20. Shultz B, Timek T, Davis AT, Heiser J, Murphy 

E, Willekes C, et al. Outcomes in patients un-
dergoing complex cardiac repairs with cross 

clamp times over 300 minutes. J Cardiothorac 

Surg 2016;11:105. 
21. Gersak B, Sutlic Z. Aortic and Mitral Valve 

Surgery on the Beating Heart is Lowering Car-

diopulmonary Bypass and Aortic Cross Clamp 

Time. Heart Surg Forum 2002;5:182-6. 
22. Al-Sarraf N, Thalib L, Hughes A, Houlihan M, 

Tolan M, Young V, et al. Cross-clamp time is 

an independent predictor of mortality and mor-
bidity in low- and high-risk cardiac patients. Int 

J Surg 2011;9:104-9. 

23. Zhang C, Xu X, Potter BJ, Wang W, Kuo L, Mi-
chael L, et al. TNF-alpha Contributes to Endo-

thelial Dysfunction in Ischemia/Reperfusion In- 

References 



jury. Arterioscler Thromb Vasc Biol 2006;26: 

475-80. 
24. Souza DG, Teixeira MM. The balance between 

the production of tumor necrosis factor-alpha 

and interleukin-10 determines tissue injury and 
lethality during intestinal ischemia and reperfu-

sion. Mem Inst Oswaldo Cruz 2005;100 Suppl 

1:59-66. 

25. Meldrum DR, Cleveland Jr JC, Cain BS, Meng 
X, Harken AH. Increased Myocardial Tumor 

Necrosis Factor Apha in Crystalloid-Perfused 

Model of Cardiac Ischemia Reperfusion Injury. 
Ann Thorac Surg 1998;65:439-43. 

26. Gaines GC, Welborn 3rd MB, Moldawer LL, 

Huber TS, Harward TR, Seeger JM. Attenua-

tion of skeletal muscle ischemia/reperfusion in-
jury by inhibition of tumor necrosis factor. J 

Vasc Surg 1999;29:370-6. 

27. Chao Gao C, Liu Y, Yu Q, Yang Q, Li B, Sun 
L, et al. TNF-alpha antagonism ameliorates my-

ocardial ischemia-reperfusion injury in mice by 

upregulating adiponectin. Am J Physiol Heart 
Circ Physiol 2015;308:H1583-91. 

28. Luyten CR, van Overveld FJ, De Backer LA, 

Sadowska AM, Rodrigus IE, De Hert SG, et al. 

Antioxidant defence during cardiopulmonary 
bypass surgery. Eur J Cardiothorac Surg 2005; 

27:611-6. 

 

Crit Care Shock 2021 Vol. 24 No. 4 189 

29. Ilkun O, Boudina S. Cardiac Dysfunction and 

Oxidative Stress in the Metabolic Syndrome: an 
Update on Antioxidant Therapies. Curr Pharm 

Des 2013;19:4806-17. 

30. Hool LC. What cardiologist should know about 
calsium ion channels and their regulation by re-

active oxygen species. Heart Lung Circ 

2007;16:361-72. 

31. Verma S, Fedak PWM, Weisel RD, Butany J, 
Rao V, Maitland A, et al. Fundamentals of 

Reperfusion Injury for the Clinical Cardiolo-

gist. Circulation 2002;105:2332-6. 
32. Staib JL, Tumer N, Powers SK. Increased Tem-

perature and Protein Oxidation lead to HSP72 

mRNA and Protein Accumulation in the In 

Vivo Exercised Rat Heart. Exp Physiol 2009; 
94:71-80. 

33. Hampton CR, Shimamoto A, Rothnie CL, 

Griscavage-Ennis J, Chong A, Dix DJ, et al. 
HSP70.1 and -70.3 are required for late-phase 

protection induced by ischemic preconditioning 

of mouse hearts. Am J Physiol Heart Circ Phys-
iol 2003;285:H866-74. 

34. Wang y, Kawamura N, Shcmeizer JD, 

Schmeichel AM, Low PA. Decreased periph-

eral nerve damage after ischemia–reperfusion 

injury in mice lacking TNF-a. J Neurol Sci 

2008;267:107-11. 


	
	
	
	
	
	
	
	
	

