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INTRODUCTION: In context to the mechanism that potent oxidant radicals 

are produced within the first few minutes of reflow and play a crucial role in 

the development of reperfusion injury, the aim of our study was comparative 

evaluation of preconditioning versus post-conditioning versus combined pre- 

and post- conditioning on acute level of oxidative stress markers induced by 

forearm ischemia-reperfusion injury in healthy subjects.  

METHODS: A parallel group, open label, pilot study was carried out on 

healthy subjects. 40 healthy subjects were randomized to four different 

treatments (n=10/per group). Forearm Ischemia Reperfusion injury (IRI) 

(group I) was produced by inflation of non-dominant forearm cuff at 200mm 

Hg for 10 min and then reperfusion for 5 min. Pre-conditioning (group II), 

Post-conditioning (group III) and, both pre- and post- conditioning (group 

IV) treatments were also applied to subjects after forearm IRI. Various serum 

markers of oxidative stress were measured after 10, 30 and 60 min of 

reperfusion. Results were expressed as mean ± standard error mean and 

considered significant at p≤0.05. One-way and Two-way analysis of variance 

followed by Student-Newman-Keuls test was used.  

RESULTS: There was found an increase in thiobarbituric acid reactive 

substances level during oxidative stress at all time periods after IRI, but 

decrease in levels of nitric oxide, ascorbic acid, reduced glutathione, α-

tocopherol and catalase at 10 min and subsequently further increase in levels 

at 30 and 60 min of reperfusion.   

CONCLUSION: No synergistic effect was seen of combined pre- and post- 

conditioning in comparison to individual treatment. 
 

 
Copy Right, IJAR, 2015,. All rights reserved 

 

 

INTRODUCTION 
Although the reperfusion is beneficial for the survival of the ischemic tissue, yet reperfusion to previously ischemic 

tissue induces detrimental changes in myocardium resulting in inflammation, oxidative damage and cardiac 

dysfunction (Rohilla et al., 2011). The most common mechanisms and mediators of reperfusion injury may include 

oxygen free radicals, endothelial and microvascular dysfunction, intracellular calcium overload, and altered 

myocardial metabolism
 
(Hoffman et al., 2004). Bolli and colleagues have shown that potent oxidant radicals are 
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produced within the first few minutes of reflow and play a crucial role in the development of reperfusion injury, as 

the structures of both lipids and proteins are affected by them (Bolli et al., 1989). Reactive oxygen species (ROS) 

strongly interact with unsaturated bonds in lipids, leading to a chain reaction and formation of peroxides, hydro-

peroxides, aldehydes and conjugated dienes and thus, inactivation of several enzymes (Murin et al., 2001).
 
Although 

pre-clinical (Xing, 2008; Mahfoudh-Boussaid et al., 2012; Thomaz et al., 2013) and clinical studies (Ambros et al., 

2007; Zhao et al., 2009; Yang et al., 2011) have explored role of oxidative stress during pre-conditioning and post-

conditioning, none has explored yet acute effects on levels of markers of oxidative stress after pre-, post- and both 

combined pre- and post- conditioning in healthy subjects. The study is aimed to know the comparative and acute 

effect of preconditioning versus (vs.) postconditioning vs. combined pre- and post- conditioning on oxidative stress 

markers induced by forearm ischemia-reperfusion injury (IRI) in healthy subjects. 

 

MATERIALS AND METHODS 
A prospective, parallel group, open label study was carried-out on healthy subjects. The subjects were randomized 

into four groups (n=10/group) and assigned different treatments: subjects with IRI only (group I), with pre-

conditioning treatment (group II), post-conditioning treatment (group III), both pre- and post-conditioning treatment 

(group IV). The study was approved by Institutional clinical ethics committee (ICEC Clearance Number- 

ICEC/71/2013) of the institute (Punjabi University, Patiala). All healthy subjects had provided a written informed 

consent to participate after a full explanation of the study. All subjects were assessed for eligibility of 

inclusion/exclusion (I/E) criteria at baseline. I/E criteria stated inclusion of healthy male volunteers between the age 

of 18 to 35 years and able to give written informed consent, and exclusion of subjects with smoking habits or any 

significant medical illness requiring monitoring or treatment, cardiovascular disease, or risk factors for coronary 

artery disease. Fasting blood samples were obtained from all subjects. Both serum and plasma obtained from blood 

samples were then stored at -40º C until they were analyzed. Ischemia-reperfusion injury was produced by inflation 

of non-dominant forearm cuff at 200mm Hg for 10 min and then reperfusion for 5 min (Kilian et al., 2005). 

Preconditioning was achieved by three min cuff inflation at 200mm Hg separated by three min deflation preceding 

IR at 200 mm Hg by a further five min (Kilian et al., 2005). Post-conditioning was produced by three cycles of 

reperfusion followed by ischemia (each lasting ten or 30 seconds) applied immediately after ten minutes of arm 

ischemia (Loukogeorgakis et al., 2012). Detailed plan of assigning different treatments and procedures are described 

in table I. Various biomarkers of oxidative stress were estimated using spectrophotometer (DU 

640BSpectrophotometer, Beckman Coulter Inc. CA, USA). 

Estimation of thiobarbituric acid reactive substances (TBARS): 

Method of Liu et al., 1997, was used to measure malondialdehyde (MDA) concentration by estimating TBARS in 

serum (Liu et al., 1997; Narendra et al., 2008). The absorbance was noted at 532 nm against blank solution. A 

standard curve for TBARS was plotted using 1,1,3,3-tetramethoxypropane (Loba Chemie Pvt. Ltd., India). 

Estimation of catalase: 

Method of Luck, 1974, was used for the estimation of serum catalase enzyme level (Luck et al., 1974; Pathak and 

Pathak, 2012).  

Estimation of Ascorbic Acid: 

Method of Roe and Keuther, 1943, were used to estimate serum ascorbic acid levels (Roe and Kuether, 1943; 

Rutkowski and Grzegorczyk, 2007). 

Estimation of Alpha-tocopherol: 

Method of Rosenberg, 1992 was used for estimation of serum alpha-tocopherol levels (Rosenberg, 1992; Jayachitra 

et al., 2012).  

Estimation of Reduced Glutathione: 

Method of Moron et al., 1979, was employed for estimation of reduced glutathione [Moron et al., 1979; Parkash and 

Sudha, 2012). 

Estimation of Ferric Reducing Ability of Plasma (FRAP): 

Method of Benzie and Strain, 1999, was used for estimation of plasma FRAP levels [Benzie and Strain, 1999; 

Jansen and Ruskovska, 2013).  

Estimation of Serum Nitrite:  

Method of Sastry et al., 2003 was employed for estimation of serum nitrite (Sastry et al., 2002; Narendra et al., 

2007). Nitrate was first reduced to nitrite by copper-cadmium alloy. Nitrite thus formed was treated with 

sulphanilamide, a diazotizing agent, in the acidic medium to form transient diazonium salt. This intermediate was 

allowed to react with coupling reagent, N-naphthylethylenediamine (NED) to form stable pink colored azo 

compound. The pink color so developed was measured at 545 nm.  
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STATISTICAL ANALYSIS 
All data were analyzed using SPSS (Statistical Program for Social Sciences, version 17 for windows, 2007, SPSS 

Inc. Chicago, Illinois, USA) and Sigma Stat 3.2. Continuous variables were expressed as mean ± standard error 

mean and discrete variables were presented as percentages. One- and Two- Way analysis of variance (ANOVA) 

followed by Student-Newman-Keuls test were used to assess the difference between various treatments. Statistical 

significance was accepted at p≤0.05. 

 

RESULTS  
Clinical characteristic of subjects at baseline are presented in table II. All healthy young male volunteers (n=40) 

were in the age range of 18-35 years (mean age, 21 ± 0.36 years). None was obese or having high blood pressure 

(p>0.05) in any group at baseline. Figure 1-7 describes baseline and post treatment levels of oxidative stress markers 

in various groups. Figure 1, figure 2, figure 3, figure 4, figure 5, figure 6, and figure 7 shows the absolute 

serum/plasma levels of ascorbic acid, catalase, ferric reducing ability of plasma (FRAP), reduced glutathione, 

thiobarbituric acid reactive substances, alpha-tocopherol, and nitrite at baseline in healthy subjects, then after 

inducing IR injury (group I) and, after various conditioning treatments in group II, III and IV, respectively. The p 

values represent statistical significant comparison of levels of markers in all groups viz., II, III and IV versus group I 

and among themselves.    

In comparison to IR group, on an average, levels of ascorbic acid were decreased maximally and levels of 

FRAP minimally as  - 21.01% vs. -20.61% vs. -20.82% and ;  -5.64% vs. -5.93% vs. -6.26%,  after 10 min of IR 

injury;  similarly, catalase levels were increased maximally to 38.06% (in all groups) and FRAP levels minimally  to 

1.50% vs. 1.15%  vs. 1.78%,  after 60 min of IR injury, in pre-conditioned group (group II) vs. post-conditioned 

group (III) vs. combined pre- and post-conditioned group (IV), respectively. 

Table III shows association (Pearson Univariate correlation analysis) of MDA level with anti-oxidants 

levels at baseline and after 60 min of IR in different groups. Significant negative correlation was observed between 

MDA and FRAP level at baseline(r= -0.92, p=0.001). Similar pattern was observed for MDA and catalase after 60 

min of IR injury (r= -0.87, p=0.001). All other markers with respect to MDA did not show any significant 

correlation (all p>0.05). 

 

DISCUSSION 

Cardiovascular diseases are major contributors to mortality in developed countries (Parasuraman et al., 2010). 

Although few clinical studies have explored role of oxidative stress in IR injury, yet very scarce evidences are 

available that depicts timely and acute variation in oxidative stress markers after conditionings. 

ROS generation leads to lipid peroxidation of cell membranes (Talla and Veerareddy, 2011). The present 

findings of  acute (within 1 hr of IRI) increased levels of TBARS are supported by the results of Janssen et al., 1993, 

who reported increased levels of TBARS in tissue samples of cardioplegic heart after every 5 min upto 30 min in 

rats (Janssen et al., 1993). Another study by Cizova et al., 2004, reported increased serum TBARS levels in rat 

intestinal ischemic model after 30 and 90 min of reperfusion (Cizova et al., 2004)]. Present results of pre-

conditioning effect are supported by the study of Montalvo-Javé et al., 2011, that too lead to decrease in TBARS 

level in liver biopsy samples after 2, 4, 8, 12 and 24 hour of reperfusion in ischemic rats (Montalvo-Javé et al., 

2011). Zhang et al., 2012, reported that post-conditioning too leads to decrease in tissue TBARS level in ischemic 

reperfusion induced myocardium in rats after 5, 10, 30, 60 and 120 min of reperfusion (Zhang et al., 2012). Lintz et 

al., 2013 had found that both ischemic pre- and post- conditioning decreased muscular levels of TBARS after 60 

min of reperfusion in skeletal muscle injury produced by ischemia and reperfusion in rats (Lintz et al., 2013). In 

present study, due to pre-conditioning, post-conditioning & combined pre- and post-conditioning there was decrease                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

in TBARS levels on an average of 19.6% at 10 min, 46.5% at 30 min and 25.8% at 60 min in each group, 

respectively. These results postulate that due to IR there may be increase in ROS levels which leads to more lipid 

peroxidation and hence enhanced TBARS levels, but, thereafter a decrease in TBARS levels may be due to 

protective effect of the treatments which attenuate the production of ROS and lipid peroxidation. Moreover, 

significant negative correlation between TBARS and FRAP level revealed that as oxidative stress increases 

antioxidant levels decreases. 

The anion nitrite (NO2
−
) constitutes a biochemical reservoir for nitric oxide (NO) (Gladwin et al., 2005). In 

this context, nitrite can be considered an “ischemic NO buffer,” maintaining hypoxic–ischemic NO homeostasis 

(Dezfulian and Raat, (2007). A study by Yang et al., 2004, has revealed that NO also acts as an intracellular 

signaling molecule implicated in the cardioprotective effects of pre-conditioning (Yang et al., 2004). Pagliaro et al., 

2004, reported the involvement of NO via the cGMP pathway in post-conditioning (Pagliaro et al., 2004). The 

http://cardiovascres.oxfordjournals.org/content/70/2/200.long#ref-32
http://cardiovascres.oxfordjournals.org/content/70/2/200.long#ref-32
http://cardiovascres.oxfordjournals.org/content/70/2/200.long#ref-32
http://cardiovascres.oxfordjournals.org/content/70/2/200.long#ref-32


ISSN 2320-5407                              International Journal of Advanced Research (2015), Volume 3, Issue 2, 289-302 

292 

 

present finding of acute increase in levels of NO are supported by the results of Gumustas et al., 2007, who reported 

decreased plasma and brain tissue NO levels after 60 min of reperfusion in rat cerebral IRI models (Gumustas et al., 

2007) and, Koken et al., 1999, who also reported decreased NO levels in rats models with liver IRI (Koken et al., 

1999). It has been reported that pre-conditioning leads to increase in NO levels in serum of fatty liver after 24 hours 

of reperfusion in rats (Jiang et al., 2013). No published evidence had been found to support the present 

investigations for effect of post-conditioning and combined pre- and post-conditioning on NO levels. Present results 

of average decrease of 18.48% NO levels in 10 min, and then increase of 10.59% in 30 and 8.91% in 60 min after 

reperfusion due to pre-conditioning, post-conditioning and combined pre- and post-conditioning, in each group, 

respectively, postulate that due to ischemia there was increase in NO as per defensive mechanism in ischemia but 

during reperfusion there was sudden rise in ROS which caused depletion of NO i.e. NO may be used up in 

scavenging hydroxyl radicals (Chan, 2002). Treatments showed protection by enhancing NO levels as they are 

important mediators in these treatments hence, decrease in ROS. Oxygen free radicals generated during early 

reperfusion play major role in maintenance of balanced redox status of body (Mohan et al., 2010; Mahmud et al., 

2012). 

Present study reported significantly lowered antioxidant enzymatic and non-enzymatic activities in IR 

group, possibly resulting from the depletion of antioxidant pool used for scavenging excess ROS due to IR. We 

found that antioxidant enzyme activities were significantly elevated suggesting that some redox enzymes may be 

over-expressed in IR and sub-lethal oxidative stress triggers natural protective mechanisms via up-regulation (Ucar 

et al., 2005). The opening of mitochondrial K-ATP channels is considered a pivotal step in the mechanism of pre-

conditioning (Kher et al., 2005)  

The present finding of acute increase in levels of catalase are supported by the results of Rasoulian et al., 

2008, who reported decreased tissue catalase levels after 24 hour in rat IRI model (Rasoulian et al., 2008); and, 

Khan et al., 2009, which too reported decreased catalase levels in rat myocardial tissue samples after 45 min of IRI 

(Khan et al., 2009). It has been reported that pre-conditioning leads to increase in tissue catalase level in kidney after 

24 hour of reperfusion in rat IRI model (Song et al., 2007). Similar to IPC, present study has found increased serum 

catalase levels after IPostC. These results are supported by studies of Yun et al., 2009 and, Zang et al., 2012, 

reported increased catalase levels in renal homogenates after 24 hour of reperfusion (Yun et al., 2009); and in 

myocardium after 15-90 min of reperfusion, respectively (Zang et al., 2012).  

The present finding of acute increase in levels of ascorbic acid are supported by study of Layton et al., 

1996, reported decreased levels of ascorbic acid after 90 min of reperfusion in microdialysis perfusates of rat model 

with hepatic ischemia. It has been reported that pre-conditioning leads to increase in ascorbic acid level in kidney 

after 15 and 60 min in rabbit IR injury model (Liu et al., 2010).   

The present finding of acute increase in levels of reduced glutathione (GSH) are supported by the results of 

Rasoulian et al., 2008, which reported decreased tissue GSH levels after 24 hour of reperfusion in rat IRI model and, 

Khan et al., 2009, too reported decreased GSH levels in rat myocardial tissue samples after 45 min of IRI. It has 

been reported that pre-conditioning leads to increased tissues GSH level in ischemic lungs after 30 min (Soncul et 

al., 1999) and in ischemic pulmonary vascular bed (Kandilci et al., 2006) in rats, respectively. Similar to IPC, 

present study has found increased serum GSH levels after IPostC. These results are supported by the study of  

Nedvig et al., 2011, who reported increased tissue GSH levels after 1, 3 and 6 hour of reperfusion in superior 

ischemic mesenteric artery in IRI models of rat (Nedvig et al., 2011).  

The present finding of acute increase in levels of α-tocopherol are supported by the results of Bhaskar et 

al., 1995, who reported decreased α-tocopherol levels in rat models with colon IRI (Bhaskar et al., 1995); and, 

Yoshikawa et al., 1991, reported decreased serum α-tocopherol levels after 30 and 60 min in rat models of gastric 

mucosal IRI (Yoshikawa et al., 1991). It has been reported that pre-conditioning leads to increase in tissue α-

tocopherol level in serum after 24 hours of reperfusion [57] and in plasma after 70 min of reperfusion in right renal 

artery of rat IRI models (Kadkhodaee et al., 2004), respectively.  

The present finding of acute increase in levels of FRAP are supported by study of Kadkhodaee et al., 2008, 

which reported decreased plasma FRAP levels in hemodialytic patients (Kadkhodaee et al., 2008). No published 

evidence had been found to support present findings for effect of pre-conditioning, post-conditioning and combined 

pre- and post-conditioning on FRAP levels. 

Present results of initial decrease in all antioxidant levels at ten min, and then increase at 30 and 60 min 

after reperfusion postulate that due to ischemia there was increase in antioxidants as per defensive mechanism in 

ischemia but during reperfusion there was sudden rise in ROS which caused depletion of antioxidants as all 

antioxidants were used up in overcoming the situation.  
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CONCLUSION 

Data from the present study also revealed that all the treatments had approximately similar level of acute effect on 

modulating markers of oxidative stress within one hour of reperfusion i.e. none was better than other. Present study 

has concluded that no synergistic effect was seen with combined pre- and post- conditioning as compared to 

individual treatment alone on markers of oxidative stress. 
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Table I: Detailed Plan of Treatments and Procedures 

 

Healthy Subjects Treatment Schedule 

Group I 

Healthy volunteers  

with IRI
11

 only 

Step 1: 2 ml blood was withdrawn before inducing IR to check normal levels of 

markers of oxidative stress. 

Step 2: IR was produced by inflation of non-dominant forearm cuff at 200mm Hg 

for 10 min and was reperfused for 5 min.  

Step 3: 5 ml blood was withdrawn after 10 min, then after 30 min and subsequently 

after 60 min of IR. 

Group II 

Healthy volunteers with 

preconditioning
11

 

Step 1: 2 ml blood was withdrawn before inducing IR to check normal levels of 

markers of oxidative stress. 

Step 2: Preconditioning was achieved by 3 min cuff inflation at 200mm Hg 

separated by 3 min deflation preceding IR at 200 mm Hg by a further 5 min. 

Step 3: IR was produced by inflation of non-dominant forearm cuff at 200mm Hg 

for 10 min and was reperfused for 5 min. 

Step 4:  5 ml blood was withdrawn after 10 min, then after 30 min and subsequently 

after 60 min of IR. 

Group III 

Healthy volunteers with 

postconditioning
12

 

Step 1 and Step 2: As step 1 and 2 in group 1 

Step 3: Post-conditioning, was produced by 3 cycles of reperfusion followed by 

ischemia (each lasting 10 or 30 seconds) applied immediately after 10 minutes of 

arm ischemia. 

Step 4: 5 ml blood was withdrawn after 10 min, then after 30 min and subsequently 

after 60 min of step 3. 

Group IV 

Healthy volunteers with  

Pre and Post-conditioning 

Step 1: 2 ml blood was withdrawn before inducing IR to check normal levels of 

markers of oxidative stress. 

Step 2: Preconditioning was achieved by 3 min cuff inflation at 200mm Hg 

separated by 3 min deflation preceding IR at 200 mm Hg by a further 5 min. 

Step 3: IR was produced by inflation of non-dominant forearm cuff at 200mm Hg 

for 10 min and was reperfused for 5 min. 

 Step 4: Post-conditioning, was produced by 3 cycles of reperfusion followed by 

ischemia (each lasting 10 or 30 seconds) applied immediately after 10 minutes of 

arm ischemia. 

Step 5: 5 ml blood was withdrawn after 10 min, then after 30 min and subsequently 

after 60 min of step 4. 

        IR: ischemia reperfusion, IRI: ischemia reperfusion injury 
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Table II: Clinical Characteristics of healthy subjects (at baseline) 

 

S. 

No. 

PARAMETERS Group 1 Group II Group III Group IV p values 

1 Age (years)  21 ± 0.36   20±.47 21±.24 22±.37 0.98 

2           Weight, kg  64.43 ± 1.47   67±1.23  65±1.23 64±1.34 0.96 

3          BMI, Kg/m²  22.18 ± 0.38  22.65±.58  21.76±.47 21.87±.69 0.99 

4          SBP, mm Hg 122.23 ± 0.69 121.45±.24  122.87±.45 122.23±.55  0.97 

5         DBP, mm Hg 79.53 ± 0.24  79.87±.32  78.98±.34 79.45±.47  0.93 

 

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure 

 

 

 

 

 

Table III: Pearson correlation of TBARS (oxidant) with various antioxidants levels (at baseline and after 60 min 

of IR injury in various groups 

 

 

 

 

* Represents statistical significant p values (all p<0.05); r: correlation value; FRAP: Ferric reducing ability of 

plasma; IRI: ischemia reperfusion injury 

 

 

 

 

 

 

 

 

S. 

No. 

Parameters Baseline Group I 

 

(IRI) 

Group II 

(Pre-

conditioning) 

Group III 

(Post- 

conditioning) 

Group IV 

 (Pre and Post 

conditioning) 

1. Ascorbic acid r -0.57 0.29 0.60 0.63 -0.71 

p 0.32 0.40 0.65 0.48 0.20 

2. Reduced 

Glutathione 

r 0.32 0.69 0.31 0.74 -0.12 

p 0.60 0.25 0.37 0.12 0.78 

3. Alpha-

Tocopherol 

r 0.81 0.67 0.63 0.63 0.28 

p 0.95 0.31 0.47 0.47 0.47 

4. Catalase r 0.27 -0.87 0.19 0.38 0.19 

p 0.67 0.01* 0.59 0.26 0.59 

5. FRAP r -0.92 -0.18 0.76 0.78 0.42 

p    0.01* 0.61 0.83 0.63 0.21 
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