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ABSTRACT

Aim of present study was to determine the participation
of various biomarkers of oxidative damage: nitrite (NO,),
superoxide anion radicals (O,), index of lipid peroxidation
(TBARS) and hydrogen peroxide (H,0,) in coronary circu-
lation after application of the different models of precondi-
tioning such as ischemic and preconditioning with proton
pump inhibitors.

Examining a biochemical markers of oxidative damage
we did not notice any increased production values of any pa-
rameter, according to that we can hypothesize that possible
occurrence of reperfusion injury after ischemia and PPIs pre-
conditioning is not mediated by this mechanism.

Due to the very difficult and controversial application of
ischemic preconditioning in clinical practice, the results of
this study suggest that in the future proton pump inhibitors
can contribute to the prevention of myocardial damage fol-
lowing ischemia

Keywords: ischemic preconditioning, myocardial infarc-
tion, proton pump inhibitors, oxidative stress

INTRODUCTION

There is no doubt that myocardial ischemia (MI) is one
of the major causes of morbidity and mortality worldwide.
Various medical and surgical strategies have been devel-
oped over the years in order to minimize the deep and
devastating effects on metabolism and myocardial con-
tractility as well as the sustainability of myocytes due to
acute myocardial infarction (AMI). Approaches vary, but
usually include the use of thrombolytic agents, antago-
nist -adrenergic receptor, inhibitors of angiotensin con-
verting enzyme (ACE), the use of antioxidants, the use of
transluminal coronary angioplasty, coronary artery bypass
grafting. One of the few interventions that are universally
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SAZETAK

Cilj ove studije bio je ispitati uclesce razlicitih biomarkera
oksidacionog ostecenja : nitrita (NO,), superoksid anjon ra-
dikala (O,), lipidnih peroksida (TBARS) i vodonik peroksida
(H,0,) pri primeni razlicitih vrsta prekondiconiranja kao sto
su prekondicioniranje ishemijom i prekondicioniranje lekovi-
ma iz grupe inhibitora protonske pumpe.

S obzirom da ispitujuéi biohemijske markere oksida-
cionog ostecenja nismo uocili da je doslo do pojacane produk-
cije vrednosti bilo kog parametra, mozemo pretpostaviti da
eventualni nastanak reperfuzione povrede nakon prekondi-
cioniranja ishemijom i lekovima iz grupe inhibitora proton-
ske pumpe nije posredovan ovim mehanizmom.

Zbog veoma teske i kontroverzne primene ishemijskog
prekondicioniranja u klinickoj praksi, rezultati ove studije
sugerisu da u buducnosti lekovi iz grupe inhibitora proton-
ske pumpe mogu imati svoj doprinos u prevenciji ostecenja
miokarda nakon ishemije.

Kljucne reci: ishemijsko prekondicioniranje, infarkt
miokarda, inhibitori protonske pumpe, oksidacioni stres

accepted and still causes a great deal of attention by the sci-
entific world is certainly a phenomenon of heart ischemia
preconditioning (1).

Over time, a growing number of studies observed dif-
ferent models and effects of preconditioning (2, 3). Precon-
ditioning stimulus itself leads to the start of the whole cas-
cade of endogenous adaptive mechanisms that ultimately
result in the development of tolerance. It was also shown
that preconditioning is powerful mechanism that protects
the myocardium from ischemic damage, to reduce the oc-
currence of arrhythmia, and that has a role in maintaining
contractility of the cardiac muscle (4).
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The mechanism of the formation of reactive oxygen
species (reactive oxygen spieces - ROS) is very important
in the process of reperfusion injury and experimental stud-
ies have shown that reperfusion after ischemia generates
oxidative stress, which can then be intermediary for myo-
cardial infarction. The oxygen that reaches infarction who
had previously suffered ischemia, leads to the formation
of free radicals, primarily superoxide, hydroxyl radicals,
peroxynitrite, which just in the first few minutes of es-
tablishing blood flow leads to the development of reper-
fusion injury. ROS can occur as a result of the activation,
and neutrophil accumulation during reperfusion resulting
in the release of platelet activating factor derived from the
endothelium, which attract neutrophils and enhance the
production of ROS as well as the degree of reperfusion in-
jury. During reperfusion, oxidative stress has also reduces
the bioavailability of intracellular signaling molecules such
as nitric oxide, thereby negating its cardio protection (5, 6).

Since the goal of any kind of preconditioning is to re-
duce infarct size, the available literature data that can be
found today used a wide variety of pharmacological agents,
among them also proton pump inhibitors (PPI).

Gomes and his associates in its two research looked at
the role of omeprazole and pantoprazole as possible pre-
conditioning agents. In a study with omeprazole is observed
that the drug significantly contribute to a recovery in iso-
lated rat heart after injury caused by myocardial ischemia
and reperfusion. Similar conclusions are performed from a
survey conducted with pantoprazole on isolated rat heart
and same findings we have from our previous work (7-9).

According to all previous our aim was to determine the
participation of various biomarkers of oxidative damage:
nitrite (NO,’), superoxide anion radicals (O,), index of lip-
id peroxidation (TBARS) and hydrogen peroxide (H,0,) in
coronary circulation after application of the different mod-
els of preconditioning such as ischemic and precondition-
ing with proton pump inhibitors.

MATERIAL AND METHODS
Preparation of isolated rat hearts

The hearts of male Wistar albino rats (n=36, 12 in each
experimental group, body mass 180-200 g) were excised
and perfused on a Langendorff apparatus (Experimetria
Ltd, 1062 Budapest, Hungary). After a short-term ket-
amine/xylasin narcosis, animals were killed by cervical dis-
location (Schedule 1 of the Animals/ Scientific Procedures,
Act 1986, UK), and premedicated with heparin as an anti-
coagulant. After emergency thoracotomy and rapid cardi-
ac arrest by superfusion with ice-cold isotonic saline, rap-
idly excised, the aortas were cannulated and retrogradely
perfused under a constant perfusion pressure (CPP). The
composition of the non-recirculating Krebs-Henseleit
perfusate was as follows (mM): NaCl 118, KCI 4.7, CaCl,
x2H,0 2.5, MgSO, x7H,0 1.7, NaHCO, 25, KH, PO, 1.2,

glucose 11, pyruvate 2, equilibrated with 95 % O, plus 5%
CO, and warmed to 37°C (pH 7.4). Immediately after the
restoration of normal heart rhythm, through the created
entrance to the left atrium of the heart and damaged mitral
valve, the sensor (transducer BS473-0184, Experimetria
Ltd, Budapest, Hungary) was inserted into the left ventri-
cle for continuous monitoring of cardiac function.

Physiological assay and experimental protocol

All study groups underwent 30 min perfusion at CPP of
70 cm H,O. In control group (CG) after stabilization peri-
od, hearts were subjected to global ischemia (perfusion was
totally stopped) for 20 minutes and 30 minutes of reperfu-
sion (Protocol 1). Hearts of group II (IPC) were submitted
to ischemic preconditioning lasting 2 minutes of ischemia
and 4 minutes of reperfusion before global ischemia of 20
minutes and 30 minutes of reperfusion (Protocol 2). Third,
fourth and fifth groups were groups with pharmacologi-
cal preconditioning (proton pump inhibitors). All of these
groups first underwent preconditioning lasting 5 minutes
with 100puM of drug (omeprazole, pantoprazole and lan-
soprazole) then submitted 20 minutes of ischemia and 30
minutes of reperfusion (Protocol 3).

In control group, coronary venous effluent was collected
in point of stabilization (S), in first point of reperfusion (R1)
and on every 5 minutes in period of reperfusion (R1-R7). In
group with ischemic preconditioning coronary venous efflu-
ent was collected in point of stabilization (S), in each point on
every minute of 4 minute reperfusion period (RP1-RP4) and
from first to the last point of 30 minutes reperfusion period
on every 5 minutes (R1-R7). In groups of pharmacological
preconditioning coronary venous effluent was collected in
point of stabilization (S) and from first to the last point of 30
minutes reperfusion period on every 5 minutes (R1-R7).

Drugs

All drugs were purchased from Sigma—Aldrich Chemie
GmbH, Germany.

Biochemical Assays

In the collected samples of coronary venous effluent,
following markers of oxidative stress were measured spec-
trophotometrically: (1) index of lipid peroxidation (mea-
sured as TBARS—thiobarbituric acid reactive substanc-
es); (2) nitrites (NO,"); (3) hydrogen peroxide (H,0,); (4)
superoxide anion radical (O,").

Index of lipid peroxidation

The degree of lipid peroxidation in the coronary venous
effluent was estimated by measuring TBARS using 1 % thio-
barbituric acid (TBA) in 0.05 NaOH incubated with the
coronary effluent at 100 °C for 15 min and read at 530 nm.
Krebs—Henseleit solution was used as a blank probe (10).



Nitrite determination

NO rapidly decomposes to form stable metabolite nitrite/
nitrate products. The nitrite (NO,") level was measured as an
index of NO production using the Griess reagent. A total of
0.5 ml of perfusate was precipitated with 200 pl of 30 % sulpho-
salicylic acid, vortexed for 30 min, and centrifuged at 3000xg.
Equal volumes of the supernatant and Griess reagent, contain-
ing 1 % sulphanilamide in 5 % phosphoric acid/0.1 % naphtha-
lene ethylenediamine dihydrochloride, were added, incubated
for 10 min in the dark, and read at 543 nm. The nitrite levels
were calculated using sodium nitrite as the standard (11).

Determination of superoxide anion radical

The level of the superoxide anion radical (O,”) was
measured by nitro blue tetrazolium (NBT) reaction in Tris
buffer with coronary venous effluent and read at 530 nm.
Krebs—Henseleit solution was used as a blank probe (12).

Determination of hydrogen peroxide

The measurement of H,O, is based on the oxidation of
phenol red by H,O, in a reaction catalyzed by horseradish
peroxidase (HRPO) (13). A volume of 200 I of perfusate
was precipitated with 800 1 of fresh phenol red solution
(PRS), along with 10 1 of 1:20 HRPO (made ex tempore).
An adequate volume of Krebs—Henseleit solution was used
for a blank probe (instead of coronary venous effluent).
The level of H,O, was measured at 610 nm.

Statistical analysis
For statistical analysis we examined three measured
points, first point was stabilization (S), second was the first

and the last point of 30 minutes reperfusion period (R1 and
R7). Values are expressed as mean + SE. Statistical analysis

Table 1. Statistical significance and results for all observed groups

was performed by ANOVA test. P values lower than 0.05
were considered to be significant.

Ethical Approval

The experimental protocol was approved by the Fac-
ulty of Medical Sciences Ethics Committee for the welfare
of experimental animals, University of Kragujevac, num-
ber 01-12149 and by Ministry of Agriculture, Forestry and
Water Management, Authority for Veterinary of Serbia
number 323-07-09426/2013-05.

RESULTS

Effects of ischemic and PPI preconditioning on index of
lipid peroxidation

Control group and group with pantoprazole leaded to
statistically significant difference between first and last
point of reperfusion. Although in all other groups we no-
ticed decreased levels of TBARS in reperfusion period that
results were not statistically significant. Except in group
were we applied lansoprazole, there were no difference
between values in point of stabilization compared to last
point of reperfusion (Table 1 and Figure 1).

Effects of ischemic and PPI preconditioning on nitrites

In all experimental groups we found decreased levels
of nitrites in reperfusion period. However in control and
group with lansoprazole there were no difference among
values in first and last point of reperfusion. When we com-
pared values in S point with values in R7 point we notice
that there were no statistical difference between these
points in control group and in groups with ischemic and
lansoprazole preconditioning (Table 2, Figure 2).

Table 2. Statistical significance and results for all observed groups

Index of lipid peroxidation (TBARS) Nitrites (NO,)
Points of Points of
interest/ Control 1P or LP PP interest/ Control 1P or LP PP
Groups Groups
SvsR1 P<0.05* P>0.05 P>0.05 P>0.05 P>0.05 SvsR1 P>0.05 P<0.01%* P>0.05 P<0.05* P<0.01%*
SvsR7 P<0.05* P>0.05 P<0.05* P<0.01%* P>0.05 SvsR7 P>0.05 P>0.05 P<0.01** P<0.05* P<0.05*
R1vsR7 P<0.01%* P>0.05 P>0.05 P>0.05 P<0.05% R1vsR7 P>0.05 P<0.01** | P<0.01** P>0.05 P<0.01**
Decrease Decrease
(-) or in- (-) or in-
crease (+) -43,92 -37,26 - 58,98 -23,28 -27,83 crease (+) -39,79 -33,69 - 46,97 -29,86 -28,83
values R7 values R7
vs R1 (%) vs R1 (%)
Decrease Decrease
(-) or in- (-) or in-
crease (+) -25,16 -15,80 -55,66 -25,17 -19,81 crease (+) -33,18 -4,99 -34,16 -15,97 -14,79
values R7 values R7
vs S (%) vs S (%)
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Effects of ischemic and PPI preconditioning on superox-
ide anion radical

In groups with ischemic and preconditioning with panto-
prazole we found statistically significant increase in values of
superoxide anion radical in period of reperfusion. Moreover in
group with lansoprazole preconditioning in same examined pe-
riod we showed statistically significant decrease of these values.
There were no significant difference between values in S point
and values in R7 point in examined groups (Table 3, Figure 3).

Effects of ischemic and PPI preconditioning on hydrogen
peroxide

Ischemic and PPI preconditioning had statistically sig-
nificant effect on values of hydrogen peroxide in reperfu-

% 40 -
I35 - B
.§3o—
£ 25 -
S 20 -
S5 -
@ 10 -
g5
0_
. 2N = NSy SN SN O
a oo g X @ @ @ x x
@© @ xxoe o
g £
< [J]
8 ey
= &
Protocol 2
g
E40- D
= 35 -
£
2 20 -
215 -
2 10 -
2 5
kol - - - -
TS AR IR
N
x\e@
&
Protocol 3

Figure 1. Figures represent changes in values of index of lipid peroxida-
tion for all observed groups. A: control group, B: group with ischemic
preconditioning, C: preconditioning with omeprazole, D: precondition-
ing with lansoprazole, E: preconditioning with pantoprazole

sion period. In these groups we found decreased values in
R7 point compared to R1 point. There were no significant
changes in control group. Moreover, in control group,
group with ischemic and omeprazole preconditioning we
found that there is no difference between values in S point
compared to values in R7 point of examined parameter
(Table 4, Figure 4).

DISCUSSION

Determining the level molecule such as: nitric oxide in
the form of nitrite, superoxide anion radicals and hydrogen
peroxide and marker of oxidative damage (index of lipid
peroxidation) in the coronary venous effluent, we wanted
to determine whether ischemic preconditioning and phar-
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macological preconditioning with PPIs have a positive or
negative effect on the free radical production during reper-
fusion. Myocardial reperfusion injury is an essential conse-
quence of re-establishing the flow after ischemia. Although
the exact mechanisms that can protect the myocardium
from the occurrence of the injury or which it can allevi-
ate not yet been adequately investigated, the interest in this
problem still remain.

Our results show that drugs called proton pump inhibi-
tors significantly reduced the concentration of nitric oxide
in reperfusion period compared to the last point and the
point of stabilization, but that is largely decreased of ni-
trite caused by omeprazole. Control group had decrease
in nitrite values for 33.18% in reperfusion period. The less
reduction in the value of exempt nitrite showed the group
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Figure 2. Figures represent changes in values of nitrites for all observed
groups. A: control group, B: group with ischemic preconditioning, C: pre-
conditioning with omeprazole, D: preconditioning with lansoprazole, E:
preconditioning with pantoprazole

where myocardium was preconditioned with ischemia
(Table 2, Figure 2).

The importance of nitric oxide in the I/R injury of the
myocardium is especially great due to its reaction with
superoxide anion radical resulting in the generation of
peroxynitrite (14-16). Peroxynitrite (ONOO") can cause
oxidation of the protein as well as lipid peroxidation (14).
Our results could be interpreted in the light of these facts,
because all groups reduced the release of superoxide anion
radicals which can be spent on administration to create
peroxynitrite by reaction with nitrogen oxide whose values
are also in decline.

Review that at the end of the twentieth century posted
Nonami et al., indicates that based on a critical review of
previously published works, one cannot claim with cer-
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Table 3. Statistical significance and results for all observed groups

Superoxide anion radical (O,)

values R7 vs

S (%)

Points of
interest/ Control i or LP PP
Groups
SwvsR1 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
SvsR7 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
R1vsR7 P>0.05 P<0.05% P>0.05 P<0.05% | P<0.05%
Decrease (-)
or increase (+)
-37,72 +107,28 -37,73 -56,22 +181,83
values R7 vs
R1 (%)
Decrease (-)
or increase (+)
-47,30 -39,46 -26,92 -38,57 -13,87
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Figure 3. Figures represent changes in values of superoxide anion radical
for all observed groups. A: control group, B: group with ischemic precon-
ditioning, C: preconditioning with omeprazole, D: preconditioning with
lansoprazole, E: preconditioning with pantoprazole

tainty that neither donors nor precursors of nitric oxide,
as well as inhibitors of nitric oxide synthase sufficient to
prevent I/R injuries. In conclusion they indicated that
nitric oxide may have different effects in terms of myo-
cardial protection and all depending on the time of its ap-
plication (17).

Although the superoxide anion radical is a highly
reactive molecule, in the physiological conditions this
molecule almost immediately after the creation has been
translated into hydrogen peroxide using mitochondrial
(Mn-SOD) and cytosolic (Cu / Zn-SOD), superoxide
dismutase. Further, hydrogen peroxide under the action
of the enzyme catalase is converted into oxygen and wa-
ter. However, under certain circumstances, superoxide
anion radical can avoid the cascading time, with conse-
quent production of ROS leading to oxidative damage
(14, 18, 19).
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Table 4. Statistical significance and results for all observed groups

Hydrogen-peroxide (H,0,)

Points of
interest/ Control P or LP PP

Groups

SvsR1 P<0.05* P>0.05 P>0.05 P<0.05* | P<0.05*

SvsR7 P>0.05 P>0.05 P>0.05 P<0.01** | P<0.05*

R1vsR7 P>0.05 P<0.05% | P<0.01** | P<0.05* | P<0.01**

Decrease (-)

or increase (+)

-51,65 -37,29 -22,57 -21,27 -30,02

values R7 vs
R1 (%)

Decrease (-)

or increase (+)

-11,40 -28,56 -26,85 -15,70 -16,10

values R7 vs
S (%)
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N
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Figure 4. Figures represent changes in values hydrogen peroxide for all
observed groups. A: control group, B: group with ischemic precondition-
ing, C: preconditioning with omeprazole, D: preconditioning with lanso-
prazole, E: preconditioning with pantoprazole

Our results may be seen from the table and graphics (Ta-
ble 3, Chart 3), indicating reduced release of superoxide an-
ion radical, which is not statistically significant in either study
group when comparing the last point of reperfusion and val-
ues at point of stabilization. Decrease in superoxide anion
radicals by active metabolite of omeprazole showed Wan-
dall early nineties of the last century on the model of isolated
polymorphous (20). In a study in isolated rabbit hearts, Omar
et al. came to the conclusion that ischemic precondition-
ing is not mediated by superoxide anion radicals. Research
by various laboratories indicated that the generation of ROS
plays a vital role in the oxidative damage after ischemia and
in the protection of the myocardium. This paradox may be
explained by the specific regulatory resources ROS (14).

When it comes to hydrogen peroxide, we saw that after
the application of drugs from the group of PPIs percentage
drop in values when we compared the point R7 relative to S.
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The values of hydrogen peroxide from the coronary venous
effluent had the same trend and in the control group or the
groups with the ischemic preconditioning (Table 4, Chart 4).

Pantoprazole in a study conducted in an animal model
of rats showing its anti-oxidant and cytoprotective effects
(21, 22). Same ability lansoprazole showed also (23). As far
as preconditioning with ischemia, Gozal et al. on the model
of the dog heart have shown that this type of prevention of
myocardium injury leads to a reduction in the concentra-
tion of hydroxyl radicals, and thus concluded that ischemic
preconditioning does not cause oxidative damage (24).

Although in our study there was no evidence that precon-
ditioning ischemia as well as proton pump inhibitors reduces
the value of hydroxyl radicals, due to the overall reduction of
all parameters of oxidative damage it can be indicated pos-
sible the same scenarios as in the previously described studies.

The process of lipid peroxidation may occur through
non-enzymatic and be mediated by reactive oxygen spe-
cies resulting in the formation of malondialdehyde (MDA).
Exposure to high levels of lipid peroxidation products can
cause a variety of cellular responses, ranging from acute
toxic to the inhibition of cell proliferation (25).

Our results showed that in all groups, there was a decrease
in the values of superoxide anion radicals and hydrogen per-
oxide. How O, leads to lipid peroxidation of membranes of
endothelial cells, reduction of the levels of these pro-oxidant
is in correlation with the lower values of lipid peroxidation
(TBARS) (16). Reducing TBARS values can be traced through
all the experimental groups, which clearly shows the percent-
age drop in the value of the point R7 in relation to point of
stabilization. The difference between the values at the end of
reperfusion, and the basal value at the beginning of the ex-
periment did not differ statistically in a group where we ex-
ecuted ischemic preconditioning and preconditioning with
pantoprazole. This might be a sign that in these groups after a
large percentage drop during reperfusion period at the end of
reperfusion established that lipid peroxidation and there were
no deferens between R7 and S (Table 1, Figure 1).

In the group where omeprazole was applied we found
that there has been a decline in the values in the reperfu-
sion period compared to stabilization for 55.56%. Moreover
as in this group came up almost the largest decrease in the
concentration of hydrogen peroxide, it can be assumed that
lipid peroxidation due to at least because the minimum pro-
duction of hydroxyl radicals. Hayashi et al. on the model
of isolated rat liver showed that omeprazole decreases the
values of lipid peroxidation (26) while on indomethacin-in-
duced gastritis in rats demonstrated that administration of
omeprazole prevent an increase in TBARS values (27).

CONCLUSION

Examining a biochemical markers of oxidative damage we
did not notice any increased production values of any param-
eter, according to that we can hypothesize that possible occur-
rence of reperfusion injury after ischemia and PPIs precondi-
tioning is not mediated by this mechanism.

Due to the very difficult and controversial applica-
tion of ischemic preconditioning in clinical practice,
the results of this study suggest that in the future drugs
called proton pump inhibitors can contribute to the pre-
vention of myocardial damage following ischemia, espe-
cially because these days this group of drugs is one of
the most prescribing.
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