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Summary

Kratak sadr`aj

Background: In this study, the effects of olmesartan therapy
on asymmetric dimethylarginine (ADMA), symmetric dimethylarginine (SDMA), L-arginine and inducible nitric
oxide synthase (iNOS) levels were investigated in patients
undergoing cardiopulmonary bypass.
Methods: Patients were randomly allocated to two groups,
control and olmesartan. Olmesartan was administered 30
mg once a day beginning from preoperative day 5 to postoperative day 28 and on operation day. Blood was drawn
from all patients and ADMA, SDMA, L-arginine and iNOS
levels were analyzed at six time points (T1: before anesthesia induction, T2: during cardiopulmonary bypass, T3: five
min after the cross-clamp was removed, T4: after protamine infusion, T5: on postoperative day 3 and T6: on postoperative day 28).
Results: In the olmesartan treated group, iNOS levels exhibited significant decreases at T2, T3, T4, T5 and T6 time
points compared with control group (p<0.001, p<0.05,
p<0.001, p<0.01, p<0.05 respectively). ADMA levels
were significantly lower in olmesartan treated group than in
control group at T3, T4, T5 and T6 time points (p<0.05,
p<0.05, p<0.05, p<0.01 respectively). SDMA levels at

Uvod: U ovoj studiji ispitivan je uticaj terapije olmesartanom
na nivoe asimetri~nog dimetilarginina (ADMA), simetri~nog
dimetilarginina (SDMA), L-arginina i inducibilne azot-oksid
sintaze (iNOS) kod pacijenata podvrgnutih kardiopulmonarnom bajpasu.
Metode: Pacijenti su nasumi~no podeljeni u dve grupe, kontrolnu i le~enu olmesartanom. Grupa olmesartan dobijala je
30 mg jednom dnevno po~ev od petog dana pre operacije
do 28. dana posle operacije i na dan operacije. Uzorci krvi
sakupljeni su od svih pacijenata i analizirani su nivoi ADMA,
SDMA, L-arginina i iNOS u {est vremenskih ta~aka (T1: pre
davanja anestezije, T2: tokom kardiopulmonarnog bajpasa,
T3: pet minuta po{to je uklonjena aortna klema, T4: posle
infuzije protamina, T5: tre}eg dana posle operacije i T6: 28.
dana posle operacije.
Rezultati: U grupi le~enoj olmesartanom nivoi iNOS pokazali su zna~ajan pad u ta~kama T2, T3, T4, T5 i T6 u pore|enju s kontrolnom grupom (p<0,001, p<0,05, p<0,001,
p<0,01, p<0,05). Nivoi ADMA bili su zna~ajno ni`i u grupi
tretiranoj olmesartanom nego u kontrolnoj grupi u vremenskim ta~kama T3, T4, T5 i T6 (p<0,05, p<0,05, p<0,05,
p<0,01). Nivoi SDMA u vremenskim ta~kama T2, T3 i T6
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T2, T3 and T6 time points were higher in control group
than olmesartan group. L-Arginine levels were significantly
higher at T2 and T3 time points in olmesartan treated
group than control group (p<0.001, p<0.01).
Conclusions: It was concluded that administration of olmesartan reduced plasma ADMA, SDMA, iNOS levels and
enhanced L-arginine level in CPB time and it could reduce
potential postoperative complications through reducing oxidative stress and inflammatory response in the postoperative period after coronary bypass surgery.

bili su vi{i u kontrolnoj nego u grupi tretiranoj olmesartanom.
Nivoi L-arginina bili su u vremenskim ta~kama T2 i T3
zna~ajno vi{i u grupi koja je dobijala olmesartan u odnosu na
kontrolnu grupu (p<0,001, p<0,01).
Zaklju~ak: Zaklju~eno je da primena olmesartana sni`ava
nivoe ADMA, SDMA i iNOS u plazmi i podi`e nivo L-arginina
u vreme kardiopulmonarnog bajpasa te da bi mogla redukovati potencijalne postoperativne komplikacije kroz smanjenje
oksidativnog stresa i inflamatornog odgovora u postoperativnom toku posle operacije koronarnog bajpasa.

Keywords: asymmetric dimethylarginine (ADMA),
symmetric dimethylarginine (SDMA), L-arginine, cardiopulmonary bypass (CPB), renin–angiotensin system

Klju~ne re~i: asimetri~ni dimetilarginin (ADMA), simetri~ni dimetilarginin (SMDA), L-arginin, kardiopulmonarni
bajpas, sistem renin–angiotensin

Introduction
Cardiopulmonary bypass (CPB) is an important
part of many cardiothoracic procedures but it is
known to be related to an excessive undesirable systemic inflammatory response and the cardiac biomarkers released in reaction to CPB and surgical trauma.
During extracorporeal circulation, blood and its elements are continuously in contact with artificial surfaces (1). As a result, the activation of leukocytes, production of free oxygen radicals, arachidonic acid
metabolites, platelet-activating factor (PAF), nitric
oxide cause a systemic inflammatory response. There
is a crucial link between the systemic inflammatory
response and several postoperative complications
such as respiratory failure, pulmonary damage and
brain damage.
Upregulation of inducible nitric oxide synthase
(iNOS) is induced by proinflammatory mediators such
as interferon (IFN) regulatory factor-1, nuclear factorkB (NF-kB), IL6 and tumor necrosis factor a (TNF-a)
(2). Myocardial iNOS2-derived NO, as a source of
myocardial ROS may contribute to the formation of
lethal brady-arrhythmia, LV hypertrophy and dilatation
(3). Induction of iNOS was identified during CPB (4).
Many experimental and clinical studies have
demonstrated that increases in the renin–angiotensin–aldosterone system (RAAS) activity stimulate
development, instability and rupture of atherosclerotic plaques by the activation of vascular inflammatory
response (5). In addition, angiotensin II (ang II) impairs NO bioavailability and induces oxidative stress,
resulting in endothelial dysfunction. Moreover, RAAS
might be activated during cardiac surgery (6).
L-arginine is a foremost player in the regulation
of vascular health and homeostasis, because arginine
is essential in the synthesis pathway of NO (7). In this
regard, deficiency of arginine contributes to the development of high blood pressure and endothelial cell
dysfunction. Asymmetric dimethylarginine (ADMA),
an endogenous inhibitor of nitric oxide synthase (NOS),
is produced by protein N-arginine methyltransferase
(PRMT) and dimethylarginine dimethylaminohydro-

lase (DDAH) catalyzes the hydrolysis of ADMA (8).
Type II PRMT produce symmetric dimethylarginine
(SDMA) (9). SDMA is not able to inhibit NOS.
Oxidative stress increases the activity of PRMT and
attenuates induction of DDAH. ADMA diminishes NO
bioavailability, leading to disturbed vasodilatation,
antithrombotic, antiinflammatory and antiapoptotic
actions that are associated with cardiovascular pathology. ADMA is taken up by endothelial cells and this
competitive action inhibits the cellular uptake of arginine and NO production. On the other hand, increased concentrations of arginine may prevent harmful
effects of ADMA (10). High ADMA levels have been
determined in various cardiac diseases such as atherosclerosis, hypertension, diabetes. It has been reported
that ADMA has prognostic capacities for disease
progression and mortality in heart failure patients
(11).
In this study, we investigated the effect of an
angiotensin type II receptor antagonist (olmesartan)
on ADMA, SDMA, iNOS and arginine serum levels
during coronary artery bypass grafting done with CPB
technique at six different time points, and thus we
aimed to attempt different prophylactic strategies to
improve clinical outcomes following CPB.
Materials and Methods
This clinical study was approved by the Local
Ethics Committee. Informed consent was obtained.
The study was performed in conformance with the
Declaration of Helsinki ethical guidelines.
Patients
This prospective randomized study included 50
patients who were aged between 30 and 80. We excluded patients who had thyroid disease, congestive
heart failure, chronic renal failure, liver failure, coagulation disorder, hypertension, diabetes mellitus,
chronic lung disease, active infections or malignancy;
patients who had undergone heart surgery or reoperations due to myocardial infarction in the previous
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month; patients who had ejection fraction less than
30% or heart rate less than 60/min; patients who
were being treated with corticosteroids, salicylates,
dipyridamole, anticoagulants or thrombolytics. We
included all patients who had coronary artery disease
and all of them were taken into the program for elective coronary bypass surgery.
The 50 patients included in the study were divided into 2 study groups. 1) Control group (n=25): no
drug was given to patients. 2) Olmesartan group
(n=25): olmesartan was started with 10 mg/day
orally 5 days before surgery, 30 mg was given on the
day of surgery, and 10 mg/day was given after surgery during 35 days.

Surgical procedures
Anesthesia induction and maintenance were
similar for all patients and consisted of weight-appropriate doses of midazolam (0.1 mg/kg induction;
0.8 mg/kg/min maintenance), vecuronium (0.1
mg/kg induction) and fentanyl (20–40 mg/kg induction; 0.3–1 mg/kg/min maintenance).
The surgical approach was always performed
through a standard median sternotomy. Vena
saphena magna and the left internal mammary artery
were prepared for use as a graft. The patients were
anticoagulated with 3 mg/kg of heparin (Nevparin,
Mustafa Nevzat). After heparinization the ascending
aorta was cannulated with an arterial cannula, a twostage venous cannula and an antegrade cardioplegia
catheter was placed in the right atrium. When the
activated clotting time (ACT) was greater than 450
seconds, CPB was partially initiated. Pulsatile roller
pump (Stockert Instrumente, Germany) and a membrane type oxygenator (Dideco D 708 simplex III,
Italy) were used. The pump prime solution contained
2000 mL of lactated Ringer’s solution to maintain
hematocrit at a level of 20%. The body temperature
of the patient was cooled down to 28–30 °C.
Following cardiac arrest, an aortic cross-clamp was
placed (full CPB). Cold crystalloid cardioplegic solution (15 mL/kg, 4 °C) was administered via an antegrade cardioplegia catheter at 100 –110 mm Hg
pressure. Prepared in cold blood cardioplegia (200
ml + 800 mL of blood Plegisol, Hb: 80 g/L), it was
administered at 400 mL every 20 minutes in patients
weighing less than 80 kg; 500 mL was administered
in patients over 80 kg. Pump flow was set at 2.2–2.4
L/m/m2 to maintain the mean pulsatile arterial pressure between 50– 80 mmHg.
According to coronary artery involvement, before the right coronary artery, the circumflex artery
and its branches and left internal mammary artery
were anastomosized to the anterior descending
artery. All proximal anastomoses were performed under cross-clamping except for the left internal mammary artery. After all anastomoses the hot (36 °C)

blood cardioplegia (hot shot, 3–4 min then 500 mL)
was administered before removing the cross-clamp.
When the blood pressure and temperature returned
to normal, CPB was terminated. Arterial and venous
cannulas were neutralized with heparin protamine
sulfate (protamine, Roche) and then removed.
After epicardial pacing wires and chest tubes
were placed, sternal incision was then closed and the
patients were transferred to an intensive care unit.

Biochemical analysis
In all patients, to evaluate the levels of ADMA,
SDMA, arginine, iNOS and hsCRP, blood samples
were collected at six different time points. T1: before
anesthesia induction, T2: during cardiopulmonary
bypass, T3: five min after the cross-clamp was removed, T4: after protamine infusion, T5: postoperative day 3 and T6: postoperative day 28.
Five mL of blood was taken for each tube and
collected in tubes with ethylenediaminetetraacetic
acid (EDTA). To measure plasma levels of ADMA,
SDMA, L-arginine and iNOS, the blood samples were
centrifuged for 15 min at 1000 rpm at 4 °C and
frozen at −80 °C until assayed.
ADMA, SDMA and L-arginine levels were measured using the High Performance Liquid
Chromatography (HPLC) method via EUREKA brand
test kits (Catalog No.: Z58010). The MS was operated in positive multiple reaction mode (MRM). The
assay was linear over the range 50–1000 ng/mL.
Within-batch precision at 100 ng/mL was < 10% (n
= 138) and the between-batch precision was < 8%.
Levels of iNOS were determined with an EnzymeLinked Immunosorbent Assay (ELISA) method using
CUSAB O (Catalog No.: CSB-E08148h) brand test
kits.
In addition, in all patients chest X-ray, complete
blood tests (hemoglobin, hematocrit, leukocytes,
platelets), blood sedimentation rate, and routine biochemical (glucose, total, AST, ALT, urea, creatinine,
Na+, K+, Cl- and Ca2+) examinations were performed in the preoperative and postoperative period.
Also, in the preoperative and intraoperative period
and during the first 24 hours after operation blood
gas parameters were measured.

Statistical analysis
Data were analyzed by using a commercially
available statistical software package (SPSS 15). The
Mann–Whitney U test was used to compare groups at
different time points. Intragroup comparisons were
performed using Wilcoxon test. Data are shown as
mean values ± standard deviation (SD); P < 0.05
was regarded as statistically significant.
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Results
Table I shows the demographic characteristics of
patients. There were no significant differences between the two groups including age, sex, weight,
length, the number of coronary artery bypass grafting,
cardiopulmonary bypass time and cross-clamp time.
In Figure 1, comparison of ADMA levels is
shown between control and olmesartan treatment
groups at six different time points. In olmesartan tre-

Table I Patients’ characteristics.
Study groups
Male sex

Group K (n=25) Group O (n=25)
18 (% 79.2)

18 (% 79.2)

Age

60.64±10.53

63.36±10.73

Weight (kg)

71.16±8.52

71.56±8.45

Height (cm)

168.4±7.69

168.36±7.53

Total CABG number

3.2±0.86

3.08±0.9

Total CPB time (min)

80.2±12.58

80.72±12.34

Cross-clamp time (min)

50.12±4.24

50.40±4.60

atment group, ADMA levels were significantly lower
than in control group at T3, T4, T5 and T6 (p<0.05,
p<0.05, p<0.05, p<0.01 respectively). Intra-group
comparison of ADMA levels revealed significant elevation at time points T2, T3, T4, T5 and T6 compared with T1 time point in control group (p<0.001;
p<0.001; p<0.001; p<0.001 and p<0.01 respectively). In the olmesartan treatment group, serum levels
of ADMA were significantly higher at time points T2,
T3 and T4 compared with T1 time point (p<0.01;
p<0.001; p<0.01 respectively).
In Figure 2, comparison of SDMA levels is
shown between the control and olmesartan treatment
groups at six different time points. SDMA levels at T2,
T3 and T6 time points were significantly higher in the
control group than the olmesartan treatment group
(p<0.01, p<0.01, p<0.001 respectively). Intragroup comparisons of SDMA levels exhibited significant elevations at T2, T3, T4, T5 and T6 (p<0.001,
p<0.001, p<0.05, p<0.05, p<0.01 respectively) in
the control group. SDMA revealed significant reduction at T6 compared with T1 time point in the olmesartan treatment group (p<0.05).
Figure 3 shows the comparison of L-arginine
levels between the control and olmesartan treatment
groups at the six different time points. L-arginine
levels were significantly higher at T2 and T3 time

CABG: Coronary artery bypass grafting, CPB: cardiopulmonary bypass.

Figure 1 Comparison of ADMA levels (mmol/L) between the groups at six time points. (*) Compared with control group.
* p<0.05; **p<0.01
(T1: before anesthesia induction, T2: during cardiopulmonary bypass, T3: five min after the cross-clamp was removed, T4: after protamine
infusion, T5: postoperative day 3 and T6: postoperative day 28)
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Figure 2 Comparison of SDMA levels (mmol/L) between the groups at six time points
(*) Compared with control. *p<0.05; **p<0.01; ***p<0.001
(T1: before anesthesia induction, T2: during cardiopulmonary bypass, T3: five min after the cross-clamp was removed, T4: after protamine
infusion, T5: postoperative day 3 and T6: postoperative day 28)

Figure 3 Comparison of L-arginine levels (mmol/L) between the groups at six time points
(*) Compared with control. *p<0.05; **p<0.01; ***p<0.001
(T1: before anesthesia induction, T2: during cardiopulmonary bypass, T3: five min after the cross-clamp was removed, T4: after protamine
infusion, T5: postoperative day 3 and T6: postoperative day 28)
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Figure 4 Comparison of iNOS levels between the groups at six time points
(*) Compared with control group. * p<0.05; **p<0.01; ***p<0.001
(T1: before anesthesia induction, T2: during cardiopulmonary bypass, T3: five min after the cross-clamp was removed, T4: after protamine
infusion, T5: postoperative day 3 and T6: postoperative day 28)

points in the olmesartan treatment group than control
group (p<0.001, p<0.01). Intra-group comparisons
of L-arginine levels exhibited significant reduction at
T2, T3 and T4 (p<0.001) and significant elevation at
T6 compared with T1 time point in control group
(p<0.01, Figure 4). In the olmesartan treatment
group, L-arginine levels were decreased at T2, T3
and T4 time points (p<0.001) and increased at T6
compared with T1 (p<0.01).
In Figure 4, comparison of iNOS levels is shown
between the control and the olmesartan treatment
group at six different time points. In the olmesartan
treatment group, iNOS levels exhibited significant
decrease at time points T2, T3, T4, T5 and T6 compared with the control group (p<0.001, p<0.05,
p<0.001, p<0.01, p<0.05 respectively). Intra-group
comparisons of iNOS levels revealed significant elevation at T2, T3 and T4 compared with the T1 time
point in control group (p<0.001). In the olmesartan
treatment group, iNOS levels were increased at T2
and T3 time points (p<0.01); by contrast, iNOS level
was significantly decreased at T5 compared with the
T1 time point (p<0.05).

Discussion
Cardiopulmonary bypass-assisted surgery induces a systemic inflammatory response via extrinsic
and intrinsic factors such as anesthesia, endothelial
cell activation, tissue damage, contact activation within the extracorporeal circuit, endotoxemia and ischemiareperfusion injury of the myocardium (12, 13). The
systemic inflammatory response and the super-imposed period of ischemia-reperfusion are situations that
enhance the production of oxygen-derived free radical species, which promote lipid peroxidation and a
series of events that cause cell membrane damage,
tissue injury, functional impairment and postoperative
complications such as respiratory failure, pulmonary
damage, cognitive dysfunction and brain damage
(14). Moreover, these complications contribute to the
mortality and failure of cardiopulmonary bypass.
Hence, to prevent these complications, the importance of pharmacological treatment strategies has
been increasingly emphasized.
Increased renin–angiotensin–aldosterone system
activity is associated with various cardiac diseases
such as hypertension, atherosclerosis, congestive
heart failure, type 2 diabetes mellitus, and renal

14 Kahraman et al.: Novel targets ADMA and SDMA and cardiopulmonary bypass complications

disease (15). Angiotensin II, the major effector peptide of the renin–angiotensin–aldosterone system,
promotes generation of oxidative radicals via AT1 receptors and initiates inflammatory processes including
atherosclerosis and vascular ageing. Inflammation is
a key mechanism in the advent and perpetuation of
cardiovascular diseases especially atherogenesis.
Likewise, there is a significant positive correlation between oxidative stress and many cardiovascular pathological conditions. Moreover, it has been found that
proinflammatory cytokines such as tumor necrosis
factor (TNF), IL-1b and growth factors such as platelet derived growth factor (PDGF) and basic fibroblast
growth factor might provoke production of free radical species. It has been indicated that the renin–
angiotensin system might be activated during cardiac
surgery under CPB as evaluated by an increased
angiotensin II plasma concentration (6).
Asymmetrical dimethylarginine (ADMA) is a risk
factor for cardiovascular diseases including hypertension, coronary artery disease, peripheral arterial
occlusive disease, pulmonary hypertension, and preeclampsia (16). In addition, it has been found that
ADMA predicts clinical outcome in patients with coronary heart disease (17). Oxidative stress may also
induce production of ADMA as evidenced by the
increased expression of PRMT1 in endothelial cells
exposed to excess of ROS. DDAH may also be inactivated by ROS and TNF-a. In addition, there is growing evidence that ADMA is not only a risk factor for
endothelial dysfunction but also a novel proinflammatory mediator (18). It has been established that
ADMA may induce a vascular inflammation reaction
to promote the development of cardiovascular diseases by the activation of leukocyte adhesion and cytokines production (19, 20). Therefore, ADMA may be a
therapeutic target for preventing inflammation and its
complications due to cardiac surgery.
This is the first study to show the serum levels of
ADMA, SDMA, L-arginine and iNOS at six time points
associated with CPB and the effects of olmesartan
therapy on these parameters. In the present study,
when ADMA levels were compared between control
and olmesartan treatment groups, they were found to
be significantly lower in olmesartan than control at
the time points after cross-clamping, after protamine
infusion, and on postoperative days 3 and 28.
Valkonen et al. (21) determined that the risk for acute
coronary events is 3.9-fold increased with the highest
plasma levels of ADMA in a prospective case-control
study including middle-aged, nonsmoking men. In
mice, marked accumulation of ADMA was observed
in myocardial tissue after ischemia reperfusion injury
and it was argued that ADMA could be a potential
new target for the treatment of myocardial ischemia
reperfusion injury (22). In elderly people with high
ADMA, simvastatin treatment did not ameliorate
endothelium-dependent vasodilation but administration of L-arginine alone or in combination with simva-

statin enhanced endothelial function (23). In the current study, ADMA level was significantly increased at
CPB time, after cross-clamping and protamine infusion, and on postoperative days 3 and 28 in the control group. It has been proposed that this result may
be associated with enhancement of oxidative stress
and inflammatory mediators via ischemia/reperfusion injury during cardiac surgery. In patients with
essential hypertension, treatment with perindopril
(ACE) (angiotensin-converting enzyme), inhibitor
losartan (AT1 receptor antagonist) and bisoprolol (bblocker) decreased blood pressure similarly, but only
losartan or perindopril decreased serum ADMA and
hence it has been put forward that RAAS may contribute to the elevation of serum ADMA (24).
In the olmesartan treatment group, ADMA level
rose at CPB time, after cross-clamping and protamine
infusion compared with before induction of anesthesia but these increases were not as high as in the control group. In a previous investigation, infusion of
ADMA in wild type rats caused significant coronary
microvascular lesions, and supplementation of L-arginine did not prohibit the development of lesions, in
contrast to olmesartan treatment that suppressed the
vascular effects of ADMA (25). In the present study,
we have demonstrated that olmesartan treatment
reduced the SDMA level at CPB time, after crossclamping and on postoperative day 28 compared with
control group. In patients with chronic kidney disease,
elevation of serum SDMA and ADMA was found and
there was a positive correlation between these results
and cardiovascular events (26). Moreover, accumulation of serum SDMA concentrations may play an
additive role for the renal outcome besides serum
creatinine and hemoglobin levels.
In the olmesartan treatment group the SDMA
level was significantly decreased on postoperative day
28. By contrast, SDMA level was significantly elevated
in the control group at CPB time, after cross-clamping and protamine infusion, and on postoperative
days 3 and 28. This finding may suggest that there is
a positive correlation between oxidative stress, inflammation and SDMA. In a previous study it was
demonstrated that concentrations of ADMA and
SDMA were significantly correlated with each other
and it was proposed that ADMA was not better than
SDMA in estimating cardiovascular diseases risk in
the general population (27).
L-arginine is a substrate for the generation of
NO so it is a key chemical in cardiovascular health
(28). Dysfunction of the endothelial L-arginine–nitric
oxide pathway is a common mechanism for cardiovascular diseases. We have observed that in the olmesartan treatment group L-arginine levels were significantly higher than in the control group at CPB
time and after cross-clamping. Diminished L-arginine
levels were identified in cardiovascular diseases in
previous examinations (29). Furthermore, it was de-
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monstrated that oxidative stress enhanced the activity
of arginase enzyme which converts arginine to ornithine and confines NO bioavailability in endothelial
cells through increased arginine consumption
(28–30). In another publication, it has been argued
that plasma levels of ADMA, SDMA, L-arginine and
the L-arginine/ADMA ratio are reliable and feasible
indicators of early ischemia-reperfusion injury (31).
We found that in the control group, L-arginine levels
decreased at CPB time, after cross-clamping and protamine infusion and increased on postoperative day
28. In the olmesartan group, L-arginine levels decreased at CPB time, after cross-clamping and protamine infusion and increased on postoperative day 28
but the decline of L-arginine level was not as pronounced as in the control group. Our findings suggest that there may be a negative correlation between
oxidative stress and L-arginine at CPB time points.
iNOS levels were significantly lower in the olmesartan group than in control at CPB time, after crossclamping and protamine infusion, and on postoperative days 3 and 28. Antiinflammatory effects of
olmesartan may reduce iNOS levels. Our results are
in agreement with previous examinations. In a previous study, myocardial infarction induced left ventricular damage was reduced in iNOS deficient mice
compared with wild type (32). In the left ventricular
(LV) tissue of 24 patients with end-stage heart failure,
iNOS expression levels were increased and high
iNOS activity was correlated with early relaxation and
impaired responsiveness to b-adrenergic stimulation;
moreover, the inotropic response to isoproterenol in
failing hearts was inversely related to iNOS activity (33).
We have observed that in the control group,
iNOS level was significantly increased at CPB time,
after cross-clamping and protamine infusion, and on
postoperative days 3 and 28. Moreover, in the olmesartan group iNOS was increased at CPB time and
after cross-clamping but this enhancement was lower
than in the control group and the iNOS level was
decreased by the 3rd day postoperatively. These
results were similar to previous studies.
Zhang et al. (34) determined that iNOS-deficient mice presented much less hypertrophy, dilation,
fibrosis, and dysfunction. In an experimental animal
model, L-NAME administration induced the expression of iNOS in the aorta; furthermore, ICAM-1 and
VCAM-1 expression was also increased in the aortas
of L-NAME–treated rats. These changes of the vascular wall were prohibited by the angiotensin II antagonist irbesartan (35). Kataoka et al. (36) suggested
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that AT1 receptor antagonists are able to improve
TNF-a-dependent eNOS reduction or cell injury by
inhibiting superoxide production or nuclear factor-kB
activation. Yaylak et al. (37) demonstrated that lipopolysaccharide (LPS) induced hepatic injury was ameliorated by the selective iNOS inhibitor aminoguanidine. In left ventricular biopsies from two-vessel disease
unstable angina and stable angina patients undergoing coronary bypass surgery, the expression levels of
TNF-a IL-6, IFN-gamma and iNOS were upregulated, and ramipril and valsartan treatment significantly
decreased the expression levels of TNFa, IL-6, IFNgamma and iNOS (38). These data support our findings. In patients with coronary artery disease AT1
blockade reduced hsCRP, IL-6, and platelet aggregation and this effect of AT1-blockade was stronger
than ACE inhibition (39).

Conclusions
The current study is the first that has demonstrated the levels of novel and classical parameters associated with inflammation and oxidative stress such as
ADMA, SDMA, L-arginine, and iNOS at six time
points of CPB and the effects of olmesartan on these
parameters.
We have observed elevation of ADMA, SDMA,
iNOS and reduction of L-arginine during cardiac surgery. These results have been attributed to enhancement of oxidative stress and inflammatory response.
In this regard, these parameters may participate in the
formation of postoperative complications. The application of olmesartan reduced serum ADMA, SDMA,
iNOS and enhanced L-arginine levels at CPB time
points. It was concluded that olmesartan could reduce potential postoperative complications through
diminishing oxidative stress and inflammatory response in the postoperative period following coronary
bypass surgery. Preoperative and postoperative therapy with RAAS blockers could be a new strategy in
reducing postoperative morbidity and mortality following CPB but further studies are required to confirm this
hypothesis.
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