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Abstract

The aim of the current study was to assess the effects of the Class 111 antiarrhythmic drug
amiodarone on arterial blood Nitric oxide (NO) levels together with malondialdehyde
(MDA), superoxide dismutase (SOD), glutathione peroxidase (GSH-px), and catalase (CAT)
levels in patients undergoing coronary artery bypass surgery (CABG). Twenty patients un-
dergoing CABG were included in the study. The patients were divided into control and
amiodarone groups (n=10 in each group). The patients in group 1 did not receive any drugs.
The patients in group Il received 4X400 mg/day amiodarone on the day before surgery,
2X600 mg/day amiodarone on the day of surgery, and 2X400 mg/day amiodarone for the
first consecutive four days after the surgery. NO, MDA, SOD, GSH-px, and CAT values
were measured for biochemical evaluation of oxidative stress before the induction of anes-
thesia (Ta), before CPB (Tcpg), five minutes after the clamp was removed (T,), after pro-
tamine (Tp), and on postoperative days 1 (T;), 3 (T3), and 5 (Ts). Hemodynamic changes of
all patients were recorded at before the induction of anesthesia (T,), before CPB (Tcpg), af-
ter protamine (Tp), and on postoperative day 1 (T1). Amiodarone elevated NO levels at all
times during the study period but did not cause changes in MDA, SOD, GSH-px, or CAT. In
addition, amiodarone decreased mean pulmonary artery pressure, pulmonary capillary
wedge pressure, and heart rate in these patients. No side effect due to drug was observed.
Heart rate was found more decreased in amiodarone group at T, and T, stages when com-
pared with controls (p<0.05). Perioperative high-dose amiodarone might be beneficial for
patients who are pulmonary hypertensive and are undergoing CABG.
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Introduction

Systemic oxidative stress on the human body is induced
during cardiopulmonary bypass (CPB) and post-CPB, and
neurological and cardiovascular side effects are observed
in patients undergoing CPB. Thromboembolism, oxida-
tive stress, and atrial fibrillation are some of the important
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side effects observed during or immediately after the sur-
gery [1].

Amiodarone is one of the most effective Class III antiar-
rhythmic drugs frequently used in patients with AF [2]. It
has also emerged as the leading antiarrhythmic therapy
for the termination and prevention of ventricular arrhyth-
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mia in different clinical settings because of its proven
efficacy and safety [3]. Recently it has been found that a
high dose of amiodarone in a short-term period reduces
the incidence of postoperative AF and atrial flutter [4].
Additionally, dose depended vascular effects were re-
ported in previous reports [5].

Although the effects of amiodarone on the post-ischemic
heart and cardiomyocytes are well recognized, in vitro
studies have shown that it also increases the amount of
reactive oxygen species as measured by lipid peroxidation
[6]. Albayrak et al. [7] also observed increased lipid per-
oxidation in Vvivo in rats given amiodarone for 30 days.
These results show that at least some of the side effects of
amiodarone might be due to increased oxidative stress.
On the other hand, amiodarone appears to stimulate nitric
oxide (NO) levels both in vitro and in vivo in studies [8-
9]. Taking into account possible beneficial effects of NO
such as vasodilation and anti-aggregation of thrombo-
cytes, new studies are needed to clarify the effects of
amiodarone on oxidative stress and NO production in vivo
in human subjects. Therefore, the aim of the current study
was to assess the effects of perioperative high-dose amio-
darone on blood NO, malondialdehyde, glutathione, cata-
lase and superoxide dismutase levels in patients undergo-
ing coronary bypass surgery.

Material and Methods

Patients

Twenty patients with coronary artery disease undergoing
elective coronary bypass surgery were enrolled in this
study. The study was approved by the Firat University
Faculty of Medicine Ethical Committee on Human Re-
search. Patients who had an active infection, thyroid dis-
ease, chronic obstructive disease, chronic renal failure,
liver failure, or an operation history; or who were under
chronic antiarrhythmic medication, had an emergency
operation, reoperations, or additional surgical procedures;
or who were over 80 years and had a heart rate less than
60/min and ejection fraction (EF) lower than 30% were
not included. The patients were randomly divided into
two groups (Group 1: control group, n=10; Group 2:
amiodarone group, n=10). Randomization was stratified
to assign 10 patients to the amiodarone group and 10 pa-
tients to the control group. Patients in Group 2 were given
a total of 6 grams of amiodarone (Cordarone tablets, 200
mg Sanofi-Turkey) as follows: 400 mg 4 times on the day
before operation, 600 mg 2 times on the day of operation,
and 400 mg 2 times per day for the first four consecutive
post-operative days. Each patient was given a Diazepam
tablet (Smg) orally before admission to the operating
room. A Swan—Ganz catheter (7F, Abbott Lab., USA)
was placed via the right internal jugular vein, and a radial
artery catheter and intravenous lines were placed. Anes-
thesia induction was provided with fentanyl (10 pg/kg,
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Fentanyl, Janssen), midazolam (0,1 mg/kg, Dormicum,
Roche), and vecuronium (0,1 mg/kg, Norcuron, Organon
Teknika). Anesthesia was maintained with sevoflurane (1-
2 %, concentration was adjusted according to clinical re-
sponse) and additional fentanyl and vecuronium as neces-
sary. Median sternotomy technique was used in all pa-
tients. The left internal thoracic artery and the vena safena
magna were prepared for use as a graft.

CPB was completed with a roller pump (Stockert Instru-
mente, Germany), hollow fiber membrane oxygenator
(Dideco D 708 Simplex III, Italy), and moderate hypo-
thermia (28°C core temperature). 2000 ml Ringer’s solu-
tion was added to the prime solution. Anticoagulation was
obtained by the administration of heparin (300 IU/kg,
Liquemine, Roche), and activated clotting times (ACTs)
were maintained at greater than 480 s with kaolin-
containing tubes in all groups by the addition of heparin
when necessary. Venous cannulation was done with a
two-stage cannula from the right atrium. During total
CPB, the aorta was clamped together with the pulmonary
artery to prevent any antegrade flow to the lungs. Ventila-
tion was stopped at this stage. Perfusion flow rate during
CPB was maintained at 2.4 L/m* per min. Myocardial
preservation was achieved through antegrade administra-
tion of cold hyperkalemic blood (30 mEq/l K*) cardiople-
gic solution. This solution was repeated at 20 min inter-
vals. Heparin antagonization was maintained with 1:1.3
protamine HCI (Protamine 1000, Roche). Nitroglycerin
was not administered perioperatively to the patients.

Hemodynamic Measurements

Hemodynamic variables in all patients were evaluated for
a total of four time periods: before induction of anesthesia
(Ta), before CPB (Tcpp), after protamine infusion (Tp),
and on day 1 after surgery (T,). In addition, mean arterial
pressure (MAP), heart rate (HR), central venous pressure
(CVP), mean pulmonary artery pressure (MPAP), pulmo-
nary capillary wedge pressure (PCWP), cardiac output
(CO), and cardiac index (CI) values were assessed clini-
cally. Cardiac output measurements using a Swan-Ganz
catheter were performed by a cardiac output set (Edwards
Lifesciences, USA) and cardiac output device (Spec-
tramed Hemopro, USA).

Biochemical Analysis

Blood samples (8 ml) for biochemical assessments of
oxidative stress were taken with the help of a catheter
placed in the radial artery at seven time periods: before
induction of anesthesia (Tj4), before CPB (Tcpg), 5 min
after cross clamp removal (T.), after protamine infusion
(Tp), and on days 1 (T)), 3 (T3), and 5 (Ts) after the sur-

gery.

The determination of plasma malondialdehyde (MDA)
In vivo evaluation of free radicals in biological systems
depends on the measurement of thiobarbituric acid reac-
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tive products (TBARS). The end product (malondialde-
hyde, MDA) of lipid peroxidation was obtained by the
method of Satoh [10] and Yagi [11] under aerobic condi-
tions of pH 3.4. MDA levels were measured spectropho-
tometrically at a wavelength of 532 nm with the pink-
colored complex formed by incubation of plasma and
thiobarbituric acid (TBA) in boiling water bath. The ob-
tained values of MDA were expressed as nmol/ml.

The determination of plasma nitric oxide (NO)

Total nitrite (nitrate + nitrite) concentration was deter-
mined by the modified cadmium reaction method. To
prevent non-specific reactions from the solutions of pro-
tein-rich nitrate plasma, the plasma had been previously
deproteinized by Griess reaction as previous reports [12].
Then, under the pH 9.7 glycine buffer, copper (Cu)-
coated cadmium granules were left by the supernatant
samples at a 90-minute incubation; thus, nitrate reduction
was achieved. The amount of nitrite produced was deter-
mined by the pink color formed by the reaction of sulfa-
nilamide and the N-naftiletilendiamin siilfanilamid
(NNDA) using a spectrophotometer at a wavelength of
545 nm. Results obtained using nitrite standards were
calculated as mol/ml.

The determination of superoxide dismutase (SOD)
Superoxide dismutase activity in the plasma was meas-
ured according to the method of Sun et al. [13] by deter-
mining the reduction of nitro blue tetrazolium (NBT) by
superoxide anion produced with xanthine and xanthine
oxidase. One unit of SOD was defined as the amount of
protein or hemoglobin that inhibits the rate of NBT reduc-
tion by 50%. Results were defined as units per gram he-
moglobin (g Hb).

The determination of glutathione peroxidase (GSH-Px)
Glutathione peroxidase activity in the plasma was

Table 1. The characteristics of patients in the two groups
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measured according to the method of Paglia and Valen-
tine [14] by monitoring the oxidation of reduced nicoti-
namide adenine dinucleotide phosphate (NADPH) at 340
nm. Enzyme units were defined as the number of micro-
moles of NADPH oxidized per minute. Results were de-
fined as units per hemoglobin (g Hb).

The determination of catalase (CAT)

Catalase activity in the plasma was determined according
to the method of Aebi [15] by monitoring the initial rate
of disappearance of hydrogen peroxide (initial concentra-
tion = 10 mmol) at 240 nm in a spectrophotometer. Re-
sults were reported as constant rate per second per gram
hemoglobin (K/g Hb).

Statistics

The primary endpoint of the present study was circulating
NO levels. A sample size of 10 patients per group pro-
duced 80% power to detect a 20% change in circulating
NO levels. The comparison of categorical variables be-
tween the groups was evaluated with chi-square test. In
the comparison of demographic and clinical quantitative
data, unpaired Student's t test, Mann-Whitney U test, and
Wilcoxon test were used where appropriate. All p<0.05
values were considered significant. The data were ex-
pressed as mean + standard deviation or frequencies. Sta-
tistical Program for Statistical Analysis Software System
(SPSS) 15.0 was used in the analyses.

Results

Patients in the control and amiodarone groups were com-
pared with respect to age, gender, body surface areas
(BSA), the values of pre-op ejection fraction, the numbers
of anastomoses in the operation, CPB time, cross-clamp
times, intensive care unit (ICU) time, total hospitalization
time, and the other clinical features. With respect to these
variables, there were no statistically significant differ-
ences between the groups (p>0.05) (Table 1).

Variable Control group Amiodarone group P
Age (year) 69+9.5 63.3+7.6 0.15
Gender (M/F) 5/5 4/6 0.26
Body surface areas (m?) 1.72+0.1 1.72+0.2 0.90
EF (%) 44493 46.5+6.6 0.50
Myocardial infarction (MI) 3 3 0.56
Unstable angina pectoris 2 2 0.58
Number of anastomosis 3.2+0.4 3.3+0.4 0.72
CPB Time (min) 97.2+10.1 102.5+11.6 0.74
Cross-clamp time (min) 58.249.1 59.5+9.8 0.78
Intensive care unit time (min) 2.3+0.4 2.1+0.1 0.28
Total hospitalization time (min) 8.2+0.7 8.0+0.6 0.5

EF: Ejection fraction; CPB: Cardiopulmonary bypass.
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Table 2. Plasma levels of NO, MDA, SOD, CAT and GSH-Px in patients undergoing coronary bypass surgery.

Variable Time Control group Amiodarone group p
Ta 53.43+12.50 62.08+13.98 0.162
Tcpp 49.82+11.48 61.40+9.49 0.024"
NO Te 47.69+3.84 61.30+£17.09 0.024"
(umol/ml) Tp 49.38+8.30 66.63+18.40 0.015°
T, 48.80+9.89 58.56+8.66 0.031°
Ts 47.49+8.09 60.12+7.85 0.002"
Ts 46.33+6.07 55.69+8.07 0.010
Ta 2.81+1.12 2.06+0.98 0.459
Tcpp 2.87+0.80 2.39+0.98 0.246
MDA T, 2.9242.74 2.09+0.84 0.370
(nmol/ml) Tp 3.01+£2.18 2.14+0.89 0.250
T, 3.12+1.69 2.54+1.51 0.429
Ts 3.25+1.92 2.43+0.60 0.213
Ts 3.65+1.67 2.80+0.82 0.170
Ta 1119.10+20.59 1115.00+17.28 0.635
Tern 1123.37+5.21 1125.12+14.15 0.718
SOD T. 1120.58+6.28 1123.96+9.74 0.369
(U/grHb) Tp 1122.93+7.09 1122.14+2.91 0.750
T, 1122.76+6.31 1121.67+4.46 0.659
Ts 1113.31+16.80 1125.28+18.93 0.152
Ts 1122.97+6.79 1120.75+5.92 0.447
Ta 0.757+0.282 0.988+0.566 0.263
Tcpp 0.606+0.364 0.791+0.446 0.324
CAT T, 0.563+0.326 0.911+0.485 0.076
(k/grHb) Tp 0.725+0.255 0.753+0.645 0.900
T, 0.820+0.481 0.926+0.550 0.652
Ts 0.636+0.234 0.785+0.474 0.385
Ts 0.702+0.95 0.848+0.653 0.507
Ty 172.83+39.61 182.85+30.53 0.222
Tcpp 174.32+30.54 169.24+34.00 0.227
GSH-Px Te 168.80+18.05 176.39+31.85 0.206
(U/grHb) Tp 173.06+23.59 171.40+26.67 0.884
T, 180.95+15.86 182.41+29.08 0.968
Ts 173.62+37.43 180.69+24.69 0.624
Ts 176.66+19.93 183.61+39.92 0.179

Ta: induction of anesthesia; Tcpg: before CPB; Tp: after protamine infusion; T,: on day 1 after surgery Ts: on day 3 after sur-

gery, Ts: on day 5 after surgery, and *: significant (p<0.05).

Biochemical evaluation of the data

Plasma NO, MDA, SOD, CAT, and GSH-Px levels are
presented in Table 2. NO levels were significantly higher
in the amiodarone group at the time points during the
study (p<0.05). Although MDA levels were slightly lower
and CAT levels were slightly higher in the amiodarone
group, there were no statistical differences between the
groups (Table 2, p>0.05).

The evaluation of hemodynamic data

Table 3 summarizes the hemodynamic data for the time
periods of the groups. Considering mean arterial pressure
values, there was no significant difference between the
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two groups at any of the measurement times. Regarding
heart rate, the values of T, and Tcpg in the amiodarone
group were decreased significantly compared to the con-
trol group (p<0.05). CVP values were lower in the amio-
darone group than in the control group; however, these
differences were not statistically significant (p>0.05). The
values of T, and T¢ for MPAP were higher in the control
group than in the amiodarone group (p<0.05). PCWP
measurements were lower in the amiodarone group, but
the decrease in T¢ period was significant (p<0.05). In re-
lation to the measurements of CO and CI, no significant
differences between the two groups were observed at any
of the time points (p>0.05).
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Table 3. Hemodynamic data of the two groups.

Uysal/Azak/Colak/Burma/Ozguler/Ustundag/B/Karahan

Variable Time Control group Amiodarone group P
Ta 94.9+15.6 97.2+12.1 ns
Tcps 74.7£10.3 71.5£9.7 ns
MAP T, 83.0+11.7 78.1£21.4 ns
(mmHg) T, 72.6+7.6 78.7£10.9 ns
Ta 84.9+114 70.4+12.8
HR Tcrs 86.4+11.4 73.7£12.8
(beat/min) T, 92+9.4 85.4£18.5 ns
T, 90.4£11.3 88.6£11.7 ns
Ta 9.1£2.9 7.242.0 ns
CVP TCPB 8.4+3.3 7.1£2.3 ns
(mmHg) T, 8.242.8 7.342.2 ns
T, 7.8+2.6 6.843.3 ns
Ta 23.0+4.7 18.0+£3.9 *
MPAP TCPB 17.9+£5.2 15.2+4.2 ns
(mmHg) T, 20.3+4.1 15.8+£3.4 *
T, 18.6+4.4 17.3+4.2 ns
Ta 13.0+4.4 11.1£2.8 ns
PCWP TCPB 10.9+£3.2 9.9+2.6 ns
(U/grHb) T, 11.1£2.6 7.9+2.3 *
T, 10.0+£2.2 7.8+£3.7 ns
Ta 4.1+1.1 4.6£1.2 ns
CO TCPB 3.8+£0.8 3.9+0.9 ns
(It/min) T, 3.9+0.9 4.3+1.0 ns
T, 4.9+0.7 4.8+0.8 ns
Ta 2.4+0.6 2.54+0.7 ns
Cl Tcps 2.1+0.5 2.4+0.6 ns
(I/min/m?) T, 2.2+0.6 2.3+0.5 ns
T, 2.6+0.4 2.940.5 ns

Ta: induction of anesthesia; Tcpg: before CPB; Tp: after protamine infusion, and Ty: on day 1 after surgery;

*: significant (p<0.05); ns: not significant (p>0.05).
Discussion

Amiodarone is a class III anti-arrthythmic drug. In
addition, class I (Nat channel blockade), II (non-
competitive — adrenergic blockade) and IV (Ca++ channel
blockade) properties, as well as a reserpine - like
sympatholytic action, have been reported [16]. Ozbakis-
Dengiz et al. [17] suggested that amiodarone dose-
dependently exerts a powerful anti-inflammatory activity.
This effect of amiodarone may be due to the activation of
nitric oxide resulting from its calcium channel
antagonistic effects, to the inhibition of phospholipase A2
and/or to a reduction in neutrophil movement and
activation, which may reduce free radical production and
proteolytic enzyme release.

The present study clearly shows that high-dose amiodar-
one increases circulating NO levels in patients undergoing
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coronary bypass surgery and strengthens the data ob-
served in vivo with laboratory animals. Endothelial NO
synthase pathways are activated by amiodarone [18-19].
An increase in plasma NO levels might have important
consequences for both the intra- and postoperative peri-
ods. In fact, it has been shown that NO exerts important
protective actions on the cardiovascular system [20-21].
Beneficial effects of increased NO levels on the cardio-
vascular system include vasodilation and antithrombotic
and anti-inflammatory properties [20]. Intraoperative use
of NO as a vasodilator has been indicated for both cardiac
and non-cardiac surgery [22]. Postoperatively, increased
NO levels are associated with better outcomes for patients
undergoing open-heart surgery, especially when pulmo-
nary vasodilation is required both in congenital cardiac
surgery and in adult patients with chronic pulmonary hy-
pertension [23-24-25]. Therefore, increased levels of NO
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in the amiodarone group in the current study might be
advantageous for patients undergoing cardiac surgery.

In the current study, lipid peroxidation (MDA levels) did
not increase, suggesting that amiodarone does not con-
tribute to the level of lipid peroxidation in patients under-
going cardiovascular bypass surgery as observed [26].
Hence, taken together with the data on NO levels and its
potential beneficial effects, amiodarone might be benefi-
cial for patients undergoing CPB.

Long-term amiodarone usage is associated with various
side effects, including corneal microdeposits, optical neu-
ritis, hypo- or hyperthyroidism, and irreversible pulmo-
nary toxicity [27-28]. In the current study, short-term
high-dose amiodarone was preferred because Tuseth et al.
[28] compared short-term high-doses of amiodarone (50
mg/hour vs 100 mg/hour doses over a 24 h period) and
found that high doses result in lower heart rate and longer
PR and QT intervals. The doses of amiodarone given in
the current study are comparable to the high doses applied
by Tuseth et al. [28]. Similarly, Alcalde et al. [4] gave
oral amiodarone preoperatively at a dose of 1800 mg per
day and observed postoperative improvements in the de-
velopment of AF and atrial flutter. Additionally, Hofmann
et al. [29] gave amiodarone intravenously at high doses
(450 mg amiodarone i.v.) to patients with atrial fibrilla-
tion and concluded that this treatment was safe and effec-
tive in converting the patients to sinus rhythm. Taken to-
gether with the above data, the usage of amiodarone both
pre- and postoperatively at high doses, as in the current
study, seems to be beneficial. This notion is supported by
the decreased MPAP, PCWP, and HR in the current
study. None of the patients had bradycardia or atrial flut-
ter disturbances in the postoperative period.

In conclusion, perioperative high-dose amiodarone in-
creased circulating levels of NO but decreased MPAP,
PCWP, and HR without elevating oxidative stress pa-
rameters. Therefore, amiodarone-associated increase in
circulating NO might have important beneficial conse-
quences in patients undergoing coronary bypass surgery.
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