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One treatment choice for patients with coronary artery disease is coronary artery bypass
graft surgery (CABG) with cardiopulmonary bypass (CPB). After CABG, a series of
inflammatory processes occur which affect other organs of the body and even cause severe
organ damage and subsequently a worse prognosis. The purpose of this study was to evaluate
the effect of pre-surgically administered Melatonin (MTN) on interleukins 22 and 13 in patients
undergoing CABG. In this clinical trial study, 22 patients were evaluated, 10 patients (45.5%)
in the MTN group, and 12 patients in the placebo group. The MTN group received 10 mg/day of
MTN and the placebo group received placebo 2 weeks before surgery. Serum interleukin 13 (IL-
13) and interleukin 22 (IL-22) levels were measured two weeks before surgery (T1), on the day
of surgery before induction (T2), 6 hrs. after removal of the pump by the cardiac surgeon (T3),
and 2 days after surgery (T4). The mean level of 1L-22 at all time points in T2, T3, and T4 was
significantly lower in the MTN group (P <0.05). There was also a significant increase in IL-22
in both groups at T4 compared to T1. The levels of IL-13 were also decreased, however, in the
MTN group, the difference was only significant at T2 compared to T1 for IL-13. The current
study found that taking melatonin for two weeks before having CABG can help to minimize
inflammation and inflammatory biomarkers including IL-22 and IL-13 after the procedure.

INTRODUCTION

Coronary artery bypass graft surgery
(CABG) with cardiopulmonary bypass (CPB)
is a treatment of choice for coronary artery
disease’. Despite significant advances in
anesthesia and CABG techniques, the mortality
rates of these surgeries are still higher than
many other surgeries’. CPB may activate
oxidative stress and inflammatory response
mostly because of the activation of
polymorphonuclear leukocytes®**.

After CABG, a series of inflammatory
processes occur and these stressors affect other
organs of the body and even cause severe organ
damage and subsequently a worse prognosis®. It
is believed that activation of inflammatory
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processes is one of the pathogenesis of the
reperfusion ischemia®.

Interleukins are cytokines made by a
variety of white blood cells that often affect
other lymphocytes’. They play an important
role in the immune system and inflammation®.
The role of interleukin-13 is to stimulate the
growth and differentiation of B lymphocytes,
inhibition of T1 helper lymphocyte (TH1)
production, and inflammatory macrophage
cytokine production. Interleukin-22 also plays
an important role in the production of acute-
phase proteins®. Studies have shown that these
interleukins levels increase after CABG and
play a key role in systemic inflammation,
immune response, and post-operative tissue
damage™.



Melatonin (MTN) is a chemical substance
of N-acetyl-5-methoxy-tryptamine and is
secreted into the bloodstream and cerebrospinal
fluid by tryptophan from the pineal gland™. It
plays a significant role in regulating the
biological clock and has antioxidant properties
2" There have been many studies about the
beneficial effects of MTN on the
cardiovascular system. It has a protective effect
against ischemia by reducing sympathetic tone
and rhythmic changes in heart rate, blood
pressure, and cardiac output. It also increases
collagen in myocardial ischemia-induced
scarring through its direct effect on
fibroblasts"****, MTN may play a role in
reducing  ventricular  hypertrophy  and
preventing heart failure™. Supplementing with
Melatonin reduced the severity of myocardial
ischemia-reperfusion injury™.

Antioxidant and anti-inflammatory effects
of MTN in the body increase defense immune
system mechanisms®’. It can be used as an anti-
inflammatory drug to boost the immune
system®®. Because MTN is safe™, it is a choice
antioxidant to reduce complications after
cardiopulmonary bypasses such as
inflammatory processes and oxidative stress®.
It is shown that IL-22 was induced in cardiac
surgery with CPB and it may interactively
contribute to systemic inflammatory responses
after CPB?.. In a study, it is determined that IL-
13 may be involved in the development of
coronary artery disease via different
mechanisms under different conditions®.

Thus, if we can reduce the inflammatory
processes caused by interleukins 13 and 22 by
using melatonin, we can decrease the
complications after cardiopulmonary bypass
and coronary artery bypass graft surgery. Since
there are practically a few methods to control
the complications after coronary artery bypass
graft surgery and little research has been done
in this regard, it seems necessary to conduct
this study. This study aims to evaluate the
effect of pre-surgically administered MTN on
inflammatory biomarkers including
interleukins 22 and 13 in patients undergoing
CABG.

MATERIALS AND METHODS

This clinical trial (RCT:
20141009019470N83) study was performed in
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Namazi Hospital of Shiraz University of
Medical Science, Shiraz, Iran. The study
population was patients undergoing elective
coronary artery bypass graft surgery.

According to statistical expert opinion and
due to the lack of similar articles at the time of
the study, this study was conducted as a pilot
study with a sample size of at least 20
participants. The inclusion and exclusion
criteria are mentioned in Table 1. Patients who
were eligible to participate in the study were
randomly and using a random number table
divided into two groups after signing the
written consent.

Table 1 : The inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Patients  undergoing | Kidney failure
elective coronary artery
bypass graft surgery

Age between 40 and 75 | Pulmonary disease
years

Having consented to | Cerebrovascular disease
enter the study

History of stroke

Liver failure

Using the
immunosuppressant drug

Dementia,  depression,
mental illness

Smoking more than 5
packages per year

Emergency or
uncontrolled surgery
(American  Society of
Anesthesiologists
(ASA)> 3)

Pregnancy or lactation

Anticoagulation

Concomitant cardiac
surgery

Left Ventricular (LV)
aneurysm

Non-sinus  rhythm in
electrocardiogram
(ECG),

Ejection fraction less
than 45%

Two weeks before surgery, patients were
admitted to the hospital and the necessary
explanations were given by the resident. Then
5 cc of blood (T1) was taken to measure serum
levels of IL-13 and IL-22 and sent to the




laboratory and stored at -70°C. The
experimental group was asked to take 10
mg/day of MTN (Zahravi Pharmaceutical
Company, Tabriz, Iran) 1 hour before bedtime,
and a placebo (5% dextrose dissolved in water)
was given to the control group'®®*. After 2
weeks of taking Melatonin and placebo, the
second sample was taken on the surgery day
before the induction of anesthesia (T2). Also,
the third sample (T3) was taken 6 hrs. after
removal of the pump by the cardiac surgeon
(T3) and the fourth sample was collected 2
days after surgery (T4). All samples were
stored in the laboratory refrigerator
immediately after blood sampling was done.
IL-13 and 1L-22 levels were measured using the
Human Th cytokine panel (13 plex) BiolLegend
USA kit, using a Bead Based assay.

Statistical Analysis

SPSS software version 19 was used for
data analysis. Kolmogorov Smirnov test was
used to check for normality. Student t-test, U
Mann-Whitney, chi-square, and repeated
measure tests were used to compare the
variables between the two groups. Results were
considered significant at P< 0.05.

RESULTS AND DISCUSSION

Results

In this study, 22 patients were evaluated,
10 patients (45.5%) in the MTN group, and 12
patients (54.5%) in the control group. Figure 1
shows the CONSORT diagram.

The mean age of patients was 60.22 + 6.36
years. The demographic information of the
patients is summarized in Table 2.

The mean serum levels of IL-22 and IL-13
were similar between the two groups before
intervention. Serum IL-22 levels in the second
(T2), third (T3), and fourth (T4) samples were
significantly different between the two groups
(Table 3). The serum levels of IL-22 were
significantly decreased in the MTN group after
2 weeks (Table 4, Figure 2).

According to the results in Table 5, no
significant difference was observed in serum
levels of 1L-13 between the two groups in all 4
steps.

Like IL-22 after 2 weeks of MTN
administration, serum IL-13 levels also
decreased significantly. The trend of IL-13
changes is shown in Table 6 and Figure 3.

Randomized (n=26)

l

Excluded (n=4)

-
>

r

[ ALLOCATION ]

Allocated to melatonin (n=10)
+ Received allocated intervention (n=10)

Allocated to placebo (n=14)
+ Received allocated intervention (n=14)

[ FOLLOW-UP J

Lost to follow-up (n=0)

Discontinued intervention (n=0)

Lost to follow-up (n=0)

Discontinued intervention (n=0)

l

ANALYSIS ]

Analysed (n=10)

+ Excluded from analysis (n=0)

Analyzed (n=14)

+ Excluded from analysis (n=2)

Assessed for eligibility (n=22)

Fig. 1: CONSORT diagram
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Table 2 : Demographic information of patients
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Parameters Melatonin Control P-value
n=10 n=12
Age, y (mean + SD) 61.20 + 8.02 59.41 +4.79 0.52*
Sex 0.37**
Male 5 (50%) 9 (75%)
Female 5 (50%) 3 (25%)
* Student t-test
** Pearson Chi-Square test
Table 3 : Mean IL-22 levels in both groups
IL-22 (ng/l) Melatonin Control P-value
IL-22 (T1) 381.57 £33.81 379.37 £15.88 0.84
IL-22 (T2) 364.31 + 16.97 387.73 £ 22.98 0.01
IL-22 (T3) 408.92 + 13.87 43453+ 17.04 0.001
IL-22 (T4) 402.12 £17.10 418.82 £ 19.04 0.04
P-value* 0.03 0.001
*Repeated measure test result
440 434.53
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Fig. 2: Trends in IL-22 changes in Melatonin and placebo groups

Table 4 : The mean difference between the different IL-22 measurement steps

T2 T3 T4
Melatonin | Control | Melatonin | Control Melatonin Control

Mean

T1 difference -17.26 8.35 27.34 55.15 20.55 39.44
P-value 0.78 0.40 0.05 <0.001 0.04 <0.001
Mean

T difference 44.60 46.80 37.81 31.09
P-value <0.001 <0.001 <0.001 0.001
Mean

T3 difference 6.79 -15.70
P-value 0.37 0.07
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Table 5: Mean IL-13 levels in both groups
IL-13 (ng/l) Melatonin Control P-value
IL-13 (T1) 14.25 + 6.55 11.41+£7.25 0.35
IL-13 (T2) 10.84 £5.95 10.89 + 6.50 0.98
IL-13 (T3) 15.03 £ 6.13 17.02 £11.28 0.64
IL-13 (T4) 12.96 £ 4.13 15.06 + 7.49 0.43
P value* 0.12 0.05
Table 6 : The mean difference between the different IL-13 measurement steps
T2 T3 T4
rl\]/lelatonl Control lr\]/lelatonl Control Ir\]/lelatonl Control
Mean
T1 | difference -3.41 -0.51 0.75 5.06 -1.29 3.65
P-value 0.01 0.83 0.75 0.18 0.24 0.06
Mean
T2 | difference 4.54 5.76 2.12 4.17
P-value 0.06 0.04 0.06 0.09
Mean
T3 | difference -2.02 114
P-value 0.31 0.77
18 17.02
% 15p0¢
1 ‘N} 15/03
) 12 “l' ,E_BS 12lss
j 0 10.84
T T T T4
Time
——Melatonin Placeho
Fig. 3 : Trends in IL-13 changes in Melatonin and placebo groups
Discussion levels were not significantly changed. Given

In this study, the effect of MTN on
interleukins 22 and 13 in patients undergoing
coronary artery bypass graft surgery was
evaluated.

In the present study, the two groups at the
beginning of the study were matched for serum
levels of interleukins 13 and 22 to compare the
two groups correctly. On the day of surgery
and before induction, serum IL-22 levels were
significantly decreased in the MTN group,
whereas in the control group serum IL-22

that they had taken MTN 2 weeks before
surgery, the decrease in I1L-22 was justified in
this group. Also in the control group, no
change in IL-22 was observed. There was also
a significant difference between the two groups
at this stage and the level of IL-22 in the MTN
group was significantly lower.

In the third measurement step (T3), 6 hrs. after
the pump was removed by the cardiac surgeon,
both groups showed an increase in serum IL-22
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levels, which was significant in relation to T2
in both groups and T1 only in the MTN group.

In the fourth measurement, serum levels of
IL-22 did not change significantly in the two
groups compared to the third stage, but
compared to the T1 stage, both groups showed
a significant increase in T4. It can be argued
that the acute phase of IL-22 occurs at T3 and
reaches its maximum level after which its level
has decreased but this reduction was not
significant. Inter-group differences in the T4
level of IL-22 were also significantly higher in
the control group than in the MTN group.
Given that patients in the MTN group at the T3
stage also had lower IL-22, this is justified
because no significant change in T4 over T3
was observed in either group.

In the present study, serum levels of IL-13
at T1 were similar between the two groups. But
unlike 1L-22, this cytokine did not show a
significant difference between the two groups
at all stages of T2 to T4. In the intra-group
analysis in this study, 1L-13 at T2 compared to
T1 in the MTN group showed a decrease in IL-
13 level, which was significant. But no
significant changes were observed in the
control group. A non-significant increase in IL-
13 serum level was observed in T3 compared to
T2 in both groups, which is justified since it is
after CABG. There was a decrease in IL-13 in
both groups at T4 compared to T3, which was
not significant in either group.

It has been shown that the positive effects
of MTN in ischemia-reperfusion damages are
related to the activation of the Nrf2 pathway.
Nrf2 is a transcription factor. It plays its
antioxidant role by binding to DNA antioxidant
response element (ARE) and the Nrf2-ARE
pathway has an important protective effect in
ischemia-reperfusion injury®. Nrf2 suppresses
IL-13 and IL-22 secretion *%%, |L-13 and IL-
22, upregulate the STAT3 pathway and cause
inflammation®’#®, By the decrease of IL-13
and 1L-22, STAT3 is downregulated and
prevents inflammation.

These changes in serum levels of
cytokines after cardiac surgery have also been
shown in other studies. Brull's study showed
that 6 hrs. after CABG, serum IL-6 levels
peaked. In that study, IL-6 levels reached 45
times their basal level, 6 hrs. after CABG?. In
the present study, as in the Brull study, peak
levels of both IL-22 and IL-13 were observed 6
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h after CABG. In the study of Czerny et al.,
patients with CABG had the highest serum IL-6
and IL-10 levels at the fourth hour and eighth
hrs. after CABG, respectively®. Nathan et al.
evaluated the serum levels of 1L-10, IL-4, and
IL-13 in patients who had cardiopulmonary
bypass (CPB). In that study, IL-10 peaked at
the sixth hour after CPB. However, IL-13
peaked after 24 hrs. of CPB completion®. In
the Sablotzki study, serum levels of I1L-10 were
highest in CPB patients at the skin closure
stage after CPB completion. However, there
was a significant decrease of 6 hrs. after CPB¥.
The findings of these two studies are not in line
with ours. The main reason for this difference
may be the difference in the study population
and the type of surgery. A study by Kawamura
et al. investigated the changes in IL-10, IL-8,
and IL-6 cytokines after aortic declamping. The
results of this study showed that the peak of all
three interleukins occurs 3 hrs. after aortic
declamping *. Hsing et al. showed that levels
of IL-22 and 1L-19 peaked after 8 hrs. of CPB
21 In the Wan study, it has been reported that
the elevation of IL-10 begins 2 hrs. after CABG
% The pattern of IL-10 changes in this study is
similar to the pattern of IL-22 changes in our
control group. 1L-22 is functionally similar to
IL-10 in that the two cytokines are in the same
group %, so the trend of changes in these two
cytokines in the present study and the Wan
study is justified. In Struber et al.'s study,
serum IL-8 and IL-6 levels peaked at the eighth
hour after CABG. C1-INH, TNF-R1, and TNF-
R2 cytokines were also measured in this study,
all of which increased after CABG surgery and
peaked within 2 to 8 hrs. after surgery®.
Surgery causes a range of metabolice
endocrine, and immune alterations®. The
inflammatory response in cardiac surgery is
made by complex interactions with several
pathways such as production or activation of
complement, neutrophils, thrombin, cytokines«
mast cells, and some other multiple
inflammatory mediators®’. Mechanisms such as
exposure of blood to nonphysiologic surfaces,
anesthesia,  trauma, body  temperature
alterations, and ischemia or reperfusion injury
may be responsible for these pathological
effects®®, which results in immunologic
reactions and release  proinflammatory
cytokines arachidonic acid metabolites,
platelet-activating factors, endothelins,



endothelial, and leukocyte adhesion molecules
which induce the overproduction of reactive
oxygen species® %%,

In the study of Geyik et al., The effects of
MTN levels on inflammatory function after
CABG were compared. That study showed that
preoperative, intraoperative, and 4 hrs.’
postoperative serum MTN levels were
significantly higher in patients who had surgery
in the morning (group 1) than in patients who
had surgery in the evening (group 2). Also in
that study serum level of ICAM-1 was
significantly higher in group 2 during and 4
hrs. after surgery. Given that ICAM-1 plays an
important role in the development of
inflammation in the body, it can be concluded
that high MTN levels in CABG patients can
have a protective effect on inflammation. MTN
can reduce many undesirable disorders in
patients with CABG. These effects are due to
the antioxidant, anti-amyloid, and vasodilator
effects of MTN*. In the study of Haghjooy et
al., the effect of pre-CABG Melatonin
administration on Nuclear Erythroid2-Related
Factor 2 (Nrf2) activation was investigated. In
this study, the Nrf2 level was significantly
higher in all stages measured in the MTN
group than in the placebo group. Nrf2 is a
transcription  factor responsible for the
expression of many antioxidant response genes.
Thus it can be said that MTN through the Nrf2
pathway can reduce the cellular damage
induced by CABG?. During the inflammatory
process, the stimulation of inflammation-
related genes can happen as a result of the
activation of the nuclear transcription factor-
kappa B (NF-kB)*”. Many studies have
revealed that MTN modulates the NF-xB
signaling pathway throughout inflammation®*
> Reports recommend that MTN performs its
anti-inflammatory effects by modulating both
pro- and anti-inflammatory cytokines in various
pathophysiological ~ situations®®**’. It was
displayed that the presence of melatonin
receptors in a mast cell line by inhibiting the
release of TNF-a modulates an anti-
inflammatory ~ pathway®®.  Other  anti-
inflammatory activities of MTN are including
prevention  from  the  synthesis  of
prostaglandins,  production of  adhesion
molecules****®,  and  downregulation  of
cyclooxygenase 2 expressions in
macrophages®, and the decrease of the

polymorphonuclear cell recruitment to the
inflammation  location®**>,  MTN  also
counteracts  inflammatory  processes by
scavenging free radicals, which contributes to
inflammation®*.

Conclusion

It was shown that IL-22 induced in cardiac
surgery with CPB and it may interactively
contribute to systemic inflammatory responses
after CPB. Also, I1L-13 may be involved in the
development of coronary artery disease via
different ~ mechanisms  under  different
conditions. Thus, if we can reduce the
inflammatory processes caused by interleukins
13 and 22 by using melatonin, we can decrease
the complications after cardiopulmonary
bypass and coronary artery bypass graft
surgery. The current study found that taking
melatonin for two weeks before having CABG
can help to minimize inflammation and
inflammatory biomarkers including IL-22 and
IL-13 after the procedure.

Ethical statement

The study is approved by the ethics
committee of Shiraz University of Medical
Sciences with reference number
IR.SUMS.MED.REC.1396.17. Written consent
was obtained from participants. The study is
performed according to the ethics principles of
the Declaration of Helsinki.

Limitation
The small number of patients is a
limitation of this study.

Data Sharing Statement

The necessary data are mentioned in the
manuscript and any type of other data will be
available upon request from the corresponding
author at any time.
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