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Abstract

ACKGROUND:
intervention (PCI) is the most common intervention

Percutaneous coronary

for coronary artery disease (CAD) with very low
complications. High oxidative stress post-PCI is associated
with  further
extracted from a specific type of herbs, exhibits anti-oxidant

atherosclerosis  progression. Curcumin,
properties by acting as hydrogen and electron donor for
superoxide radicals. The aim of this study is to determine
the effect of curcumin’s antioxidant properties in reducing

oxidative stress of post-PCI in stable CAD.

METHODS: This study was a double-blind parallel
randomized controlled trial among 50 stable CAD patients
undergoing PCI in Cipto Mangunkusumo General Hospital
and Jakarta Heart Center. The subjects received either 45
mg/day curcumin or placebo 7 days pre-PCI until 48 hours
post-PCI. Reduced oxidative stress markers (decreased

MDA or increased GSH) were measured in 3 phases (7 days
pre-PCI, 24 hours post-PCI, 48 hours post-PCI).

RESULTS: Curcumin group showed increased MDA
from baseline to 24 hours (A1=0.01 vs. 0.03; p=0.3) and
decreased MDA from baseline to 48 hours (A2=-0.06 vs.
0.03; p=0.9). While, curcumin group showed decreased
GSH from baseline to 24 hours (A1=-49.7% vs. 12.2%;
p=0.4) and from baseline to 48 hours (A2=-19.09% vs.
11.4%; p=0.6). However, no significant changes were found
in malondialdehide (MDA) and glutathione (GSH) level
after the intervention.

CONCLUSION: The 45 mg/day curcumin supplementation
from 7 days pre-PCI until 48 hours post-PCI had no
significant antioxidant effect in stable CAD post-PCI.
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coronary artery disease, curcumin,
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Introduction

Coronary artery disease (CAD) is one of the leading causes
of death and disability worldwide. Around 17.5 million
people died due to cardiovascular disease in 2012 and about
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7.4 millions of death were caused by CAD which dominated
in developed countries.(1) The prevalence of CAD in
Indonesia during in 2013 was 1.5% of total population.(2)
Percutaneous coronary intervention (PCI) is the most
common intervention for revascularization of blocked
arteries with very low complications less than 1-2%.(3,4)
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PCl is associated with excessive of reactive oxygen species
(ROS), which cause the pathogenesis of atherosclerosis post-
procedural, including restenosis, thrombosis, endothelial
dysfunction and ischemia-reperfusion injury that leading to
death.(5) Increased oxidative stress post-PCI occur besides
given standard treatment such as clopidogrel and statin
before procedure that reduce stress oxidative levels.(6-10)

Curcumin, a yellow polyphenolic pigment from
Curcuma longa (turmeric), is a type of herbs widely
grown in Asia with well-recognized as antioxidant
properties. Curcumin has a conjugate structure that
includes 2 methoxylated phenols and 1 B-dicetone. Phenol
methoxylation component acts as a hydrogen atom donor
while the [B-dicetone component is an electron donor.
These two components play a role in cutting the reaction
between the chain of the formation of superoxide radical
(SOR). Curcumin has more oxygen groups much more
than B-tocopherol, so that curcumin is easier to enter cells
to inhibit SOR production.(11) Curcumin reduced the
oxidative stress process by elimination of ROS.(12) The
cardiovascular potential benefits of curcumin have been
indicated in several studies.(13)

Direct measurement of oxidative stress levels and free
radicals are very difficult, because they are highly reactive
and have an extremely short half-life. Therefore, in vivo levels
of oxidative stress were assessed by measuring endogenous
antioxidant molecules and molecules of damage products
from oxidative stress. Malondialdehyde (MDA) is a form of
end product of lipid hydroperoxide degradation which shows
an increased level free radical, while glutathione (GSH) is
one of the endogenous antioxidant defense molecules that
can measure the level of oxidative stress indirectly.

This study aims to determine the effect of curcumin’s
antioxidant properties in reducing oxidative stress of post-
PCI in stable CAD. This is the first clinical study that
investigated the effects of curcumin’s antioxidant properties
in stable CAD patients undergoing PCI.

Methods

Study Design and Sample Collection

We conducted a double-blind parallel randomized controlled
trial in Cipto Mangunkusumo General Hospital and Jakarta
Heart Center, Jakarta, Indonesia, with consecutive sampling
method among 50 stable CAD patients undergoing PCI.
Inclusion criteria were patients with range of age 30
to 75 years, stable CAD with stenosis >70% and non-
calcified lesion. Exclusion criteria were stable CAD with
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history of myocardial infarct or unstable angina within
the last three months, total occlusion in angiography, new
Left Bundle Branch Block (LBBB), use of steroids or
immunosuppressants, those with condition of increased
inflammatory parameters (high-sensitivity ~C-reactive
protein (hsCRP) and sCDL40) and free radicals such as
acute or chronic infection, malignancy, hyperthyroidism,
and acute or chronic kidney disease.

Based on previous study, the standard deviation (SD)
for MDA change was 9.5.(14) To detect this difference,
25 participants recruited to each group would provide
80% power with 5% probability of type 1 error (0.05). All
procedures performed in this study was approved by the
Ethics Committee of the Faculty of Medicine, University of
Indonesia (No. 101/UN2.F1/ETIK/2015).

Intervention

Subjects were allocated in a 1:1 to the 2 groups used
computerized random number generator sequence (google
random generator) with range of number were 1 to 50, first
sequence was curcumin group and the second sequence was
placebo group. Randomization and allocation concealment
was prepared by third party (research promotor) with
no involvement in trial. They wrote patient number on
the outside of brown envelope and the drug code (A or
B) were sealed inside the brown envelope. Placebo or
curcumin was prepared by drug company using identical
taste, color of the powder and the capsules. The capsules
were put in plastic bottle, each bottle contain 27 capsules
placebo or curcumin. Bottles were coded A or B. Then,
subjects were given a plastic bottle according to the serial
number of the patient and the drug code inside the brown
envelope. The drug code was recorded by the researchers
after recruitment was completed and the brown envelope
was opened by the research promoter, after all data and
laboratory examinations were completed. Researchers and
patients were blinded in this study. Either placebo or 15 mg
curcumin were given three times a day from 7 days pre-PCI
until 48 hours post-PCI, besides standard medication using
100 mg aspirin, 300 mg clopidogrel and 20 mg simvastatin/
atorvastatin. Volume contrast of PCI was around 100 mL.
We used intravascular ultra sound (IVUS) to assess before
and after stent placement. Blood samplings for MDA, GSH
were taken 7 days pre-PCI before used curcumin/placebo,
24 hours and 48 hours post-PCI.

MDA Examination

All samples were examined in Prodia Laboratory, Jakarta,
Indonesia. The principle of measuring MDA serum was
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based on the reaction of the chromogenic reagent N-methyl-
2-phenylindole (NMPI). The procedure for examining GSH
serum was based on the formation of thione chromophoric
formation. Tris (2-carboxyethyl) phosphine (TCEP) reduced
oxidized GSSH to GSH. Addition of base to specimen
created a specific B-elimination towards GSH-thioether that
produced a chromophoric compound.

Statistical Analysis

After normality test Kolmogorov-Smirnov revealed normal
data spread (p>0.05). All categorical data were presented as
frequency (%) and numeric data with normal distribution
were presented as meantSD while abnormal distribution
were presented as median (minimum-maximum). The
comparison between curcumin and placebo group was
analyzed using Mann Whitney test, the comparison between
3 times of measurement was analyzed using Friedman test
and the comparison within baseline to 24 hours post-PCI,
24 hours to 48 hours post-PCI and baseline to 48 hours
post-PCI was analyzed using Wilcoxon test. All data were
analyzed using SPSS statistics for Windows version 21
(IBM Corporation, Armonk, NY, USA). The p-value<0.05
was considered significant.

Results

From 54 subjects, 4 subjects were excluded. We randomized
the subjects to curcumin group (n=25) and placebo group
(n=25) (Figure 1). There were 28 male and 22 female with
average age was 601 years, median of BMI was 25.6 Skg/m2,
which 26 patients were smoking, 26 patients had history of
myocardial infarct, 1 patient had history of stroke and 20
patients had history of PCI. According to echocardiography
data, median of right ventricle function (TAPSE) was 16
mm and mean of left ventricle function was 55.6%. Lipid
profile test showed median of total cholesterol was 176.1mg/
dL, High Density Lipoprotein (HDL) was 48.1 mg/dL,
Low Density Lipoprotein (LDL) was 107.6 mg/dL, and
triglyceride was 165.9 mg/dL. PCI characteristics showed
there were 35 patients who had left artery descending
(LAD) occlusion, 11 patients had right coronary artery
(RCA) occlusion and 4 patients had left circumflex (LCx)
occlusion.

All patients were given 1 drug-eluting stent based
on the lesion. Table 1 showed general and clinical
characteristics of the subjects. We found no complications
during procedure PCI and no side effects of curcumin such
as nausea or vomiting.
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Recruit subjects
(n=54)
Excluded
Did not meet inclusion criteria (n=2)
Declined to participate (n=1)
Dropped out (n=1)
Randomized
(n=50)
Curcumin group Placebo group
(n=25) (n=25)
Lost follow up Lost follow up
(n=0) (n=0)

| Analyzed (n=25)

Figure 1. Diagram of trial subjects.

Analyzed (n=25)

MDA Change

MDA change in both group were not statistically significant.
Similarly, test results of MDA change between baseline, 24
hours post-PCI, and 48 hours post-PCI were not substantial
in both group (p=0,6; 0,7; 0,7, in each episode, respectively).
The level of MDA transformation was also not significant
between curcumin (p=0.6) vs. placebo group (p=0.3).
Table 2 and Figure 2A showed that supplementation with
curcumin for 48h can decrease MDA level although not
statistically significant, compared to placebo (A2=-0.06 vs.
0.03; p=0.9). The level of MDA transformation in curcumin
group from baseline to 24 hours post-PCI, 24 hours to 48
hours post-PCI and baseline to 48 hours post-PCI were also
not significant (p=0.3; 0.2; 0.9 vs. p=0.2; 0.3; 0.9) compared
with placebo group (Figure 3).

GSH Change

While curcumin groups showed contradictory result, in
which GSH level decreased post-PCI, this result was not
statistically significant. Likewise, test results of GSH change
between baseline, 24 hours post-PCI, and 48 hours post-PCI
were not substantial in both group (p=0.9; 0.3; 0.3, in each
episode, respectively). The level of GSH transformation was
also not significant between curcumin (p=0.3) vs. placebo
group (p=0.1). Table 2 and Figure 2B showed detailed
data for these changes. GSH level in curcumin group
contradictory with placebo group from baseline to 48 hours
(A2=-19.09% vs. 11.4%; p=0.6). GSH level was decreased
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Table 1. Clinical subject and procedure characteristics.

Group
Variable p-value
Placebo (n=25) Curcumin (n=25)
Age (years), meantSD 60.60£7.99 62.7+6.46 0.3}
Gender, n (%)
Male 13 (52.0) 15 (60.0) 0.6*
Female 12 (48.0) 10 (40.0)
History of myocardial infarct, n (%)
Yes 11 (44.0) 15 (60.0) 0.3%
None 14 (56.0) 10 (40.0)
History of ischemic stroke / transient ischemic stroke, n (%)
Yes 0(0.0) 1(4.0) 1.07
None 25.0 (100) 24 (96.0)
Smoking, n (%)
Yes 11 (44.0) 15 (60.0) 0.3*
None 14 (66.0) 10 (40.0)
History of percutaneous coronary intervention, n (%)
Yes 7 (28.0) 13 (52.0) 0.09*
None 18 (72.0) 12 (48.0)
History of coronary artery bypass grafting, n (%)
Yes 0(0.0) 0(0.0) -
None 25 (100) 25 (100)
Body weight (kg), median (min—max) 66 (38-127) 67 (54-84) 0.2¥
Body height (cm), meantSD 160.5+7.15 161.748.72 0.6°
Body mass index (kg/m’) , median (min-max) 25.7(16.9-47.8) 25.6 (21.2-32.7) 0.5*
Right ventricle function/TAPSE (mm), median (min-max) 16 (11-22) 16 (11-22) 0.3*
Left ventricle function (%), meantSD 55.6+8.17 56.3£7.56 0.8%
Systolic (mmHg), meantSD 134.8+£14.96 134.9+£13.31 0.9%
Diastolic (mmHg), meantSD 76.3£8.21 77.7£9.89 0.6°
Hemoglobin (g/dL), meantSD 14.1£3.39 13.6£1.21 0.3%
Hematocrit (%), meantSD 40.3+4.12 41.1£3.39 0.5
Leukocyte (x10%/mL), median (min-max) 8.2 (4.8-16.5) 8.2 (3.9-10.5) 0.6"
Thrombocyte (x10°/mL), median (min-max) 262.4 (135.0-405.0) 262.0 (116.0-438.0) 0.6
Estimated glomerular filtration rate, median (min-max) 68.8 (20.3-111.7) 68.8 (24.0-98.7) 0.9*
Triglyceride (mg/dL), median (min-max) 165.9 (61.0-346.0) 165.9 (40.0-897.0) 0.7"
Total cholesterol (mg/dL), median (min—max) 176.1 (100.0-437.0) 176.1 (97.0-265.0) 0.8*
HDL (High density lipoprotein), median (min-max) 48.1 (29.0-82.0) 48.1 (32.0-75.0) 0.4*
LDL (Low density lipoprotein), median (min—max) 107.6 (37.0-339.0) 107.6 (39.0-172.0) 0.9"
HbAlc (Hemoglobin Alc) (%), median (min-max) 7.2(5.2-11.1) 7.2 (5.0-10.2) 0.3%
Blood vessel, n(%)
Left artery descending (LAD) 14 (56.0) 21 (84.0) 1.0*
Left circumflex (LCx) 3(12.0) 1(4.0)
Right coronary artery (RCA) 8(32.0) 3(12.0)
Before dilatation, median (min—max)
Balloon inflation (seconds) 15 (15-20) 15 (15-20) 1.0
Balloon length (mm) 15 (15-20) 15 (15-20) 1.0°
Balloon pressure (atm) 12 (8-12) 12 (8-14) 0.264°
Amount of stent 1 1 1.0°
Stent placement, median (min-max)
Stent length (mm) 38 (20-38) 38 (20-38) 0.625"
Stent diameter (mm) 3(2.5-3.5) 2.75(2.5-3.5) 0.314°
Drug eluting stent, n (%)
Yes 25 (100) 25 (100) -
None 0(0) 0(0)
Deploy stent pressure (atm), median (min—max) 14 (12-16) 16 (10-16) 0.286°
Deploy stent duration (seconds), median (min—max) 20 (18-22) 20 (15-20) 0.984°

*Chi-square test; YUnpair t-test; Fisher exact test; ¥Mann-Whitney test.
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Table 2. Median of serum level in patients with CAD before PCI, 24 hours, 48 hours post-PCI and delta of serum level
between baseline vs. 24 hours post-PCI and baseline vs. 48 hours post-PCI.

Serum Markers, Median of Serum Levels*

Delta of Serum Levels

MDA (mM) Baseline 24 hours 48 hours p-value’ Al A2
0.28 0.29 0.22
Curcumin 0.6 0.01 3.40% -0.06 21.40%
(0.4-119) (0.2 - 155) (0.4 - 68.2)
0.27 0.3 0.3
Placebo 0.3 0.03 9.20% 0.03 0%
(0 - 68.4) (0.4-182) (0.5-13.9)
p-valueI 0.6 0.7 0.7
GSH (mM) Baseline 24 hours 48 hours p-value’ Al A2
. 200.1 150.4 161.9
Curcumin -49.7 24.80% -38.2 19.09%
(322-359.8)  (43.1-570.2) (27.1-425.9)
164.8 176.9 183.6
Placebo 0.1 12.2 7.40% 18.8 11.40%
(43.4-328.1)  (66.2-583.3) (88.1-659.3)
p-value' 0.9 0.3 0.3

Al indicates the intra-group difference between baseline and 24 hours post-PCI; A2 indicates the intra-group difference
between baseline and 48 hours post-PCI; p-value! for comparison between curcumin and placebo (Mann Whitney test);
p-value? for intra-group comparisons between baseline, 24 hours and 48 hours post-PCI (Friedman test).

after 24h of curcumin supplementation (A1=-49.7) but then
slightly increased after 48h (A2=-38.2). While in placebo
group the level of GSH keep slightly increasing (A1=12.2
and A2 =18.8). (Figure 3).

Discussion

Fifty participants were randomly assigned to receive
curcumin or placebo. The primary outcomes of this
study were examined curcumin’s antioxidant properties

0.4 4

0.34

0.24

Median MDA (mM)

0.1+

0 24 48
Measurement Time (hours)

in reducing oxidative stress of post-PCI in stable CAD.
Compared with placebo, curcumin was not statistically
significant. The result of this study showed no complications
during procedure PCI and no side effects of curcumin. The
curcumin intoxication was indeed rare and the symptoms
are mild.(15-17)

MDA is a product of lipid peroxidation resulted from
the breakdown of polyunsaturated fatty acids (PUFA)
contained within the endothelial membrane by ROS.
MDA increase is not only found in CAD, but also after
PCI because of ischemia-reperfusion injury. This type of
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Figure 2. Trend of MDA serum level (A) and GSH serum level (B) in curcumin and placebo groups. Red line: curcumin; Green line:

placebo. Data are presented in median (minimum-maximum).
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Figure 3. Analysis delta of MDA serum level (A) and GSH serum level (B) in curcumin and placebo groups. Black bar: curcumin;
White bar: placebo. *Comparison within group was analyzed using Wilcoxon test.

injury triggers ROS production, causing lipid peroxidation.
Based on that fact, MDA can be used as a mean of oxidative
stress measurement caused by ischemia-reperfusion injury.
(18) A study enrolled 10 stable ACS patients undergoing
PCI. This study compared baseline MDA (before balloon
inflation) with right after balloon deflation (60 seconds of
balloon occlusion) and 60 seconds after balloon deflation.
A significant increase of MDA level happened right after
deflation and returned back to baseline after 60 seconds
post deflation.(19) Another study on 120 post-PCI patients
categorized its population into rosuvastatin group (n=55)
and control group or without statin (n=65). These groups
had increased MDA 2 hours post-PCI and then decrease
up to 4 weeks post-PCIL.(20) Our study showed decreased
MDA from baseline to 48 hours post PCI compared with
placebo group. Decreased MDA level in curcumin group
was considered caused by curcumin’s antioxidant properties
as it effectively takes ROS and inhibits lipid peroxidation.
The mechanism of curcumin’s antioxidant properties
revealed curcumin has conjugated structures consisting of 2
methoxylated phenol and 1 -diketon. Methoxylated phenol
acts as hydrogen donor and B-diketon acts as an electron
donor.

MDA change was attributed to GSH serum level
change. Our study showed decreased stress oxidative level
in curcumin group not statistically significant. It was thought
that lipid peroxidation activity in these subjects was already
repressed by simvastatin/atorvastatin, making MDA changes
no longer significant post-PCI. The reduction of stress

oxidative by curcumin supplementation was dependent on
the dose of curcumin and the duration of treatment. This
study showed that curcumin supplementation supported
antioxidant properties in simvastatin/atorvastatin that
given to patient before PCI. Previous study results reported
proven reduced activity of lipid peroxidation using statin
in humans.(21) A study about atorvastatin effect on MDA
serum concentration enrolled 12 subjects with 40 mg of
atorvastatin daily. They measured MDA level at 1 month
and 6 months of treatment and compared the results with
their level before treatment. This resulted in significant
reduction of MDA level after 1 month of treatment (p<0.05)
and 6 months of treatment (p<0.01).21 Similar result was
also showed significant reduction of MDA level after 1
week (p<0.05) and 4 weeks post-PCI (p<0.05) in the group
with rosuvastatin.(20)

Oxidative stress is an imbalance of pro- and anti-
oxidants which has the potency to cause tissue injury.(22)
PClI causes a shortischemic episode of myocardium when the
balloon is inflated that cause oxidative stress in endothelial
tissue.(19,23,24) Direct measurement of oxidative stress
and free radicals are very difficult because they are highly
reactive and have an extremely short half-life. Although in
vitro, oxidative stress can be measured using endogenous
antioxidant molecules, such as GSH. Serum GSH shows
endogenous defense activity.(25) Curcumin reduced
the oxidative stress process by elimination of ROS.(12)
Curcumin’s role in eliminating free radicals is not just by its

direct antioxidant effect, but also by increasing intracellular
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defense against oxidants. Decreased GSH has a major role
in cellular defense and in the detoxification of reactive
oxygen radicals in acute malathion toxicity in rats.(26)

GSH has important role in changing NADPH into
NADP*. NADPH donors a hydrogen ion to neutralize
radical oxygen and radical OH coming from Fenton and
Haber-Weise reaction, which will then be modified into
H,O. GSH also modifies H,O, into H,O with the help of
catalase. H /O, is a molecule produced from ROS with
catalysis by superoxide dismutase (SOD) in the event of
ischemia-reperfusion trauma.

In this study, curcumin supplementation is aimed as an
antioxidant. In oxidative stress conditions, GSH level will be
reduced because of increased consumption or disruption in
its synthesis. Studies about oxidative stress and antioxidant
level in group burst fracture and hepatocellular carcinoma
showed increased MDA level and decreased GSH level
caused by different biological response, in which oxidative
stress insult results in faster MDA change than that of GSH
level.(27-28) Our study showed decreased GSH level from
baseline to 48 hours post-PCI caused by slow protective
response from curcumin to oxidative stress induced by PCI.
Our finding is in line with a study about oxidative stress
level post-PCI that revealed while MDA level increased
immediately after the procedure, GSH level would have not
increased until 14 days post-PCI.(29) Therefore, GSH level
is unable to describe oxidative stress post-PCI rather than
MDA in the acute phase. Curcumin supplementation 45mg/
day for 14 days greatly reduced ischemia-reperfusion injury
in children undergoing Tetralogy of Fallot surgery.(30,31)
Meanwhile, current study had less significant antioxidant
effect due to lower period of treatment.

Limitation of our study was varied stress oxidative
level in myocardial infarction history have potential to
cause bias because there was no matching on the subject.
Further study can be done to observe the GSH level in
longer supplementation of curcuma in post-PCI subjects.
Large-scale and multicenter study are also required to verify
and expand on our conclusions.

Conclusion

Supplementation of 45 mg/day curcumin for 48h could
decrease MDA level but not enough to increase the GSH level
in post-PCI. Therefore curcumin supplementation could be
useful, however RCT with matched subjects, longer period
of treatment and 1-month follow-up is necessary to evaluate
the potential effect of curcumin’s antioxidant properties.
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