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ABSTRACT

Objectives: Antioxidants can reduce oxidative radicals that affect the early phase of atherogenesis, that is
endothelial dysfunction. Polysaccharide Peptide (PsP) derived from Ganoderma lucidum has an active
substance in the form of p-glucan. Previous studies have proven the PsP of Ganoderma lucidum as an
effective antioxidant in atherosclerotic rats and shows no toxicity in animal model. This study aims to
prove the effect of PsP as potent antioxidant in high risk and stable angina patients.
Method: This is a clinical trial conducted to 37 high risk and 34 stable angina patients, which were
determined based on ESC Stable CAD Guidelines and Framingham risk score, with pre and post test
design without control group. The parameters are superoxide dimustase (SOD) and malondialdehyde
(MDA) concentration, circulating endothelial cell (CEC) and endothelial progenitor cell (EPC) counts. The
patients were given PsP 750 mg/day in 3 divided dose for 90 days. Paired t-test was performed for
normally distributed data, and Wilcoxon test for not normally distributed data, and significant level of p
<0,05.
Results: SOD level in high risk patients slightly increased but not statistically significant with p=0,22.
Level of SOD in stable angina group significantly increased with p=0,001. MDA concentration
significantly reduced in high risk and stable angina patients with p=0.000. CEC significantly reduced
both in high risk and stable angina patients, with p=0.000 in both groups. EPC count significantly
reduced in high risk and stable angina with p=0.000.
Conclusion: PsP of Ganoderma lucidum is a potent antioxidant against pathogenesis of atherosclerosis in
stable angina and high risk patients
© 2017 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Atherosclerosis — as leading cause of coronary heart disease — has
endothelial dysfunction as one phase of its development.

Coronary heart disease is the first cause of death in the world,
accountable for approximately 48%of world populace. In 2008, 17.3
millions people die because of heart attack, and World Health
Organization predicted that in the year of 2030, there will be 23.6
millions people that will die because of cardiovascular disease.!

Abbreviations: CEC, circulating endothelial cell; EPC, endothelial progenitor cell;
MDA, malondialdehyde; PsP, polysaccharide peptide; SOD, superoxide dismutase;
LDL, low density lipoprotein; NO, nitric oxide; CVCU, cardio vascular care unit; HSC,
hematopoietic stem cell; SDF, stromal-derived factor; VEGF, vascular endothelial
growth factor.
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Endothelial dysfunction is caused by free oxidative radicals.?

Smoking, hyperlipidemia, hypertension, and high blood sugar
are the source of free radicals, which if not anticipated with
antioxidant will cause oxidative stress. Oxidative stresswill leads
to dysfunction of respiration chain inside mitochondria, causes
tissue damage and endothelial dysfunction.’

Antioxidant systems in the body include superoxide dismutase
or SOD. This enzyme catalyzes the breakdown of superoxide anion
into oxygen and hydrogen peroxide, and nullifies free radicals.* On
another end, increasing malondialdehyde or MDA is known to
increase free radicals production and decreases antioxidant
activity. Imbalance between free radicals and antioxidants can
cause oxidative stress, endothelial dysfunction and finally
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atherosclerosis.>® Thus, it's important to find a potent antiox-
idative agent that can lower oxidative stress, endothelial dysfunc-
tion and prevent or improve atherosclerotic cardiovascular disease.

Ganoderma lucidum can be the agent of choice for this condition.
Ganoderma lucidum is a type of mushroom that has been used for
years throughout Asia, and it is known for the antioxidative, anti
inflammatory, and anti cancer properties.” It is called “Lingzhi” in
China and “Reishi” in Japan. Health benefit of Ganoderma lucidum
impressed some observers and researchers to investigate the
components within it, and found B-p-Glucan as the active
component, which is also found in the polysacharide peptide
(PsP). Ganoderma lucidum has high concentration of p-p-glucan
compared to other organism producing B-p-glucan, such as
Saccharomyces cerevisiae.

Previous study has proven the PsP of Ganoderma lucidum as an
effective antioxidant and anti inflammation in atherosclerotic rats
after 5 weeks treatment.®Another previous study for toxicity of PsP
is also conducted for acute and chronic side effects in animal model
in 5 doses variation and shows no toxic effect in the histopatho-
logic, immunologic, and blood test. It is also not harmful for liver,
kidney, heart, aorta, and lung.® This study aimed to prove the effect
of PsP as potent antioxidant in high risk and stable angina patients.

2. Method

This is a quasi experimental research with pre- and post-test
design, single-blinded, to know the effect of PsP to 34 stable angina
patients and 37 high risk patients, which were determined based
on ESC Stable CAD Guidelines and Framingham risk score, without
control group.

This research was conducted at Cardiology outpatient and
Cardiovascular Care Unit of Saiful Anwar General Hospital Malang,
assisted by Lavalette Hospital Malang, Indonesian Heart Associa-
tion and geriatric association in Malang, Indonesia. Along with
cooperations from Biomedical Laboratory and Physiology Labora-
tory of Faculty of Medicine, Brawijaya University Malang. In
addition, there are Prodia and Proclinic Laboratories for the blood
sampling for each patient.

2.1. Patients

Patients who participated in this research were patients that
come to CVCU, Cardiology outpatient at Saiful Anwar General
Hospital Malang, Indonesian Heart Association Malang, and who
agreed to participate in research and signed the informed consents.

High risk patients are patients without ischemic symptoms and
classified by Framingham Score as high risk. Stable angina patients
are patients with ischemic symptoms at exercises, activities, or
emotional stress, but resolved at rest.

Patients who disagreed to participate in the study, with
Medium Moderate Risk according to criteria of Framingham
Cardiovascular Risk Score, acute hepatitis or renal failure were
exempted from the research. Meanwhile, patients who did not
consume PSP for 3 months (no recovery required every month to
take the drug) and patients with new cardiac symptoms during the
study were dropped out of the research.

All of the protocols in this research have already been approved
through informed consents by the patients and by the Ethical
Committee of Saiful Anwar General Hospital Malang, Indonesia
(no.400/79/K.3/302/2015).

2.2. Polysaccharide peptide
PsP derived from Ganoderma lucidum was supplied by Sahabat

Lingkungan Hidup company in Surabaya. Each was in the form of
freeze dried preparation in which 250mg PsP contains about

180 mg B-D glucan. The patients were given PsP 750 mg/day in 3
divided doses for 90 days. Stable angina patients continued their
previous medications beside PsP until the end of study with the
same dose.

ELISA - SOD was measured using ELISA kits (Elabsciensce,
Wuhan) applied in vitro quantitative determination of human
SOD1 concentrations in plasma collected from pre- and post-tests.
SOD1 can be detected at least at 37.5pg/mL. This kit uses a
competitive ELISA as a method. Microtiter plate on this kit has been
precoated with SOD1. SOD1 in the sample or standard will compete
with SOD1 in solid phase to place in the specific SOD1 Biotinylated
Detection antibody. Conjugates and non-sticking samples are
discarded, and Avidin conjugated to Horseradish Peroxidase (HRP)
is added to each microplate and incubated. Then TMB substrate
solution is added at each well. The enzyme and substrate reactions
at termination with the addition of sulfuric acid solution and color
change were measured spectrophotometrically with a wavelength
of 450 nm + 2 nm. The SOD1 concentration in the sample will be
compared with the OD in the sample on the standard curve. The
samples were collected using Ethylenediaminetetraacetic acid
(EDTA) as anticoagulant, centrifuged for 15 min at 1000 x g at 2-
8 °C within 30 min of collection. The supernatant was collected and
assayed. MDA was measured by ELISA kit (Elabscience, Wuhan)
with Competitive-ELISA method. MDA in the samples competed
with a fixed amount of MDA on the solid phase supporter for sites
on the Biotinylated Detection Ab specific to MDA. Excess conjugate
and unbound sample or standard are washed from the plate, and
Avidin conjugated to Horseradish Peroxidase (HRP) is added to
each microplate well and incubated. Then a TMB substrate solution
is added to each well. The enzyme-substrate reaction is terminated
by the addition of a sulphuric acid solution and the color change is
measured spectrophotometrically at a wavelength of 450 nm +2
nm. The concentration of MDA in the samples is then determined
by comparing the OD of the samples to the standard curve. Samples
were collected from blood samples which were centrifuged for 15
min at 1000 x g at 2-8°C within 30min of collection. The
supernatant was collected and assayed.

2.3. Flow cytometry

CECs (Circulating Endothelial Cells) were assayed using CD45
and CD146 antibodies. Plasma was freshly collected from the blood
samples and assayed using PE anti-human CD45 and anti-human
CD146 antibodies (BioLegend, USA) according to the manufac-
turer’s instructions and analyzed using flowcytometry. EPCs
(Endothelial Progenitor Cells) were assayed using CD133 and
CD34 antibodies. Plasma was freshly collected from the blood
samples and assayed using PE anti-human CD133 and anti-human
CD34 antibodies (BioLegend, USA) according to the manufacturer’s
instructions and analyzed using flowcytometry.

2.4. Statistical analysis

Data are given in mean + SD. To see the differences of pre- and
post-test of high risk patients, paired t-test was performed. If the
normality test indicated the data was not homogeneous, Wilcoxon
will be used. The statistical calculation used SPSS version 21 (SPSS
Inc). The differences considered statistically significant at p <0.05.

3. Results
3.1. Subject characteristics
There were no new ischemic symptoms occurred to the patients

during this study. Systolic and diastolic blood pressure decreased
with the average of 9.72 mmHg and 5.43 mmHg, respectively, in
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stable angina group. In high risk group, the average of reduction in
systolic and dyastolic between pre and post test is 11.89 mmHg and
6.76 mmHg, respectively, as can be seen in Fig. 1.

Both of this data are not normally distributed, and not
significantly decreased, with p=0.22 and p=0.27 for systolic
and diastolic of stable angina group, and p=0.11 and p=0.10 for
systolic and diastolic of high risk group.

3.2. SOD (Superoxide dismutase)

Level of SOD in high risk patients slightly increased from
3.124+0.70U/mL to 3.62 £4.26 U/mL, but not statistically signifi-
cant, with p=0.22. Level of SOD in stable angina group significantly
increased from 3.41 £0.46 U/ml to 5.79 4+-4.19 U/ml with p=0.001
as can be seen in Figs. 2 and 3.

3.3. MDA (Malondialdehyde)

MDA concentration significantly reduced in stable angina
patients after PsP administration, with average from
95.63 £21.27U/mL to 44.844+50.95U/mL, with p=0.000. MDA
concentration in high risk patients are also reduced significantly,
with p=0.000, and the average is 114.13 +£24.56U/mL in pre
administration of PsP, and become 36.84 4-28.39 U/mL after PsP
administration, as seen in Figs. 4 and 5.

3.4. CEC (Circulating endothelial cell)

CEC significantly reduced both in high risk and stable angina
patients, with p=0.000 in both groups. The average count of CEC
reduced from 7.91+49.11cells/pl to 1.76 = 1.56 cells/p.l in stable
angina patients, and from 7.38 +4.44cells/] to 2.23 & 3.05cells/p.l
in high risk patients (see Figs. 6 and 7).

3.5. EPC (Endothelial progenitor cell)

EPC count significantly reduced in stable angina patients after
PsP administration, with average from 15.11 &=7.44cells/pl to
6.14 £ 5.30 cells/pl, with p=0.000. EPC count in high risk patients
are also reduced significantly, with p=0.000, and the average is
12.94 +6.97cells/pl in pre administration of PsP, and become
6.10 & 3.95 cells/pl after PsP administration (see Figs. 8 and 9).

4. Discussion
p-Glucans from different sources have different linkage
types. B-Glucans extracted from both barley or oats were found

to comprise mainly B-(1.3-1.4)-p-glucan. On the other hand,
p-glucan extracted from yeasts and mushrooms comprised
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Fig. 1. Blood pressure measurement: pre and post treatment of PsP in high risk and
stable angina patients.
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Fig. 2. SOD concentration: pre and post treatment of PsP in high risk patients.

10,00

P=0,001

6,00

4,00

Mean of SOD C concentration

Pre PsP treatment Post PsP treatment

Error bars: 95% CI

Fig. 3. SOD concentration: pre and post treatment of PsP in stable angina patients.
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Fig. 4. MDA concentration: pre and post treatment of PsP in high risk patients.
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Fig. 5. MDA concentration: pre and post treatment of PsP in stable angina patients.

10,00
8,00
p= 0,000

6,00

4,00

Mean of CEC concentration

Pre PsP treatment Fost PSP treatment

Error bars: 95% ClI

Fig. 6. CEC count: pre and post treatment of PsP in high risk patients.
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Fig. 7. CEC count: pre and post treatment of PsP in stable angina patients.

mainly p-(1.3-1.6)-p-glucan.'” Beside these differences in linkage
type, the properties of p-glucans are influenced by the molecular
weight, degree of branching, and conformation.'"!? Although the
mechanisms by which B-glucan scavenges hydroxyl radicals are
not yet clarified, the different structures of p-glucan may
influence its antioxidant activity, which may be associated with
the source and extraction method.!® The molecular weight of p-
glucan extracted from barley with warm water is 40,000-
100,000 Da; the oligomer prepared from the macromolecule p-
glucan by enzymatic degradation with lichenase has a molecular
weight of approximately 2000 Da.

The study resulted in the hydroxyl radical scavenging activity of
B-glucan was reduced with a decrease in molecular size. However,
even when the molecular weight was reduced by about 1/20-1/50,
antioxidant activity was reduced only about half. This finding
indicates that p-glucan exerts hydroxyl radical scavenging activity
across a wide range of molecular sizes.!*

In this study, the molecular weight of immunomodulatory
protein in PsP, from Ganoderma lucidum, was between 14.000-
17.000 Da through SDS PAGE method.'°As stated above that the
properties of p-glucan are influenced by the molecular weight. The
molecular weight of p-glucan extracted from Ganoderma lucidum
are supporting its antioxidant effects.

Meanwhile, p-glucan could better modulate MnSOD-related
angiogenesis if the mechanisms underlying it could be studied.
Endothelial cells express Dectin-1, a C-type lectin-like receptor,
and the engagement of Dectin-1 with p-glucan induces MnSOD
expression via histone acetylation. This process shows the binding
of Dectin-1 to B-glucan can induces antioxidant properties in
endothelial.'® These results shows Ganoderma lucidum as potent
antioxidant.

In this study, the level of SOD after given PsP 750 mg/day in 3
divided dose for 90days in high risk patients slightly increased
from 3.12 4+0.70U/mL to 3.624+4.26U/mL, but not statistically
significant, with p=0.22. Level of SOD in stable angina group
significantly increased from 3.4140.46U/ml to 5.79 +£4.19U/ml
with p=0.001. The medication that the stable angina patients
consumed, such as statin, has antioxidative effect that possibly
affected high risk and stable angina patients’ results.”” These
results can also due to the effect of B-glucan that increase
antioxidant enzyme activity of SOD, whereas in stable angina
patients the activity of SOD would be greatly boosted due to the
present pathology, while in high risk patients the levels of SOD
have not reduced too far and then increased just slightly due to this
effect.

It has been proven in some studies that common risk factors for
atherosclerosis, including: hyperlipidemia, diabetes mellitus,
hypertension, smoking, and aging, increase the production of free
radicals, from the endothelial cells, smooth muscle cells, and also
the adventitial cells. Those factors also trigger the expression of
adhesion molecules, proliferation and migration of smooth muscle
cells, and the apoptosis of endothelial cells, lipid oxidation, and
alteration of vasomotor activity.? Subjects in this clinical trial are
stable angina and high risk patients, many of them have
hypertension, diabetes mellitus, hypercholestrolemia, old age
and smoking, with an increased oxidative radicals.

In endothelial dyfunction, free oxidative radicals work as
follow: Superoxide anion (02~) reacts with endothelium-derived
nitric oxide (NO) via a radical-radical reaction at a diffusion-
limited rate to generate peroxynitrite (ONOO-), a potent oxidant
and mediator of vascular tissue injury. Peroxynitrit oxidize
lipoproteins and interupt lipid membranes. The oxidized LDL in
the vessel wall then cause cytotoxicity, excess of superoxide anion
also increase platelet aggregation, adhesion and migration of
monocytes, and matrix degradation.’® Thus, the endothelial
dysfunction begins with imbalance of oxidant and anti-oxidants.
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Fig. 8. EPC count: pre and post treatment of PsP in high risk patients.
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Fig. 9. EPC count: pre and post treatment of PsP in stable angina patients.

SOD which is known as antioxidant, is an enzyme other than
catalase, glutathione peroxidase and paraoxonase, acts in blood
vessel walls and reduce the damage due to oxidative stress.'® SOD
catalyzes dismutation of superoxide anion to hydrogen peroxide,
catalase (CAT) which detoxifies hydrogen peroxide and converts
lipid hydro-peroxides to non-toxic substances.?’

The active component of Ganoderma lucidum’s polysaccharide is
B-p-Glucan. Some studies suggested that p-p-glucan can improves
SOD and some other antioxidants, increases SOD activity and
inhibits lipid peroxidation in animal models.?’?* In the previous
study, PsP can increases SOD in atherogenic mice with dose of 150
mg/kgBW. Another preliminary study on diabetes mellitus mice
showed a significant increase in SOD at a PsP dose of 300 mg/
kgBW.2 These previous studies, along with this study, resulted in
the potent antioxidant properties of PsP for the improvement of
atherosclerosis.

This study also showed that polysaccharide of Ganoderma
lucidum reduced the pro-oxidant significantly in both high risk and
stable angina patients from 114.13 +-24.56 U/L to 36.84 +-28.39U/L
and 95.63 +21.27U/mL to 44.84 + 50.95U/mL, respectively. MDA,
which is one of the products of lipid peroxidation and also one of

oxidative markers has been the most extensively studied marker.
According to Ayala, MDA, which is the main product during lipid
peroxidation, appears to be the most mutagenic product and
involved in many diseases such as Alzheimer’s disease, cancer,
diabetes, and also cardiovascular diseases.?*

Increased MDA levels enhance the production of free radical,
reduce the antioxidant activity and mark the index of assessing
oxidative stress.® Amrita (2016) observed the increase of MDA in
both hyperlipidemic and normolipidemic menopausal women
which indicated the degree of oxidation in heart disease.?” Another
study by Sener et al showed that p-glucan can lower MDA level in
the liver, kidney, heart, lung, diaphragm and brain tissues on sepsis
model rats.® Alp (2012) also described the effect of p-glucan as a
lowering agent for MDA in diabetic rats with 21 days treatment.?”
Other studies also indicate that MDA lowering agents and SOD
increasing agents could be beneficial and considered as therapeu-
tic agents for cardiovascular disease, because they can attenuate
the oxidative injuries in the body.?8-3°

PsP of Ganoderma lucidum is a potential agent for improving
endothelial dysfunction in atherosclerosis by its antioxidant
effects. This is also confirmed with the result of CEC as one of
endothelial dysfunction parameters. CEC significantly reduced
both in high risk and stable angina patients, with p=0.000 in both
groups. The average count of CEC reduced from 7.9149.11 to
1.76 £1.56 in stable angina patients, and from 7.38+4.44 to
2.23 £3.05 in high risk patients.

The CEC counts in patients with acute coronary syndromes
correlate with endothelial dysfunction and with the prothrombotic
state, hence, CECs can act as a blood-based biomarker of
cardiovascular diseases.>'*? Endothelial cells adhere to a basement
membrane in the vascular tree, and these cells would be expected
to remain in this location, with a very low level of cell loss into the
blood, with consequent clearance by the reticuloendothelial
system. Damage to the endothelium causes endothelial cell
detachment, resulting in increased numbers of CECs within the
bloodstream. CECs are considered to reflect the occurrence of
endothelial defects and vascular disruption, and serve as a
biomarker that answers to both diagnostic and prognostic needs.
Because of the close temporal relationship with vascular injury,
CECs are superior to classic cardiac markers such as CK-MB or
cardiac troponin, which show a delayed rise after the actual
coronary event.>® CECs are rarely found in normal healthy
individuals, in the order of <3 cells/ml.

There are various factors that can induced detachment of CEC
from the vascular wall, including mechanical injury to the vascular
wall, after arterial or venipuncture, and acute plaque rupture. ROS
activity along with prolonged inflammation that disrupt the
integrity and adhesion factors of endothelial cells may also induce
endothelial cells detachment from the vasculature.>! The signifi-
cant reduction of CEC in this study, for both high risk and stable
angina patients suggest the improvement of endothelial dysfunc-
tion in atherosclerosis after PsP administration.

In parallel is the hypothesis that EPCs are restorative or
regenerative cells, possibly destined to replace or renew damaged
areas of the intima.

This study shows that EPC count significantly reduced in stable
angina patients after PsP administration, with average from
15.11 +7.44cells/pl to 6.14+5.30 cells/pl, with p=0.000. EPC
count in high risk patients are also reduced significantly, with p
=0.000, and the average is 12.94 + 6.97cells/pl in pre administra-
tion of PsP, and become 6.10 +3.95 cells/pl after PsP administra-
tion.

In patients with cardiovascular disease, the disease process
might be the factor that drives mural endothelial cells into the
blood to become CECs and also reduces levels of EPCs. In acute
myocardial infarction, there were also elevated numbers of both
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CECs and EPCs. Furthermore, stimulatory/therapeutic factors (e.g.,
statins and endurance training) among patients with CAD leads to
both improved endothelial function and increased EPC counts,
although the relationship between therapeutic factors and
decreasing CEC counts has not been studied for cardiovascular
disease.

Endothelial turnover rates are different in individuals. Low
shear stress area has high endothelial death rate suggesting that
cells need a high turnover rate to maintain vessel homeostasis.>?
Endothelial cells in the presence of hyperlipidemia and disturbed
blood flow undergo death and proliferation cycle.>® This study
result shows a significant reduce of CEC but also EPC. As the CEC is
reduced, so there is minimal detachment of endothel and injury in
endothelial cells, suggesting that the endothelial cells do not need
high turnover rate to maintain vessel homeostasis, and will not
induce the mobilization of EPC. A study focused on EPC shows that
there is no significant increase of EPC due to the acute impact of
high dose lipid lowering agents. Another study summarized that
EPC and CEC counts in acute myocardial infarction patients were
higher at baseline after 7, 30, and 180 days, compared to healthy
controls.>*

Lee (2014) reported a decreased EPCs in patients with coronary
artery disease. Impairment and reduced number of EPCs can also
due to exhaustion of endothelial progenitor cells in bone marrow,
reduced nitric oxide bioavailability, and long term statin treat-
ment.*”

According to a study conducted by Alessio et al (2013) in deep
vein thrombosis (DVT) patients, CEC levels were increased
significantly 24 h after induction and decreased after 72 h. The
same phenomenon occurred for EPC levels. In myocardial
infarction, EPC markedly increased with peak values on day 7,
and returned to baseline within 60 days.>®

Mobilization of EPC from bone marrow into the peripheral
circulation and to the site of injury has complex mechanism. The
majority of EPC remain quiescent in the bone marrow. Circulating
hematopoietic stem cell (HSC) migrate towards bone marrow,
proliferate and differentiate within these quiescent cells. Integrin
tethered HSC into stromal cells. Stimulation of these cells induces
proliferation and conversion into functional cells capable of
migration. Translocation of SDF1 (stromal-derived factor 1) from
the plasma to the bone marrow further activates matrix metal-
loproteinase 9 (MMP9) and causes the release of soluble Kit Ligand
(sKitL). After ligand binding, the receptor autophosphorylates for a
prerequisite of migrating EPC from bone marrow. Proteinases then
break the adhesive bonds between EPC and stromal cells, allowing
EPC to exit. Beside these factors, there are also other factors that
modulate EPC mobilization from the bone marrow. These factors
include vascular endothelial growth factor (VEGF), IL-8, Grop, nitric
oxide (NO), erythropoietin, and other inflammatory agents or
pharmacological modulation.>” The anti-inflammatory properties
of B-glucan as reported on the previous study in atherosclerotic
rats, can also reduce the inflammatory factors that modulate the
mobilization of EPC.®

Hence, the EPC mobilization patterns and other contributing
factors for release of EPC also have impact on the study outcome.

Since this study was only 90 days, the significant reduction of
EPC remains a debate whether because of the minimal endothelial
injury that was not enough to induce EPC mobilization, or
decreasing EPC mobilization due to effect of g-glucan.

5. Conclusion
Polysaccharide Peptide of Ganoderma Ilucidum is a potent

antioxidant against pathogenesis of atherosclerosis in stable
angina and high risk patients.

5.1. Limitations

(1)This intervention population is too small to assess a
community issue. (2) 90days duration of intervention may not
be sufficient enough.

5.2. Future prospective

New drug for improving atherosclerosis by its antioxidative
properties.
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