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ABSTRACT

Background: Atherosclerosis occurs as a result of low-density lipoprotein (LDL) deposits oxidation. Endothelial dys-
function is an early process of atherosclerosis. Restoring endothelial lining back to normal by endothelial progenitor
cells (EPCs) is critical for slowing or reversing vascular disease progression. Oxidative stress from hydrogen peroxide
(H,0,) is increased in dyslipidemia so that antioxidant agent is required to prevent destruction of blood vessels.
Objectives: This study aims to report Ganoderma lucidum polysaccharide peptide (PsP) effects in atherogenic
process by measuring H,O, level, IL-10 level, and EPC number in blood serum, and also intima-media thickness of
aorta in dyslipidemia Wistar rat model by giving them a hypercholesterol diet (HCD).

Materials and methods: The study was an experimental in vivo post-test with control group design. Thirty-five
Wistar rats (Rattus norwegicus) were divided into five groups (normal diet group, HCD group, and hypercholes-
terol groups that received 50 mg/kg, 150 mg/kg, and 300 mg/kg bodyweight PsP).

Results: Each treatment group showed significant results for the administration of PsP using the one-way analysis
of variance test (p<0.050) for the reduction of H,O, (p = 0.003), levels of IL-10 (p = 0.027), number of EPC in the
blood serum (p = 0.011), and the intima-media thickness of the aorta (p = 0.000). PsP from G. lucidum is a potent
antioxidant and may prevent atherogenesis process in patients with dyslipidemia.

Conclusions: The optimum doses of PsP in this study is 300 mg/kg bodyweight. Further studies are required to
determine the antioxidant effects of PsP G. lucidum and its benefits in the management of dyslipidemia.
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Introduction

Mortality from coronary heart disease (CHD) caused by
atherosclerosis increases sharply in both industrial and de-
veloping countries (1). Prevalence of atherosclerotic CHD has
been increasing yearly and has been declared by the World
Health Organization (WHO) as a global threat (2). It is estimat-
ed that 1.9 billion people, or one-third of the world’s popula-
tion, are affected by this disease. In Indonesia, morbidity and
mortality from CHD are likely to increase and the mortality
rate has reached 50% of population (2).
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Risk factors for atherosclerosis include dyslipidemia,
free radicals, endothelial dysfunction, and inflammation
(3). Signs of inflammation occurred from the beginning until
the development of atherosclerosis. Inflammation showed
an important role in the development of atherosclerotic le-
sions affecting the coronary arteries (4). Increased levels of
cholesterol in blood, especially low-density lipoprotein (LDL)
cholesterol, is harmful because of the peroxidation process
(auto-oxidation) of lipids which are exposed to oxygen. An
excessive intake of calories can lead to an increase in the ac-
tivity of the citric acid cycle, which produces reactive oxygen
species (ROS) (5). Macrophages activated by the presence
of ROS produce various pro-inflammatory cytokines, such as
TNFa, IL-1 and IL-6, as well as anti-inflammatory cytokines
such as IL-10. IL-10 is an inhibitor of macrophages and den-
dritic cells, and is mainly produced by Th2 cells and activated
macrophages (6). IL-10 attains significant role in controlling
non-specific immune response and cellular immunity (7).

Lipid peroxidation is a chain reaction that continues to pro-
duce ROS, such as OH-, RO, and hydrogen peroxide (H,0,) (5).
H,O, activates nuclear factor kappa beta (NF-kB). NF-kB is a
transcription factor that plays an important role in controlling
various biological effects such as inflammation, immune sys-
tem, cell proliferation, cell differentiation, tumorigenesis, and
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cell apoptosis (8). Activation of NF-kB is a process when trans-
location of NF-KB subunit from the cytoplasm into the nucleus
happens and stimulates the expression of pro-inflammatory
genes such as cytokines (TNF-a and interleukins), adhesion
molecules (ICAM-1 and VCAM-1) and chemokines. NF-kB ac-
tivation products initiate the process of atherosclerosis and
endothelial dysfunction characterized by the increase of in-
ducible nitric oxide synthase (iNOS), platelet adhesion, migra-
tion and proliferation of smooth muscle cells (9).

Vascular endothelial damage (endothelial dysfunction)
is the initial process of atherosclerosis formation. Underly-
ing mechanisms of endothelial dysfunction associated with
production and bioavailability of nitric oxide (NO), oxidative
stress, adhesion molecules and production of chemokines
such as macrophage chemoattractant protein-1 (MCP-1) and
plasminogen activating factor inhibitor (PAI-1), all of which
contribute to enhance the inflammatory response involved
in the development of thrombus either directly or indirectly
(10). It further increases the exposure of adhesion molecules
on endothelial cells and decreases the ability of the endothe-
lium to release NO and other substances that help to prevent
attachment of macromolecules, platelets, and monocytes
to the endothelium (11). The loss of NO can cause smooth
muscle proliferation in the intima-media of a blood vessel.
These conditions can be triggered by hypercholesterolemia
that leads to intima-media thickening (12). Nowadays, the
thickness of the intima-media of a blood vessel, is used as an
early screening of atherosclerosis (13).

Endothelial dysfunction is a hallmark of cardiovascular
and cerebrovascular disease. Restoring the endothelial lin-
ing to normal is critical for slowing or reversing the progres-
sion of vascular disease (14-16). Recent studies suggest that
a damaged endothelial lining can be restored by endothelial
progenitor cells (EPCs). Circulating EPCs derived from bone
marrow contribute to the repopulation by seeding the inti-
mal lining with new cells. These circulating EPCs home in on
injured areas and accelerate the regeneration of new endo-
thelium (17-19). EPCs also play a role in neovascularization
and determine the prognosis of cardiovascular disease. The
number of functional EPCs is a reflection of the body’s ability
to repair blood vessel’s inner lining after injury due to expo-
sure of the risk factors of cardiovascular disease (20).

A source of antioxidants such as polysaccharide peptides
(PsPs), is required to compensate the increased oxidative
stress. PsPs are protein-bound polysaccharide extracts that
may be obtained from the extraction of plants and fungi,
one of which is Ganoderma Ilucidum (21). There are several
bioactive substances that can be identified and isolated from
G. lucidum, such as triterpenoids, polysaccharide, nucleo-
sides, sterols, and alkaloids, which show its function and
role as an anti-inflammatory, antioxidant, anti-tumor, im-
munomodulatory, and radioprotector in previous studies
(22). PsP is also reported for its scavenger activity against
free radicals, although its effect is still 100 times less po-
tent than ascorbic acid (Vitamin C) (23). This study aims to
report the effects of G. lucidum PsP in atherogenic process
by measuring levels of H,0,, levels of IL-10 and humbers of
EPCs in the blood serum, and also the intima-media thick-
ness of the aorta, in Wistar rats model of dyslipidemia, by
giving them HCD.
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Materials and methods
Ganoderma lucidum polysaccharide peptide

PsP was supplied by Sahabat Lingkungan Hidup Partner
Labs, Surabaya, Indonesia, in the form of capsules containing
250 mg of an extract of G. lucidum. Each gram of PsP con-
tained 200 mg of B-D-glucan. PsP was administered to the
animal models daily via oral gavage in the last 4 weeks of the
study. The HCD was obtained from the Laboratory of Pharma-
cology, Medical Faculty, Brawijaya University and was given to
the rats for 12 weeks.

Animals

We used Guidelines on the Care and Use of Animals for Sci-
entific Purposes National Advisory Committee for Laboratory
Animal Research for care of the animals in this study. Thirty-
five Wistar rats (Rattus norwegicus), 8 weeks of age and
weighing 150-200 g, were obtained from CV Gamma Scientific
Biolab (Malang, Indonesia). These rats were divided into five
groups: negative control group (a normal diet group); posi-
tive control group (a group fed with HCD); and three groups
fed an HCD and administered with three different doses of
G. lucidum PsP (50 mg/kg, 150 mg/kg, and 300 mg/kg body-
weight). Those three groups were named HCD + PsP 50 mg,
HCD + PsP 150 mg and HCD + PsP 300 mg. Each treatment
group consisted of seven rats.

Hypercholesterol diet (HCD)

HCD was given throughout this study (12 weeks). HCD con-
sisted of: high amounts of cholesterol, colic acid and lard to
increase LDL cholesterol levels in rat’s blood (24). Lard contain
high cholesterol levels compared to the other animal oil. Colic
acid was given because without this the administration of high-
fat diet will not increase cholesterol levels and atherosclerotic
plaque development in 12 weeks. HCD was administered to cre-
ate a dyslipidemic condition, which can lead to atherosclerosis.

Blood sampling

Blood samples were obtained via cardiac puncture. The
blood samples were preserved in the Laboratory of Physiology,
Brawijaya University, Malang, Indonesia.

HZOZ measurement

Levels of H,0, in rat plasma were measured using a
colorimetric hydrogen peroxide kit (Assay Design, Abcam,
Cambridge, MA, USA) and observed at 570 nm using an
enzyme-linked immunosorbent assay reader (ELISA Kit,
Boehringer-Mannheim GMBH, Mannheim, Germany).

EPC measurement
Numbers of EPCs in the blood circulation were measure
with Flowcytometry. EPCs were analyzed by CD34 per CP Santa

Cruz SC-19621 and CD 133 FITC (fluorescein isothiocyanate)
Bioss bs-0395R-FITCmarker.
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Interleukin (IL)-10 measurement

The levels of IL-10 in rats’ blood serum were measured by
ELISA test. Three different ELISA kits (BT Lab, Gwang-dong,
South Korea) were used for measuring each parameter.

Measurement of tunica intima-media thickness

Aorticintima-media thickness measurements in this study,
used Dot Slide Microscope. The image results obtained in this
study were read by OlyVIA software with 400x magnification.
Wall thickness can be measured by drawing a perpendicular
line from the line of the inner intima to the outer media.

Ethics

We obtained ethical approval for the animal treatment
and experimental processes in this study from the Ethics Com-
mittee for Health Research Number 462/EC/KEPK/08/2013.
Euthanasia was administered to the rats using ether, then
the rats were dissected and aortas were taken. The aorta was
placed in 10% formalin for preservation before the making of
the slide.

Statistical analysis

The one-way analysis of variance (ANOVA) test was used
to determine the effects of PsP on the levels of H,0, and the
levels of IL-10 in Wistar rats with dyslipidemia. This analysis
was continued by the post hoc test using the Duncan method
to detect differences in parameters in each treatment group.
SPSS software version 20 (IBM Corporation, New York, NY,
USA) was used for data analysis.

Results

The number of circulating EPCs, measured through CD 34
(+) marker in all groups in this study ranged from 0 to 96 cells.
HCD + PsP 300 mg group had the highest average number of
EPCs (25.80 cells), compared to the other groups. The posi-
tive control group had the lowest average number of EPCs
(0.75 cells). PsP administration significantly increased the av-
erage number of circulating EPCs in the blood circulation. It
was proven from the average number of EPCs in the groups
administered with PsP, which have higher number of EPCs,
compared to positive and negative control groups. Therefore,
the increased dose of PsP is in synergy with the increase of
average number of circulating EPCs in the blood circulation.

Based on one-way ANOVA test in the 95% confidence in-
terval, it was concluded that the PsP administration signifi-
cantly affects the increased of EPC numbers (p = 0.011). The
results of post hoc analysis showed that the number of EPCs
in the negative control group and HCD + PsP in various doses
have different average numbers of EPCs. This suggests that
the administration of PsP at doses of 50, 150 and 300 mg may
increase the number of EPCs significantly, in the group of rats
with dyslipidemia.

H,O, levels in experimental groups ranged from 9.25-
145.50 nmol. The highest average levels of H,0, were in the
positive control group, while the lowest average levels of H,O,
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were in the negative control group. Rats in the treatment
groups which were fed with HCD and 50 mg/kg, 150 mg/kg
and 300 mg/kg dose of PsP had H,O, levels around 10.38-
119 nmol. The increased dose of PsP tends to decrease the
average levels of H,0,. Based on one-way ANOVA test in the
95% confidence interval, it was concluded that there are sig-
nificant differences in the levels of H,0, (p = 0.003). The re-
sults of post hoc analysis showed that the levels of H,0, in the
positive controls and HCD + PsP 50 mg groups are significantly
different with the negative control and the HCD + PsP 300 mg
group. Based on these results, the administration of PsP at a
dose of 300 mg in rats with dyslipidemia, significantly affect
the decreased levels of H,0, to its normal level.

The levels of IL-10 in the experimental group ranged from
68.66 to 311.94 pg/mL. The highest average level of IL-10 was
in the positive control group and the lowest average levels of
IL-10 were in the HCD + PsP 300 mg group. In the treatment
groups that were fed with HCD and 50 mg/kg, 150 mg/kg
and 300 mg/kg dose of PsP had IL-10 levels about 68.66-
206.54 pg/mL. The increased doses of PsP tend to be fol-
lowed by the decrease of IL-10 average levels. The results of
one-way ANOVA test and post hoc analysis in the 95% con-
fidence interval, showed that the administration of 50, 150
and 300 mg doses of PsP, can reduce the levels of IL-10 signifi-
cantly in the rats with dyslipidemia (p = 0.027).

Aortic intima-media thickness in the experimental group
ranged between 68.53 um to 104.25 um. The lowest aver-
age value of the aortic intima-media thickness obtained in
the HCD + PsP 300 mg group (70.66 um) and highest was
in the positive control group (90.80 um). Statistical analysis
showed that there were significant differences (p<0.05) be-
tween the negative control group and the positive control
group. It suggests that there was no atherogenesis process
in rats; thus, aortic intima-media thickness is much smaller
than the positive control group. Meanwhile, when the aortic
intima-media thickness of HCD + PsP 300 mg group (70.66 +
0.53 um) was compared to the positive control group (90.80 +
8:28 um), aortic intima-media thickness in this group was
much smaller, as well as when compared with the other treat-
ment groups. This suggests that higher dose of PsP can reduce
intima-media thickness more significantly (p<0.05). Based on
one-way ANOVA test in the 95% confidence interval, it was
concluded that there were significant differences of intima-
media thickness at least in two treatment groups (p = 0.000).
The results of post hoc analysis showed that administration of
PsP 300 mg in rats with dyslipidemia, significantly affects the
decline of intima-media thickness to its normal thickness. The
hematoxylin and eosin (HE) staining results of the intima-me-
dia thickness in each treatment group can be seen in Figure 1.

The results of HE staining were observed using dot scan
OlyVIA with 40 times maghnification, and it shows rat aortic
intima-media thickness, as seen in Figure 1.

Discussion

Although endothelial dysfunction is associated with the
development of atherosclerosis, the function of EPCs as prog-
nostic markers has only recently been demonstrated (25). In
a study of 44 patients with coronary artery disease (CAD)
and 33 patients with acute coronary syndrome followed up
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for a median of 10 months’ duration, a reduced number of
EPCs was associated with a significantly higher incidence of
cardiovascular events (25). In another larger study with 519
patients with stable CAD, increased levels of EPCs were re-
lated to reduced risk of death from cardiovascular causes,
a first major cardiovascular event, revascularization and
hospitalization (26).

Currently, EPCs are defined as cells positive for both he-
matopoietic stem-cell markers such as CD34 and an endothe-
lial marker protein such as VEGFR2. CD34 is not exclusively

W
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Fig. 1 - Intima-media thickness in
each treatment group: (A) rat aorta in
negative control group; (B) rat aorta
in positive control group; (C) rat aorta
in HCD + PsP 50 mg/kg bodyweight
(BW) group; (D) rat aorta in HCD + PsP
150 mg/kg BW group; (E) rat aorta in
HCD + PsP 300 mg/kg BW group. He-
matoxylin and eosin staining. 400x
magnification.

expressed on hematopoietic stem cells, but also on mature
endothelial cells. Other studies have used the more immature
hematopoietic stem-cell marker CD133 and demonstrated
that purified CD133-positive cells can differentiate endothelial
cells in vitro (27, 28). Thus, CD133 + VEGFR2 + cells are more
likely to reflect immature progenitor cells, whereas CD34 +
VEGFR2 + may represent shed cells of the vessel walls (28). Fa-
dini et al first demonstrated that the number of EPCs marked
by CD34+/CD133+/KDR+ is significantly decreased in diabetic
patients with peripheral artery disease (PAD) compared to

© 2017 The Authors. Published by Wichtig Publishing
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those who suffered diabetes alone (29, 30). This finding was
further supported by another paper from Fadini where they
reported significantly lower CD34+/KDR + EPCs in PAD patients
compared to healthy controls (30). Research conducted by Fa-
dini et al, supports the results of this study, which showed the
average number of EPCs in the positive control group receiving
HCD is lower than the negative control group and the treat-
ment groups with 50, 150 and 300 mg/kg doses of PsP.

Some studies showed conflicting results and this may be
due to the varying definition of EPCs using different methods
of identification, different timing of blood sampling, different
severity of native disease and concomitant medication and
comorbidities that may affect EPC numbers and functions.
EPCs have also been shown to be useful prognostic markers in
predicting events in patients with CAD (31). The administra-
tion 50, 150 and 300 mg/kg of PsP can increase the average
number of circulating EPCs in the blood vessels, even until it
exceeds the average number of EPCs in the negative control
group. It proves that the administration of antioxidants con-
tained in PsP is able to significantly increase the number of
EPCs in rats (p = 0.011), although these groups also received
HCD. This study also reveals the antioxidant properties of
high doses of PsP (300 mg/kg bodyweight) to EPC compared
to other treatment groups. This result is supported by one
previous study of anti-oxidative and anti-atherogenic effects
of high dosages of PsP against all parameters of atherogenic
processes; which are foam cells, intimal-medial thickness,
and insulin resistance, and thus, confirms the absolute anti-
oxidant benefits of PsP (32).

H,0,, a particular variant of reactive oxygen species (ROS),
plays a role in the activation of inflammatory genes, including
NF-kB translocation to the nucleus (32). The oxidant status
also shows an enhancement of GSH and SOD as antioxidant
parameters and MDA reduction as oxidative marker (33). In
the early stages of atherosclerosis, endothelial cells contrib-

TABLE | - Measurement results of parameters
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ute to the formation of ROS. ROS formation from smooth
muscle cells and fibroblasts occurs after endothelial cell dys-
function. Table | shows that the levels of H,0, in the various
treatment groups ranged from 9.25 to 145.50 nmol. Negative
control group, had lower levels of H,0, ranged from 9.25 to
18.00 nmol, whereas the positive control group, which was
fed with HCD, had H,0, levels ranged from 62.13 to 145.50
nmol. The results of this study showed an increase in H,0,
levels, especially in the group which was fed with HCD. The
increased levels of H,O, in this study were due to HCD that
increased LDL cholesterol levels in rats. Hypercholesterolemic
conditions over a long period will lead to the increased pro-
duction of ROS.

PsP from G. lucidum is a source of antioxidants to reduce
the level of oxidative stress. PsP is able to act as a scaven-
ger against free radicals. In addition, PsP also has been re-
ported to have anti-inflammatory activity (33). G. lucidum
PsP prevents endothelial damage through its activity as an
antioxidant that inhibits oxidative stress, especially from H,0,
(34). The treatment group fed with HCD and PsP had H,0,
levels which are lower than H,0, levels in the positive control
group. The average levels of H,O, tend to decline to normal
levels with the administration of higher doses of PsP. In ad-
dition, the results of one-way ANOVA test showed that PsP
administration significantly reduced H,0, levels (pV = 0.003)
to their normal level. Based on these results, the administra-
tion of PsP 300 mg in rats with HCD significantly affects the
decreased levels of H,0, to their normal level.

IL-10 is an anti-inflammatory cytokine that may play
a protective role in atherosclerosis (35). The results of this
study are consistent with the theory that the increased levels
of IL-10 play an important role in anti-inflammatory mecha-
nism. The results of this study showed an increase in IL-10
levels, especially in the group fed with HCD. The increased
levels of IL-10 are influenced by HCD, which can increase the

Parameter Treatment groups P (one-way
ANOVA p<0.050)
Positive control Negative control HCD + PsP 50 mg/ HCD + PsP 150 mg/ HCD + PsP 300 mg/
Mean £ SD Mean £ SD kg BW Mean +SD kg BW Mean +SD kg BW Mean + SD
(min-max) (min-max) (min-max) (min-max) (min-max)
H,0, (nmol)  84.2780+35.20506  14.25+3.30246 64.6760 + 40.61848 40.9260 + 23.05566 28.47 + 8.00618 0.003
(62.13-145.50) (9.25-18.00) (10.38-119) (26.50-80.13) (21.75-41.88)
IL-10 (pg/mL) 202.518 +73.29135 127.362 + 17.05956 131.722 +45.24811 120.086 + 51.50449 103.616 + 13.63951 0.027
(134.86-311.94) (107.33-150.38) (68.66-187.08) (68.66-206.54) (80.83-116.78)
Tunica 90.80 +8.28 72.31+1.18 89.34 £ 6.95 80.62 £3.35 70.66 £0.53 0.000
intima-media  (77.84-115.53) (71.09-74.06) (73.52-99.46) (69.36-92.88) (70.02-71.50)
thickness
(hm)
EPC (cells) 0.75+0.5 2.60+4.722287581 4.20+1.483239697 4.33 £2.516611478 25.80 +41.39082024 0.011
CD 34 (+) (0.00-1.00) (0.00-11.00) (2.00-6.00) (2.00-7.00) (0.00-96.00)

Data are presented as mean + standard deviation (range) values. All the values of the parameters have been corrected into International Standard of Mathemat-

ics (decimals).
p<0.05 indicates the significant difference.
ANOVA = analysis of variance; PsP = polysaccharide peptide.

© 2017 The Authors. Published by Wichtig Publishing
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production of ROS, which can then activate macrophages to
release anti-inflammatory cytokines such as IL-10 as a de-
fense mechanism of the body to control the excessive inflam-
mation process (36-38). The one-way ANOVA test and post
hoc analysis results also showed that the administration of
PsP in rats fed with HCD significantly affect the decreased
level of IL-10 as an anti-inflammatory cytokine (pV = 0.027).
PsP as an antioxidant can reduce IL-10 production because it
prevents harmful and excessive inflammatory processes in-
duced by HCD administration (39, 40).

According to Arhana (2000), endothelial cell damage
causes vascular smooth muscle cell hyperplasia, because of
the inability of the vascular endothelial cells to synthesize
NO (41). This reaction occurs in the formation of Ox-LDL,
which activates the transcription factor (NF-kB), which can
induce immune system’s proteins and intermediate mole-
cules to cause atherosclerosis progression (42, 43). The aor-
tic intima-media thickness in the experimental group in this
study ranged between 68.53 um to 104.25 um. The highest
average of aortic intima-media thickness was in the positive
control group, while the lowest is in HCD + PsP 300 mg group.
Administration of PsP significantly reduced the aortic intima-
media thickness (p = 0.000). Significant differences of intima
media thickness were found if the HCD + PsP 300 mg group
compared with the positive control, HCD + PsP 50 mg/kg,
and HCD + PsP 150 mg/kg groups. It shows that high doses of
PsP given to rats were able to lower the aortic intima-media
thickness.

Previous studies have reported the benefits of high con-
centrations of B-glucan as antiseptic, antioxidant, anti-aging,
immune-system activator, protection against radiation, anti-
inflammatory, anti-cholesterol, and antidiabetic (44). Accord-
ing to Jia (45), and You (46) in previous studies, antioxidants
contained in the G. lucidum polysaccharide can prevent the
decrease in tissue antioxidant enzymes and can provide cel-
lular protection against ROS through the destruction of mac-
rophages in animal models with oxidative stress. Antioxidants
contained in PsP will react with free radicals to form stable
and harmful molecules and prevent the formation of acti-
vated macrophages; that there are no substance and che-
moattractant cytokines released to increase the intima media
thickness (24, 47).

This study proves that the PsP can reduce rat aortic in-
tima-media thickness in the atherogenesis process. As an
antioxidant, PsP can inhibit the formation of ROS in the LDL
oxidation stage and reduce the number of foam cells created
by high stress oxidative condition. Further research should be
done to find out every substance contained in PsP and toxicity
tests to determine the safety of PsP in higher doses. B-Glucan
has been proven scientifically as a biological defense modi-
fier (BDM) and included in the category of “Generally Rec-
ognized As Safe” (GRAS) by the FDA, and has no toxic or side
effects (48-50).

Conclusion
PsP of G. lucidum is able to increase the EPC quantity by
inhibiting atherogenic process in aortic tissues of rats with dys-

lipidemia. PsP prevents endothelial damage through its activity
as an antioxidant that inhibits oxidative stress, especially from
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H,O,, increases anti-inflammatory cytokines such as IL-10, in-
creases circulating EPC numbers and decreases intima-media
thickness of aorta. The most effective doses of PsP in inhibiting
atherogenesis process in this study was 300 mg/kg bodyweight.
Future research on PsP in G. lucidum is required to further ex-

plore the advantages of PsP in the treatment of dyslipidemia.
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