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Pleurotus pulmonarius (Fr.) Quel Crude Aqueous Extract Ameliorates Wistar-Kyoto

Rat Thoracic Aortic Tissues and Vasodilation Responses
(Pleurotus pulmonarius (Fr.) Quel Ekstrak Akueus Mentah dalam Memperbaiki Tisu Toraks Aorta dan Respons
Vasodilatasi Tikus Wistar-Kyoto)
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ABSTRACT

Pleurotus pulmonarius crude aqueous (CA) extract was previously reported to have therapeutic potential, thus its
ability to alleviate serum total cholesterol, vasodilation, and improve the aortic tissue structure in hypercholesterolemia
rat model was studied. Eight groups of Wistar-Kyoto rats were involved including normal (G1), hypercholesterolemia
(G2), treatment (G3 to G5) and prevention (G6 to G8). Two doses of CA; 0.5 g/kg body weight (BW), 2.0 g/kg BW, and
simvastatin 10 mg/kg BW were orally fed to the rats (G3 to G8). Treatment groups were induced with hypercholesterolemia
and later treated with CA/simvastatin, while prevention groups were given both hypercholesterolemia-diet and CA/
simvastatin simultaneously. The thoracic aortic rings (TAR) were subjected to contractility study and histopathology
examination. In organ bath analysis, pre-contracted TAR of GI with phenylephrine (PE) achieved 60% vasodilation
response towards acetylcholine (ACh) whereas TAR of G2 unable to respond to ACh. G3 to G5 groups failed to dilate
when induced with ACh whereas G6 to G8 groups showed a slight improvement. The repeated precontracted TAR of
G1 and G2 significantly dilated with the presence of CA and simvastatin. TAR of G1 achieved 100% vasodilation at
3.0 mg/mL CA and 2.4 mg/mL simvastatin. TAR of G2 achieved 73% vasodilation at 6.0 mg/mL CA whereas 76.8%
dilation recorded for simvastatin at 4.8 mg/mL. Histopathological examination found that CA was able to improve the
structure of the aortic cells. These observations suggest that CA helps to improve tissue condition and vasodilation of
the hypercholesterolemic aorta.
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ABSTRAK

Ekstrak akueus mentah Pleurotus pulmonarius (CA) pernah dilaporkan sebelum ini mempunyai potensi terapi, oleh
itu keupayaannya untuk mengurangkan kolesterol total serum, vasodilasi dan memperbaiki struktur tisu aorta pada
model tikus hiperkolesterolemia telah dikaji. Lapan kumpulan tikus Wistar-Kyoto yang terlibat termasuklah normal
(G1), hiperkolesterolemia (G2), rawatan (G3 hingga G5) dan pencegahan (G6 hingga G8). Dua dos CA, 0.5 g/kg berat
badan (BW), 2.0 g/kg BW dan simvastatin 10 mg/kg BW telah diberi makan secara oral kepada tikus (G3 hingga G§).
Kumpulan rawatan telah diaruh dengan hiperkolesterolemia dan kemudian dirawat dengan CA/simvastatin, manakala
kumpulan pencegahan telah diberi diet-hiperkolesterolemia dan CA/simvastatin secara serentak. Cincin aorta toraks
(TAR) telah digunakan untuk kajian kontraktiliti dan pemeriksaan histopatologi. Dalam analisis mandi organ, pra-kontrak
TAR G1 dengan fenilefrina-(PE) telah mencapai 60% tindak balas vasodilasi terhadap asetilkolina (ACh), sementara
TAR G2 tidak memberikan sebarang tindak balas terhadap ACh. Kumpulan G3 hingga G5 gagal untuk dilat apabila
diaruh dengan ACh manakala kumpulan G6 hingga G8 menunjukkan sedikit peningkatan. Ulangan pra-kontrak TAR G1
dan G2 dilat secara signifikan dengan kehadiran CA dan simvastatin. TAR G1 telah mencapai 100% vasodilatasi pada
3.0 mg/mL CA dan 2.4 mg/mL simvastatin. TAR G2 telah mencapai 73% vasodilatasi pada 6.0 mg/mL CA sedangkan
76.8% dilat dicatatkan untuk simvastatin pada 4.8 mg/mL. Pemeriksaan histopatologi mendapati CA dapat memperbaiki
struktur sel aorta. Pemerhatian ini mencadangkan CA membantu untuk memperbaiki keadaan tisu dan vasodilatasi
aorta hiperkolesterolemia.

Kata kunci: Akueus mentah; cincin aorta; dilat; hiperkolesterolemia; histopatologi
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INTRODUCTION

Hypercholesterolemia is one of the major contributors
to cardiovascular diseases (CVD). High cholesterol level
in the body relates to high proportion of low-density
lipoprotein (LDL) which is very susceptible to oxidation
by reactive oxygen species (ROS). The reactive chain will
lead to plaque accumulation in blood vessel, thus causes
blood vessel narrowing and stiffness. This condition will
lead to hypertension and ultimately ischemic heart disease
(IHD). IHD is one of the most common forms of heart
diseases. These chains of multiple diseases development
are possible if hypercholesterolemia is left untreated
(Bhutia et al. 2019; Murray 2009).

Pleurotus spp. also had been discovered as potential
anti-hypercholesterolemic agent and as powerful
antioxidant in many findings. Pleurotus spp. is a well-
known mushroom with high nutrients, wonderful
taste and validated bioactivities (Anwar et al. 2019;
Choi et al. 2017). It has received tremendous interest
worldwide since the recorded publication on Pleurotus
spp. has spiked from 15 articles in 1985 to 788 articles
in 2015 (Correa et al. 2016). Pleurotus spp. is a good
source of protein need for vegetarians due to the high
protein content (Pleurotus sapidus, 38.5%; Pleurotus
geesteranus, 30.3%; Pleurotus citrinopileatus, 29.4%;
Pleurotus sajor-caju, 26.0%; Pleurotus ostreatus, 23.0%;
Pleurotus pulmonarius, 22.9%; Pleurotus tuber-regium
10.8%) (Carrasco-Gonzalez et al. 2017; Guillamén et
al. 2010).

Pleurotus florida has been shown to ameliorate
weight gain in hypercholesterolemic-induced rats
besides reducing their atherogenic index by secreting
accumulated lipid through faecal matter (Fombang et al.
2016). High density lipoprotein-cholesterol (HDL-C)
was also reported to be increased which favoured
cholesterol homeostasis through reverse-transportation
of lipoprotein to the liver. Another study also claimed
the promising feature of Pleurotus ferulae in reducing
serum total cholesterol, triglyceride and LDL in
hypercholesterolemic rats (Alam et al. 2011). In addition,
it has been proven that P. ostreatus consumption by
the diabetic patients significantly reduced their total
cholesterol and triglycerides with additional value by
reducing blood pressure with no toxicity effect on liver
and kidney (Khatun et al. 2007).

Other findings also reported the ability of the
mushroom extract in vitality of vasculature. Aqueous
extract of P. sajor-caju was found to carry angiotensin1-
converting enzyme (ACE) inhibitor thus normalize blood
pressure in the studied rats’ model (Abdullah et al. 2012).

The protein fraction of P. pulmonarius orally fed to the
spontaneous hypertensive rats (SHRs) found to be able
to reduce systolic blood pressure (SBP) 33.5 mm Hg in
SHRs. Molecular docking analysis by Manoharan et al.
(2018) resulted in identification of gastrointestinal (GI)
enzymes, tripeptide GVR with the ability to execute as
ACE inhibitor.

In Malaysia, P. pulmonarius mushroom has been
recognised as one of the functional foods with vast
benefits to the human health. Functional food is a term
introduced by International Life Sciences Institute (ILSI
Europe) which refers to a food that can provide potential
benefits and protect organs from possible damage due to
many factors including hypercholesterolemia (Ey et al.
2007). Crude aqueous extract (CA) of P. pulmonarius
was found to be fortified with antioxidants properties
and a powerful ROS scavenger which protecting the
endothelial cells and human LDL from oxidation which
was confirmed via in vitro observation (Abidin et al.
2016). The aim of this study was to verify the ability
of CA from P. pulmonarius to alleviate serum total
cholesterol and assist vasodilation in thoracic rat aorta
besides contributing to viability of the aortic ring tissue
and its structure.

MATERIALS AND METHODS

MUSHROOM MATERIAL

The locally known grey oyster mushroom or P.
pulmonarius were purchased from Agro-tech Sdn.
Bhd, Selangor, Malaysia. The species were previously
identified as P. pulmonarius based on the morphological
characteristic and via DNA online sequence data. Culture
was registered as KUM61119 and maintained at the
Mycological Laboratory, Mushroom Research Centre,
Universiti Malaya. A voucher of the mushroom specimen
was deposited in Universiti Malaya Herbarium and
registered as KLU-M1234.

MUSHROOM EXTRACTION

Pleurotus pulmonarius fruiting bodies were shredded
into small pieces prior to freeze-drying. Following
freeze-drying process, the sample was ground into fine
powder and soaked in distilled water at a ratio of 1:10
(w/v) overnight at 2 - 8 °C. Later, it was sieved to collect
the liquid and the residue was discarded. The collected
liquid was centrifuged at 5000 rpm for 20 min and the
clear supernatant was freeze-dried. The freeze-dried
powder of CA was dissolved in distilled water prior to
feeding via oral gavage to the rats (Abidin et al. 2016).



INDUCTION OF HYPERCHOLESTEROLEMIA IN RAT
MODEL

Forty-eight Wistar-Kyoto rats were purchased from
Animal Experimental Unit (AEU), Universiti Malaya
aged six weeks (~200 g). Blood withdrawal from the
lateral tail veins tail was done for all the rats on Day 0.
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The procedure below has received approval from FoM
IACUC committee (2015-181006/IBS/R/NFMY). All the
animals were housed in AEU under 12:12 h light-dark
cycle conditioned at 24 °C (+1 °C). Drink was maintained
ad libitum for all the rats. The rats were divided into 8
groups and the diet formulation was adopted from previous
research (Chen et al. 2014) (Table 1).

TABLE 1. Diet formulation for all the rats’ group

Diet Description

Healthy rats fed with normal food (Day 1 - 45)

No Group Category

1 Gl Normal

2 G2 Hypercholesterolemic
3 G3 Treatment 1

4 G4 Treatment 2

5 G5 Treatment 3

6 G6 Prevention 1

7 G7 Prevention 2

8 G8 Prevention 3

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
oil (10 mL/kg BW) (Day 1 - 45) + CA (0.5 g/kg BW) (Day 46 - 75)

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
o0il (10 mL/kg BW) (Day 1 -4 5) + CA (0.5 g/kg BW) (Day 46 - 75)

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
oil (10 mL/kg BW) (Day 1 - 45) + CA (2.0 g/lkg BW) (Day 46 - 75)

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
oil (10 mL/kg BW) (Day 1 - 45) + simvastatin 10 mg/kg BW (Day 46 -
75)

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
oil (10 mL/kg BW) + CA (0.5 g/lkg BW) (simultaneously) (Day 1 - 45)

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
oil (10 mL/kg BW) + CA (2.0 g/lkg BW) (simultaneously) (Day 1 - 45)

Rats fed with cholesterol powder* (200 mg/kg BW) dissolved in palm
oil (10 mL/kg BW) + simvastatin 10 mg/kg BW (simultaneously) (Day
1-45)

*Cholesterol powder 95% stabilized; Brand: Acros Organics

Oral gavage was carried out for 45 days for G1, G2,
G6, G7, and G8 whereas G3, G4, and G5 lasted till Day 75
(Dikshit et al. 2016). The rats were sacrificed and whole
blood was collected through cardiac puncture, centrifuged

at 3000 rpm for 10 min and the serum finally sent to
Institute of Medical Veterinary, Universiti Putra Malaysia
for serum cholesterol quantification (Automatic Chemistry
Analyzer: Siemens Dimension Xpand Plus).
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The thoracic aorta was dissected out from the rats,
cleaned from the connective tissues and segmented into
several 3 - 4 mm rings. The thoracic aortic rings (TAR) were
then subjected to two different experiments; contractility
study and histopathology examination.

TISSUE CONTRACTILITY STUDY USING ORGAN BATH
TECHNIQUE

TAR for contractility study were preserved in Krebs-
Heinseleit buffer solution (mM: 118 NaCl, 4.7 KCI,
2.5 CaCl,, 1.2 MgSO,, 1.2 KH,PO,, 25 NaHCO,, 11.1
Glucose; 0.25 EDTA) for approximately 10 min. TAR
was then mounted in the organ bath chamber filled with
30 mL of Krebs-Heinseleit buffer solution. The chamber
was continuously aerated with carbogen (95% oxygen: 5%
carbon dioxide) and maintained at 37 °C. A baseline tension
of 1.50 g was applied to the TAR and variations in the
basal tension were recognised with a 50 g force transducer
(ADInstruments Pty Ltd, Bella Vista, Australia) coupled
with PowerLab 4/35 (ADInstruments, Australia) and let
to equilibrate for 45 min. The solution was changed every
15 min as a precaution against any interfering metabolite
(Qu et al. 2014).

Later, a high concentration of potassium (KCI)
(80 mM) was added to the chamber for tissue priming
purpose. Once it reached the plateau, TAR was flushed
till it achieved the baseline. Later, viability test was
assembled on TAR by challenging it with phenylephrine
(PE) (10 uM) and acetylcholine (ACh) was subsequently
administrated to TAR (cumulatively added to the solution
in the chamber from 1 to 20 uM) and dilation responses
towards ACh were transmitted to LabChart software
(Koon et al. 2014; Niazmand et al. 2014). Viability test
is the pre-requisite to confirm the vitality of the aortic
rings used in this study.

Once the viability test succeeded, TAR of the G1
and G2 were challenged again with PE and CA was then
administrated cumulatively (0.1 - 6.0 mg/mL) to the
solution in the chamber (ex vivo). The purpose was to
mimic ACh function to dilate the contracted aortic ring.
The whole procedure was repeated using another
tissue segment by replacing CA with simvastatin. For
G3 to G8 groups, TAR was used for viability test only;
in order to observe the responses towards ACh after the
rats were orally fed with CA/simvastatin.

HISTOPATHOLOGY OBSERVATION

The methods explained below were adopted with some
modifications (Sharma et al. 2020; Slaoui & Fiette 2011).

The segmented aortic ring was immersed in formalin
overnight in the sample bottles to ensure the formalin
is fully absorbed into the tissues so called as fixation
process. This particular process is very much crucial to
halt autolysis process in order to preserve the tissues for
examination. Later, the fixed tissues were dehydrated
by soaking them in a series of ethanol with different
concentration. The step commenced with soaking the
tissues in lowest concentration of ethanol; 80% for 2 h
followed by 95% for 2 h and ended up with 100% for 3 h.

The paraffin was heated till it reached its melting
point around 57 °C and poured into Leica EG1150 H
heated paraffin dispensing module. The tissues were
positioned properly to make sure the paraffin fully
covered them once solidified. Paraffin-embedded tissues
blocks were chilled by placing them on ice. Prior to
sectioning, trimming process took place at thickness of
10 - 30 uM. Later, sectioning was done at the thickness
of 4 - 5 uM, put in water bath using microscopic slides
and stored at upright position in a slide rack and kept
in the oven overnight at 37 °C. Deparaffinising process
took place prior to staining with Haematoxylin and Eosin
(H&E) for microscopy viewing.

STATISTICAL ANALYSIS

Data collected was analysed using SPSS Ver. 23.0 (Paired
Sample T-test for serum total cholesterol (p < 0.05), One-
Way ANOVA (p < 0.05) for G1 and G2 responses towards
CA/simvastatin whereas G6 to G8 groups measurement
of ACh endothelium-dependent vasodilator analysis was
via Two-Way ANOVA) (p < 0.05).

RESULTS AND DISCUSSION

SERUM TOTAL CHOLESTEROL QUANTIFICATION

Table 2 shows the serum total cholesterol values of rats
in all the groups. The initial total cholesterol ranges
of the groups were 1.80 - 2.00 mmol/L. The serum
total cholesterol values increased in accordance with
age increment for G1 group (2.53 mmol/L) as shown
in Table 2(A). The average value recorded for the
hypercholesterolemic-induced rats (G2 - G5) was > 3.30
mmol/L. Within group comparison of Day 0 and Day 45
(p <0.05) was significantly different. In addition, treated
groups (G3-G5) managed to reduce its cholesterol
level following the treatment as shown in Table 2(B).
A significant reduction of total serum cholesterol was
between 17.4 and 28.3% in the treatment groups (p <
0.05). Serum total cholesterol was maintained within the



normal range (2.68 - 3.00 mmol/L) for the prevention
groups (G6-G8) as shown in Table 2(C) (p < 0.05) thus
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verified on CA and simvastatin potent effect on cholesterol
homeostasis in the bloodstream.

TABLE 2. Serum total cholesterol quantification (mean + SD; standard deviation) (mmol/L) in G1 - G8

A mmol/L
Day 1 Day 45
G1 (Normal) 1.90 + 0.02 2.53+0.67°
G2 (Hypercholestrol) 1.89+£ 0.6 3.83 +1.03%
B mmol/L
Day 1 Day 45 Day 75
Prevention Groups G3 1.86 + 0.06 3.85+0.12¢¢ 3.18 £ 0.11
G4 1.89+£0.67 3.86 4 0.97 2.95+0.09
G5 1.90 £ 0.70 3.92 £0.10" 2.81+£0.98
C mmol/L
Day 1 Day 45
Prevention Groups G6 1.91+0.03 3.00+0.11F
G7 1.89 +0.07 2.78£0.97
G8 1.90 £ 0.07 2.68 +0.06%

Letter a-k represented within group comparison [a-b and i-k represented significant differences (p < 0.05) between Day 0 and Day 45; c-h represents significant differences
(p <0.05) between Day 0 and Day 45/Day 45 and Day 75 when analysed using Paired Sample T-test. The values are expressed in mean + SD; SD: Standard Deviation

A reduction in serum total cholesterol in observed
groups of G3 to G8 confirmed the contribution of CA
properties. The CA extract used in this study was
previously found to be enriched with many beneficial
constituents including ergothioneine, tryptophan
and ellagic acid (Abidin et al. 2016). Thus, these
constituents executed their functions to reduce serum
total cholesterol in the observed rat groups. Ellagic acid
for instance, was orally fed to the hypercholesterolemic
rats and a reduction in serum total cholesterol was
recorded although LDL and triglyceride level remained
(Ding et al. 2014). In addition, ergothioneine also
actively involved in cholesterol breakdown in hepatic
cells (Cheah et al. 2016). Besides, previous researchers
who worked on Pleurotus spp. also have discovered
anti-hypercholesterolemic properties in this particular
mushroom species. They reported the ability of another
species of Plerutous, P. florida to reduce serum total
cholesterol in hypercholesterolemic-induced rats

(Fombang et al. 2016). Guillamoén et al. (2010) for
instance, has summarized many edible mushrooms with
various benefits including Pleurotus spp. capability to
reduce total cholesterol level.

Besides Pleurotus spp., many mushroom species
have been discovered as anti-hypercholesterolemic
agent. Lentinus edodes, Agaricus bisporus, and
Agaricus brasiliensis are among the mushrooms
discovered with potential as anti-hypercholesterolemic
agents. A study has summarised that the secondary
metabolite, eritadinine from L. edodes was found to
significantly reduce the cholesterol level in rats by
inhibiting S-adenosylhomocysteine hydrolase (SAHH); an
enzyme involved in phospholipids metabolism. Eritadinine
was also cited as inhibitor of cholesterol HMG-CoA
reductase; an enzyme responsible for cholesterol
metabolism. Eritadinine was also found to reduce serum
lipid level, fat accumulation and plaque formation in the
aorta in observed mice (Boonsong et al. 2016; Gil-Ramirez
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et al. 2016; Roncero-Ramos & Delgado-Andrade 2017).
Another study conducted on A. brasiliensis showed its
advantages in reducing total cholesterol by promoting the
expression of 7a-hydroxylase (CYP7A1), ATP-binding
cassette subfamily G-transporters (ABCG5/G8) and
low-density lipoprotein receptor (LDLR) (de Miranda et
al. 2016; Jeong et al. 2010).

VASCULAR VIABILITY TEST ON TAR OF G1 AND G2
AGAINST ACH

As part of the tissue contractility study using organ bath,
the viability test was run on the TAR. The aortic rings
were contracted with PE and later dilated by adding ACh.
This step is crucial to confirm the viability of the aortic
ring for contractility study. Results from viability test
showed that the TAR of G1 was able to retain 60% dilation
as shown in Figure 1(a). TAR of G2 showed absence of
response towards ACh and thus, failed in the viability
test. The link between rat’s ages with its responses
towards ACh when TAR was challenged with ACh had
been previously established. Young rats (between 4 and
6 weeks) have the potential to achieve 100% vasodilation
when challenged with PE and subsequently with ACh.
However, if the rat’s age reached 3 to 6 months old, the
responses reduced by half to 50% (Matz et al. 2000).

EX-VIVO TREATMENT OF MUSHROOM

Both TAR obtained from G1 and G2 were further exposed
to CA and simvastatin. Figure 1(b) showed a consistent
increase in vasodilation percentage of TAR for G1 as the
CA concentration increased. The final 100% vasodilation
was significantly achieved at CA concentration of 3.0 mg/
mL (p < 0.05). The same pattern was observed following
treatment with simvastatin, whereby at the concentration
of 2.4 mg/mL, the vasodilation of 100% has been
successfully achieved (p < 0.05).

Although TAR of G2 failed to response to ACh
during viability test, treatment with CA successfully
improve the dilation percentage of TAR. Vasodilation
increased in parallel with cumulative CA concentration and
finally achieved almost 73.0% at the CA concentration of
6.0 mg/mL. In comparison, at simvastatin concentration
of 4.8 mg/mL, the vasodilation achieved almost 76.8%
(p <0.05).

VASCULAR VIABILITY TEST ON TAR OF G3 TO G8
AGAINST ACH

None of the TAR of G3, G4 and G5 dilated when
challenged with ACh after pre-constricted with PE during

viability test although their serum total cholesterol reduced
when treated with CA/simvastatin. It perhaps due to
damage and inability of the blood vessel to dilate even
though the serum total cholesterol was significantly
alleviated. However, TAR of G6 to G8 had transmitted
their contraction and were observed in the LabChart
software. Figure 1(c) showed the significant comparison
of these three groups where a higher vasodilation
percentage was achieved by G7 with 33.9% followed
by G8 (21.7%) and G6 (14.2%) with p < 0.05. Although
the responses were not at par with G1, vasodilation could
still be detected. Among the three groups, G7 showed
the highest percentage of dilation. From these results,
it could be suggested that CA (2.0 g/kg BW) performed
better compared to simvastatin.

CA consisted of many beneficial compounds
including ergothioniene, tryptophan, and ellagic acid.
These compounds pose many potential properties
including anti-oxidant and anti-inflammatory (Abidin
et al. 2016). Many findings have been reported on
ergothioneine role in minimizing cholesterol risk. An
observation on guinea pigs with excessive lipid deposit
in the liver revealed the accumulation of ergothioniene
in the hepatic cells as well. The alleviation of the organic
cation transporter N1 (OCTN1) which is the particular
ergothioneine transporter was also confirmed the
cytoprotective effects of ergothioneine in hepatic tissues
(Cheah et al. 2016). Ergothioneine for instance, was
reported to inhibit the formation of hydroxyl radicals
and lipid peroxidation (Deiana et al. 2004; Li et al. 2014).
The ion chelating activity posses by ergothioneine allays
the involvement of divalent cation in oxidation cycle.
Another publication also verified through metabolomic
analysis that ergothioniene has a significant correlation
in ameliorating the cardiovascular risk as it is fortified
with antioxidant compounds. It also has the ability as
free radical scavenger by neutralising the radical into
safe compounds thus, interrupts in radical chain (Smith
et al. 2020).

Besides ergothioneine, another compound namely
ellagic acid was also a potent substance in order to assist
vasodilation in blood vessel. CA managed to dilate the
blood vessel even though the endothelium layer was
damaged which proven the feature of endothelium-
independent in this study. Previous report has cited
that ellagic acid has an additional capability to be as an
endothelium-dependent and endothelium-independent
vasodilator. Endothelium-independent feature is very
crucial as the compound is able to dilate the aortic ring
without depending on the endothelium viability for
vasodilation (Berkban et al. 2015; Devipriya et al. 2007;



Yilmaz & Usta 2013). Besides, it was found to imply
antiadipogenic effect during adipogenesis in human
adipose-derived stem cells (hASCs) (Kang et al. 2016).
For instance, a work on oxidized LDL-stimulated J774A1
murine macrophages elicited retardation on the growing
macrophage besides blocking the growth of macrophage
via the accumulation of foam cells when treated with
ellagic acid (Park et al. 1999).
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In addition, tryptophan is prominent as inflammatory
sensor as its level will spike due to cardiac pathogenesis.
The supply of tryptophan during the lesion increased
the conversion activity of this particular substance to
kynurenine in order to modulate the anti-inflammatory
system including blocking atherogenic activity
which indirectly reduced further damage to the blood
vessel (Song et al. 2017). Many publications cited on
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FIGURE 1. Vasodilation percentage of (a) G1 observed during viability test (mean
+ SD), (b) G1 and G2 against CA and simvastatin in thoracic aortic ring (TAR)
mean + SD, p < 0.05 with One-Way ANOVA analysis, and (c) G6-G8 in viability
test (mean = SD, p < 0.05) *: there is a significant different among the three group
with Two-Way ANOVA analysis (SD=standard deviation)
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tryptophan and kynurenine contribution in inflammation.
Inflammation due cardiovascular lesion was reported to
enhance tryptophan degradation to kynurenine, Elevated
level of kynurenine-tryptophan ratio was found in the
patients’ plasma with cardiac lesion. An observation
on indoleamine 2,3-dioxygenase (IDO), of the enzyme
catalyzes tryptophane to kynurenine in the kynurenine
pathway was found to increase the hepatic inflammation
when IDO function is interrupted. This study can conclude
the importance of tryptophan during inflammation
especially due to cardiac lesion (Polyzos & Ketelhuth
2015).

HISTOPATHOLOGY EXAMINATION ON TAR

In addition to previous finding on possible compounds
exist in CA for cells recovery and viability, histopathology
examination is also crucial to confirm the condition of the
aortic tissue. Figure 2(a) represents the normal aortic tissue
belonged to G1 with a distinct difference between tunica

intimae (TI), tunica media (TM) and tunica adventitia (TA)
as labelled. The aortic tissue of G1 was well-structured
and the three basic layers; TI, TM, and TA were distinct
and no migration of fibrous cap or fatty streak observed.
This histopathological observation verified that the tissue
fit the classification of a normal aortic tissue and also in
accordance with previous report. The research examination
on normal artery found a distinct layer of TI beneath the
endothelium. Both endothelium and TI are very delicate
and prone to damage (Dianita et al. 2016).

G2 unsuccessfully responded to ACh after being
challenged with PE; this was due to the endothelial layer
have been ruptured. This is appropriately validated through
histopathological observation where the aortic tissue was
found to be severely damaged. Figure 2(b) shows the
condition of aortic tissue of G2 with massive damage.
All three layers of TI, TM and TA lost their barriers with
the migration of fibrous cap from tunica adventitia to
tunica media. Endothelial layer was totally ruptured and

FIGURE 2. Cross section of (a) G1 aortic tissue (1- endothelium or tunica intima;
2- tunica media; 3- tunica adventitia), and (b) G2 aortic tissue (black arrow:
fibrous tissues migration from tunica adventitia to tunica media) (Magnification:
40x) (scale bar: 200 pm)

was unable to be identified as shown in Figure 2(b). The
findings were as reported previously which emphasized
on the presence of foam cells with irregular TI in
hypercholesterolemic aortic rats (Ahmadi et al. 2017).

In the treatment groups, G3 to G5, the serum total
cholesterol was successfully reduced. If compared with
G2, the aortic tissues were slightly improved. However,
TAR of these groups failed in the viability test against

Ach and through histopathological analysis, it was found
that TM was enlarged with fatty streak observed along
TI (Figure 3(a) - 3(c)). This observation correlates well
with the previous finding. They found an improvement in
aortic tissue belonged to rats fed with palm oil although
the fatty streak along TI and fat deposits appearance
were observed in TM (Ahmadi et al. 2017).
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FIGURE 3. Cross section of aortic tissue: (a) G3- black arrow shows the existence

of a thicker layer foam cells, (b) G4- black arrow shows bulge of foam cells, and

(c) G5- black arrow shows a thinner layer of foam cells. Tunica media (TM) in all
images show an enlargement (Magnification: 40x) (scale bar: 200 pm)

FIGURE 4. Cross section of aortic tissue: (a) G6, (b) G7, and (¢) G8. Tunica
media (TM) shows an enlargement for G6 to G8. The black arrows in all the
images show the foam cell layer (Magnification: 40x) (scale bar: 200 um)
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Figure 4(a) - 4(c) represented the prevention groups
(G6 to G8) with improved conditions compared to
treatment groups. Comparing the groups; treatment (G3-
G5) and prevention (G6-G8), TAR tissue structure was
found to be in a better condition following administration
of CA/simvastatin in the prevention groups. Both
CA and simvastatin showed potential to prevent
or lower the severity of tissue damage scale due to
cholesterol accumulation. Both also managed to reduce
TM enlargement (compared to G2 to G5) which has
assisted TAR to dilate when challenged with Ach. These
findings were as reported by previous research on treated
hypercholesterolemic rats using extract of Lagenaria
siceraria. Atheromatous lesion in the rat aortic tissue
was found to be less severe compared to untreated rats
(Rajput et al. 2014).

CONCLUSION

CA of P. pulmonarius was able to reduce the serum total
cholesterol level in hypercholesterolemic-induced rat.
The treatment groups unfortunately have severe damage
due to cholesterol accumulation and administration of
CA and simvastatin did not serve any improvement to
the observed tissue segments.

Overall, it could be suggested that CA works well
in reducing or normalizing the cholesterol level as shown
in both treatment and prevention groups. The use of
CA as preventive treatment also showed its potential to
improve the aortic tissue structure and in certain ways
showed a positive impact towards vasodilation. The exact
mechanism however, is an interesting area to be further
explored.
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