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ABSTRACT

Introduction: Mikania micrantha possess potent anti-hypercholesterolemic properties. However, the phytochemicals
of M. micrantha and protein regulation that led to its hypocholesterolemia effects are limited. The aim of this study is
to investigate the phytochemicals and proteomic profiling of liver samples from hypercholesterolemic rats that were
treated with M. micrantha extract. Materials and methods: The identification of phytochemicals in the ethyl acetate
of M. micrantha stem (EAMMS) extract was conducted through the liquid chromatography quadrupole time-of-flight
mass spectrometry (LC-QToF-MS). The rats were divided into two distinct groups: a normal group (NC) and a group
induced with hypercholesterolemia, both of which were observed for an initial duration of four weeks. Following the
completion of the fourth week of the induction period, the rats were divided into five groups: 1% high cholesterol
diet (HCD), 1% HCD + Simvastatin (10 mg/kg of body weight (BW)), 1% HCD + EAMMS (50 mg/kg/BW), 1% HCD +
EAMMS (100 mg/kg/BW) and 1% HCD + EAMMS (200 mg/kg/BW) for another 4 weeks of treatment periods. The LC-
MS/MS analysis was conducted on liver tissue to identify differentially expressed proteins. Results: The phytochem-
icals were identified in the EAMMS extract, including theobromine, ishwarol, pheophorbides, and dihydromikano-
lide. In association with hypercholesterolemia, a total of 26 differentially expressed proteins were identified. Among
these proteins, nine proteins exhibited elevated levels, whereas 17 showed downregulation, which mainly involved
in lipid metabolism pathway. Conclusion: Overall, these results provide understanding on the molecular targets of
EAMMS extract, which could be used for further study on the putative anti-hypercholesterolemic properties.
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INTRODUCTION

Hypercholesterolemia is described as a metabolic
anomaly where the level of plasma low density
lipoprotein (LDL) cholesterol is elevated (1). Numerous
cardiovascular disorders, such as atherosclerosis,
cerebral paralysis, and myocardial infarction, as
well as inflammation and cancer, have been linked
to hypercholesterolemia (2,3). Over the past several
decades, products of botanical origin have been
regarded to possibly contain therapeutic agents which
are novel in the treatment of hypercholesterolemia as

these plants may be the source of secondary metabolites,
which are bioactive substances with different structures,
including alkaloids, flavonoids, phenolic acids, resin,
tannins, terpenoids, saponins, steroids, and others (4).
Besides, plants are gaining immense popularity all over
the world as consumers are becoming more inclined
towards natural and safe products that are also relatively
lower in toxicity, easily available, cost-effective, and
most significantly, have less adverse consequences (4,5)
than the synthetic drugs such as statin group, simvastatin
that are asymptomatic increases in liver enzymes such as
liver transaminases, AST and ALT (6); as well as caused
myopathy (7).

Mikania micrantha Kunth is a plant that is native to
tropical central and southern America. This species
has spread and is prevalent in the Pacific as well as
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in South-east Asian countries (8,9). M. micrantha is
known as Bitter Vine, American Rope, mile-a-minute,
‘Sembung rambat’ (Indonesia) and ‘Selaput tunggul’
in Malaysia (10-12). M. micrantha is traditionally
used as a remedy for the treatment of maladies such
as jaundice, dysentery, respiratory ailments, stomach
aches and rheumatism. Parts of this perennial creeper
are also made into concoctions and consumed as
folk medicine in addressing hypertension, diabetes,
and hypercholesterolemia (13,14). Numerous health
advantages associated with M. micrantha have
been documented in the literature, encompassing
antioxidant (15), anti-diabetic (16), anti-cancer (17,18),
antiproliferative (19), anti-dermatophytic (20), and anti-
inflammatory (21) properties. In addition, the medicinal
properties of this species are linked to the abundance
of its inherent chemical components namely terpenoid,
flavonoid, alkaloids, and vitamins (14,15,20,22).

It has been shown the potential anti-
hypercholesterolemic effects of the ethyl acetate of
M. micrantha stems extract and showed the potential
inhibitory effects on the HMG-CoA reductase and
acetyl-CoA acetyltransferase 2 enzymes (6). However,
the data on protein targets are limited and its mechanism
of action as an anti-hypercholesterolemic remains
unknown. Besides, the phytochemical constituents of
M. micrantha extracts that may potentially contribute to
the anti-hypercholesterolemia properties were limited.

At present, liquid chromatography quadrupole time-of-
flight mass spectrometry (LC-QToF-MS) is the method
of choice for its reliable screening and identification
of compounds as well as the quantification of both
unknown and targeted compounds in the sample
while continuously expanding the database (23). Many
studies have been conducted in recent years that have
successfully used proteomics to identify potential
prognostic and diagnostic markers, understanding
protein  interaction  networks and  metabolic
rearrangements leading to disease phenotype disorders,
as well as comprehending disease mechanisms for
various types of CVD, including hypercholesterolemia
(24-25). The proteomic data on pathway enrichment and
protein interaction analyses, give shed light on probable
underlying biological mechanisms and pathways
connected to hypercholesterolemia, and the information
on the phytochemical constituents will also support
the underlying mechanism. Therefore, we aimed to
investigate the changes in the liver proteome profiling in
EAMMS-treated hypercholesterolemia-induced rats and
the identification of bioactive compounds that presence
in this plant extract.

MATERIALS AND METHODS
Sample collection and preparation

Mikania micrantha was collected from Negeri Sembilan,
Malaysia. Fresh M. micrantha stems were chosen,

washed, and dried for 72 h in a ventilated drying oven.
The dried samples were grinded by a fine mesh sieve
into fine powder form and were stored at -20°C prior to
further extractions.

Extraction of M. micrantha

The ethyl acetate (100%) (LC-MS grade) was used for
making extracts. A 25 g of the dried powdered stems
of M. micrantha were immerged in 250 mL of pure
ethyl acetate. Then, the mixture was homogenized on
an orbital shaker at 100 rpm for three days at ambient
temperature (24°C). Next, the extract was filtered with a
Whatman filter paper No. 1 and then concentrated using
rotary vacuum evaporator at 100 rpm and 48°C. The
extract was left in laminar flow to ensure the solvents
are removed completely and dried extract obtained. All
the extracts were stored at -20°C prior to analysis (15).

Identification of phytochemicals in the ethyl acetate of
M. micrantha stem (EAMMS) extract

The identification of phytochemicals in the ethyl acetate
of M. micrantha stem (EAMMS) extract was employed
using LC-QToF-MS analysis. The crude sample (1
mg) was dissolved in 1 mL of methanol. LC-QToF-
MS analysis was utilising the Agilent 1290 Infinity LC
system and Agilent 6530 Accurate-Mass QToF mass
spectrometer. The column that was used is an Agilent
Zorbax Eclipse XDB-C18 narrow-bore column (150 mm
length x 2.1 mm internal diameter, 3.5-micron particle
size) with column temperature at 25 °C, autosampler
temperature at 4 °C, flowrate at 0.5 mL/mins. The
mobile phases used were 0.1% v/v formic acid in water
and 0.1% v/v formic acid in acetonitrile. The positive
and negative ionisation modes were deployed for an
ESI- QToF-MS analysis. The fragmentor employed a
voltage of 125 V and a drying gas temperature of 300°C.
The drying gas flow was set at 10 L/min, and 10 pL of
the sample was injected from the auto-sampler each
time. For MS condition, the source of ESI ion polarity
was set at negative and positive, and the mass range was
from 100 - 3200 m/z. The raw data was processed with
Molecular Feature Extraction with Extraction algorithm
set at small molecule (chromatographic), peak filters
with peak height 2100 counts and compound filters to
only look for compound with absolute height >5000
counts and relative height >2.5%. The data on bioactive
compounds, precursor ions, mode and spectrum activity
were validated using natural product databases, such
as PubChem (https://pubchem.ncbi.nlm.nih.gov/) and
Chem Spider (http://www.chemspider.com/).

Animal handling and sampling

Male Sprague Dawley rats (150-200 g weight) were
acclimatised for a week with standard food and tap water
ad libitum. The rats were accommodated in a controlled
environment (temperature: 24 + 2°C; relative humidity:
55 + 4%; dark/light circle: 12-hour). This facility is
located at the Animal House, which is part of the Faculty
of Medicine and Health Sciences at Universiti Putra
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Malaysia. The animal study received approval from the
Institutional Animal Care and Use Committee (IACUC)
at Universiti Putra Malaysia (UPM) under the reference
number UPM/IACUC/AUP-R081/2017. The rats were
divided into six groups using random assignment, with
each group consisting of six rats. First group, designated
as the normal control, was provided with a standard
diet over a period of eight weeks. Rats in groups 2
to 6 were subjected to oral administration of a high
cholesterol diet (1% HCD) for eight weeks of duration of
the study. At the fifth week, rats in groups 3-6 were fed
a high cholesterol diet and subsequently administered
EAMMS extract at low (50 mg/kg), medium (150 mg/kg),
or high dose (200 mg/kg) as well HMG-CoA reductase
inhibitors, or simvastatin (10 mg/kg) for four weeks
during the treatment phase. At the end of experimental
period, rats were anesthetized using ketamine (100 mg/
kg) and xylazine (10 mg/kg). Then, the blood and tissues
were collected and stored until the point of analysis.

Protein extraction and digestion

Each liver sample (10 mg) was cut into tiny pieces and
then minced into tiny particles. Subsequently, samples
were washed with ultrapure water until the tissue fluid
became clear. The cells were lysed using a homogenizer
on ice. The cell lysate was then be subjected to
centrifugation to remove the cell debris (10 minutes, at
1000 g, 4°C) (26). In order to decrease the occurrences
of protein denaturation, the entire process was carried
out at a temperature of 4°C on ice. The isolated proteins
were kept at a temperature of -80°C.

The Rapid Digestion - Trypsin kit, manufactured by
Promega Corporation in Fitchburg, USA, was utilised
for protein digestion in accordance with the instructions
provided by the manufacturer. Briefly, 50 pL of protein
substrate was quickly added to 150 pL of Rapid Digest
Buffer, then incubated for 1 hour at 70 °C after adding
3.0 pL of Rapid Trypsin (1 pg/L). To stop the reaction
from continuing, 0.5 pL of formic acid was subsequently
added to the mixture. The samples were then cleaned
up via a Pierce C18 Spin Column. Prior to LC-MS/MS
analysis, the acquired samples were filtered using a 0.22
pm syringe filter and kept at -80°C.

Proteomic analysis

The LC-MS/MS analysis was conducted following a
protocol (27). The digested peptides (1 pL; 4°C) were
loaded into an Agilent C18 300 E Large Capacity Chip
column that was equilibrated with 0.1% formic acid in
ultrapure water (solution A). The peptides were eluted
from the column with 90% acetonitrile in 0.1% formic
acid in water (solution B). Solvent A was observed to
have a flow rate of 4 pL/min, while solvent B exhibited
a flow rate of 0.5 pL/min. The quadrupole time-of-flight
(QToF) polarity was positive, the capillary and fragment
voltages were set at 1900 V and 360 V, respectively, and
the gas flow rate was 5 L/min at 325°C. The spectrum

was then analyzed with Agilent Mass Hunter Qualitative
Analysis data acquisition software and then PEAKS
Studio X software.

Database searches and bioinformatics analysis

PEAKS Studio X software was used to process data and
identify proteins against an organism-specific database
(Uniprottaxa: Rat). Carbamidomethylation was used as a
fixed modification with a maximum of 2 cleavages. The
enzyme used for digestion was trypsin. To filter out false
protein matches, a false discovery rate (FDR) (1%) and
a protein score (10IgP >20) were utilised. The proteins
that differentially expressed among the groups were
identified using label-free quantification (LFQ) in PEAKS
Studio X software. Fold change ratios were calculated
for protein expression by comparing treatment groups
to normal control (NC) group. Proteins with fold change
>1.20 or <0.83 were up-regulated or down-regulated,
respectively (28). The proteins identified in the samples
were assigned to respective gene symbols based on
functional annotations. This was done using the Protein
Analysis through Evolutionary Relationships (PANTHER)
developed by UniProt. The website for PANTHER is
http://www.pantherdb.org/. The dataset was analysed in
order to classify the proteins based on their molecular
function (MF), associated biological process (BP), and
protein families. The software STRING (https:/string-
db) was used to construct a functional association
network of possibly interacting proteins. The pathways
classification was carried out following the automatic
enrichment in STRING using information from the
KEGG-Pathway Database.

Statistical analysis

All the data was examined using one-way analysis of
variance (ANOVA) between groups and Tukey’s post
hoc tests. For all experiments, the significance level was
fixed at p<0.05. SPSS version 26 was used to analyse
all samples. The protein profiles were examined in each
group with three replicates (n=3) to discover differences
in protein profiles. PEAKS Label-Free Quantification
was used to detect protein expression differences across
groups with p<0.05. The False Discovery Rate for the
Reactome pathway enrichment study was adjusted to
less than 0.05.

RESULTS

Phytochemicals identification of EAMMS extract by LC-
QToF-MS

The LC-QToF-MS profiling of EAMMS extract has
exposed the occurrence of a total of 20 different
secondary metabolites; 8 in negative ionization mode
and 12 in positive ionization mode (Table I, Fig. 1).
The abundance of theobromine, ishwarol, pyrimidine,
4-p-coumaroylquinic acid, pheophorbides have been
identified as major bioactives compounds in EAMMS
extract.
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Table I: Identification of EAMMS extract by LC-QToF-MS analysis in positive and negative modes.
Cpd RT (min) Base Peak Base Peak Compound (Cpd) Formula Mass Abundance
No. ESI - (m/z) ESI + (m/z) (x10°)

1 0.643 215.03 Theobromine C,H,N, O, 180.07 5.756
2 0.701 149.05 1-Methylhypoxanthine C,H,N,O 150.05 1.229
3 0861 205.07  Lathyrine C,H,N,O, 182.08 1.994
4 1.033 115.01 Pyrimidine C,H,N, 80.04 3.584
5 9.238 499.12 3,4-Dicaffeoyl-1,5-quinolactone C,H,0, 498.12 1.439
6 9.274 479.12 Laricitrin 3-rhamnoside C,,H,0, 478.11 1.524
7 9.393 337.09 4-p-Coumaroylquinic acid C,.H,; O, 338.10 2.732
8 9.39 291.09 Dihydromikanolide C.H,O, 292.09 1.996
9 9.415 515.12 Formononetin 7-O-glucoside-6""-O- C,H,, 0, 516.13 1.137
malonate
10 11.381 392.23 lle Leu Leu C,H.N,O,  357.26 1135
11 13.201 203.18  (2)-1,5-Tridecadiene C,, H,, 180.19 1.469
12 15.523 279.23 97,127,15E-octadecatrienoic acid C,H,, O, 278.22 1.087
13 16.086 163.08  8Z-Decene-4,6-diynoic acid C,H,0, 162.07 1.541
14 16.096 29523 a-9(10)-EpODE C, H,, O, 294.22 4.024
15 16.097 277.22 57,87,117,14Z-octadecatetraenoic acid C,H, 0O, 276.21 1.283
16 16.58 739.35 Normammein C,, H, O, 358.18 1.621
17 17.023 22119 Ishwarol C,.H,,0 220.18 5.619
18  18.138 377.27 1-Linoleoyl Glycerol C, H,O, 354.28 2.081
19 18.162 607.26  Pheophorbide b C,.H,,N,O,  606.25 1.865
20 19.623 591.26 Pheophorbide a C,H,N,O, 59227 1399

EAMMS=ethyl acetate of Mikania micrantha stems extract; LC-QTOF-MS=liquid chromatography quadrupole time-of-flight mass spectrometry; RT=retention time; ESI= electrospray ionization.
lon polarity was set at negative and positive, and the mass range was from 100 — 3200 m/z. Abundance represents the relative concentration of each compounds
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Fig. 1: (@) Mass spectrometry total ions chromatography of ethyl
acetate of EAMMS extract in negative ionisation mode. (b) Mass
spectrometry total ions chromatography of ethyl acetate of EAMMS
extract in positive ionisation mode.

Proteomic analysis

The downregulated proteins involved in lipid metabolism
and pathogenesis of hypercholesterolemia in the
treatment groups were listed as Uniprot protein 1D, such
as, 3-hydroxy-3-methylglutaryl coenzyme A synthase,
P22791; Acetyl-CoA acetyltransferase, P17764; Acyl-
CoA-bindingprotein, P11030; Acyl-coenzyme Aoxidase,
F1LNW3; Long-chain specific acyl-CoA dehydrogenase,

P15650 (Table II, Fig. 2). Meanwhile, the following
upregulated proteins by Uniprot protein ID: Glutathione
S-transferase Mu 2, P08010; Peroxiredoxin-1, Q63716;
Peroxiredoxin-5, Q9R063; Regucalcin, Q03336 and
Thioredoxin, P11232 (Table II, Fig. 2).
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Fig. 2: Expression of proteins of control and all treated experimental
rats at week 8. Heat maps displaying the changes in protein expression
across controls and samples. The red color signifies the upregulation
of protein expression while the blue color signifies downregulation
of protein expression.
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Table II: A proteomic analysis of molecular changes on liver tissues after treatment with EAMMS extract and simvastatin (SV)

at week 8.
. o i Univted o
No Name of Protein ID Control
NC PC sv EAMMS50  EAMMS100  EAMMS200

1 hydioxy3methylglutanyl coenzyme Ay pyyze1 100 174N 057 097 0.8 0.83 (L)
2 3-hydroxyacyl-CoA dehydrogenase type-2 070351 1.00  1.65(1) 0.68 () 0.99 0.88 1.17

3 3-ketoacyl-CoA thiolase P13437 1.00 1.18 0.57 (V) 0.90 1.02 0.82 (V)
4 3-ketoacyl-CoA thiolase A P21775 1.00 1.73(1) 0.72 () 1.1 0.92 0.83 (V)
5  3-ketoacyl-CoA thiolase B P07871 1.00 1.09 0.56 ({) 1.02 0.72 (V) 0.56 ({)
6 Acetyl-CoA acetyltransferase P17764 1.00 1.02 0.91 0.99 0.42 (L) 0.52 ()
7 Acyl-CoA-binding protein P11030 1.00 1.14 0.92 0.82 (V) 0.88 0.96

8  Acyl-coenzyme A oxidase F1LNW3 1.00 1.07 0.71 (L) 0.40 (L) 0.99 0.92

9  ATP-citrate synthase P16638 1.00 0.92 1.05 1.05 0.99 ND
10  Bile acid-CoA:amino acid N-acyltransferase Q63276  1.00 1.15 0.92 1.11 0.97 0.94
11 Cytochrome b5 P00173 1.00 1.00 ND 1.88 (1) 2.40 () 1.88 (1)
12 Cytochrome P450 2C11 P08683 1.00 1.00 ND 1.13 ND 1.14
13 Cytochrome P450 2D1 P10633 1.00 1.00 0.87 1.19 ND ND
14 Enoyl-CoA hydratase P14604 1.00  1.33 (M) ND 1.00 0.92 0.92
15  Fatty acid-binding protein P02692 1.00 0.99 0.69 (V) 0.75 () 0.77 (1) 0.91
16  Fructose-1 6-bisphosphatase 1 P19112 1.00 1.27(1) 0.82 () 0.87 0.84 0.58 (V)
17 Glutathione peroxidase 1 P04041 1.00 0.79() 1.20(M) 1.30 (1) 1.28 (1) ND
18  Glutathione S-transferase Mu 1 P04905 1.00 1.08 0.90 0.98 1.36 (1) 1.44 (M)
19  Glutathione S-transferase Mu 2 P08010 1.00 0.89 1.05 1.20 (1) 1.15 1.23 (M)
20 Heat shock protein HSP 90-beta P34058 1.00 1.13 1.15 ND 0.97 1.17
21 Heat shock protein 60 P63039 1.00 1.1 1.04 1.02 1.05 1.03
22 Isocitrate dehydrogenase [NADP] P41562 1.00 0.96 1.04 0.81 (L) 0.96 1.07
23 Long-chain specific acyl-CoA dehydrogenase ~ P15650 1.00 1.14 0.92 0.72 ({) 1.02 1.19
24 Peroxiredoxin-1 Q63716 1.00 1.14 0.88 1.15 1.17 1.29 (1)
25 Peroxiredoxin-2 P35704 1.00 1.05 1.05 0.95 1.05 1.18
26  Peroxiredoxin-5 QI9R063 1.00 1.01 0.90 0.94 1.02 1.20 (1)
27 Peroxiredoxin-6 035244 1.00 1.19 1.08 1.07 1.03 1.04
28  Pyruvate carboxylase P52873 1.00 1.18 0.43 (1) 0.90 0.72 (4) 0.60 (V)
29  Pyruvate kinase P12928 1.00 1.37(1M) 0.96 0.83 (I) 0.82 (V) 0.57 (V)
30 Regucalcin Q03336 1.00 0.65() 1.06 1.12 1.16 1.40 (™)
31 Superoxide dismutase-1 P07632 1.00 1.19 0.99 0.86 0.86 1.02
32 Thioredoxin-1 P11232 1.00 132(1) 1.23(1M) 1.18 1.43 (1) 1.87 (1)

ND: Not determine; upregulation (threshold values of >1.20) and downregulation (threshold values of <0.83) of the protein are represented as (1) and ({/), respectively. The data were com-
pared to one another using PEAKS Q. The N number for all controls and samples is three, and the p-value is set at 0.05.

Biological process, molecular function and protein
network interaction of differential expressed proteins

Fig. 3 depicts the biological process and molecular
functions of the proteins that have exhibited differential
expression. The proteins that exhibited dysregulation
following treatment with EAMMS extract, as compared
to the control group, were categorised based on their
involvement in specific biological processes and their
molecular functions using the Panther online database
(http://pantherdb.org). In relation to the categorization
of biological processes, it is observed that the largest

Mal ) Med Health Sci 20(4): 114-123, July 2024

proportion of differentially expressed proteins is
associated with cellular processes (37.9%). This is
followed by response to stimulus (16.7%), biological
regulation (7.6%), metabolic processes (3.3%), immune
system processes (3.0%), and localisation (1.5%), as
visually represented in Fig. 3 (A). As shown in Fig. 3
(B), the distribution of differentially expressed proteins
according to their molecular function indicates that
exposure to EAMMS extract dysregulates primarily
proteins with catalytic activity (70%) and binding
proteins (30%).
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Fig. 3: Panther Gene Ontology classification of the differentially
expressed proteins in the liver of Sprague Dawley rats exposed to the
treatment of EAMMS extract compared to control group according to
(A) biological process and (B) molecular function.

As shown in Fig. 4, a total of 30 nodes are linked together
by 46 interactions in the PPl network, some of which
are narrow and dense. The protein interaction networks
exhibited a significant enrichment, as indicated by
the statistical value of 0.0137. Furthermore, STRING
software was used to obtain the KEGG-Pathway
Enrichment to investigate biomolecular pathway
maps (Table 1) such as lipid metabolism, amino acid
metabolism and biosynthesis, pyruvate metabolism and
glutathione metabolism.

Fig. 4: Protein-protein interaction network obtained by STRING
software. Different colored edges represent the existence of different
type of evidence. A green line indicates neighbourhood evidence; a
blue line, gene co-occurance; a purple line, experimental evidence;
a black line, co-expression. ACAT1, Acetyl-CoA acetyltransferase;
ACAA2, Acetyl-coa acyltransferase 2; ACAA1A, 3-ketoacyl-CoA
thiolase A; ACAA1B, 3-ketoacyl-CoA thiolase B; ACLY, ATP-citrate
synthase; FABP1, Fatty acid-binding protein; HMGCS2, 3-hydroxy-
3-methylglutaryl-CoA synthase; HSPD1, 60 kDa heat shock protein;
HSP90AB1, Heat shock protein 90; PRDX1, Peroxiredoxin-1; RGN,
Regucalcin; BAAT, Bile acid-CoA:amino acid N-acyltransferase;
CYB5A, Cytochrome b5; CYP2C11, Cytochrome P450 2C11;
CYP2D1, Cytochrome P450 2D1; ECHS1, Enoyl-CoA hydratase;
FBP1, Fructose 1,6-biphosphatase 1; GPX1, Glutathione peroxidase
1; GSTM1, Glutathione S-transferase Mu 1; GSTM2, Glutathione
S-transferase Mu 2; IDHT1, Isocitrate dehydrogenase [NADP]
cytoplasmic; ACADL, Long-chain specific acyl-CoA dehydrogenase;
PRDX1, Peroxiredoxin-1; PRDX2, Peroxiredoxin-2; PRDXS5,
Peroxiredoxin-5; PRDX6, Peroxiredoxin-6; PC, Pyruvate carboxylase;
PKLR, Pyruvate kinase; RGN, Regucalcin; TXN1, Thioredoxin.

Table 111: KEGG-Analysis using STRING software yielded
a list of established pathways and the number of proteins
involved based on Figure 4.

KEGG Pathways

Count in Network

Fatty acid metabolism
Fatty acid degradation
Fat digestion and absorption
Fluid shear stress and atherosclerosis
Biosynthesis of amino acids
PPAR signalling pathway
Pyruvate metabolism
Citrate/TCA cycle

Glutathione metabolism

U W W h W A N W W

—
)]

Metabolic pathways

DISCUSSION

The current investigation demonstrated that the
administration of EAMMS treatment resulted in
the reduction of expression levels of both acetyl-
CoA acetyltransferase  (ACAT1) and acetyl-CoA
acetyltransferase 2 (ACAT2). ACAT1 plays a role in the
production of macrophage foam cells, whereas ACAT2
is involved in the process of cholesterol esterification
which converting free cholesterol into cholesterol
ester, as well as intestinal cholesterol absorption, and
the release of lipoproteins containing ApoB (29,30).
In a previous study, Repa et al. (31) reported that the
inhibition of ACAT2 has been shown to effectively
suppress cholesterol absorption and decrease levels of
fat. Ibrahim et al. (6) reported that the administration of
EAMMS extract resulted in the most significant inhibition
of the enzymes HMGCR and ACAT2 in rats, when
compared to the control group. From phytochemical
analysis, the presence of pheophorbides in the EAMMS
extractcould be attributed to the extracts” ability to reduce
ACAT activity. Song et al. found that pheophorbides
inhibited ACAT activity with the IC50 value of 1.1 ug/
mL in an enzyme assay using rat liver microsome with
a dose dependent fashion (31). Pheophorbides have
also been demonstrated to inhibit lipid accumulation by
suppressing SREBP-1-mediated lipogenesis in the liver.
Lessening of ACAT activity serves as a target for the
treatment of hypercholesterolemia and atherosclerosis
progression (32).

The protein expressions associated with lipid
biosynthesis  include  hydroxymethylglutaryl-CoA
synthase cytoplasmic (HMGCS2), which serves as the
initial enzyme in the mevalonate biosynthesis pathway
and acts as a precursor for sterol isoprenoids, including
cholesterol (33). According to De Rosa et al. (34), high
cholesterol concentrations in the liver significantly
increased HMGCS2 gene expression. Overexpression
of this protein in the liver of rats because of a saturated
fat-rich diet. EAMMS treatment attenuated the protein
expression of HMGCS2 at a dosage of 200 mg/kg. The
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anti-hypercholesterolemic potency of EAMMS extract
due to the high phenolic acids and flavonoid contents
in Mikania micrantha (15,35) which have also showed
antihypercholesterolemic effects in other plant extracts.

The implementation of a high cholesterol diet at a
concentration of 1% resulted in a decrease in the
expression levels of proteins associated with lipid
metabolism, including Glutathione S-transferase Mu
2 (GSTM2), in comparison to normal rats. However,
treated rats with EAMMS extract at 50 mg/kg and
200 mg/kg revealed the extract’s ability to increase
GSTM2 expression in the rats. These findings could be
attributed to the effects of bioactive compounds found
in M. micrantha on GSTM2 protein expression. GSTM2
expression, according to Lan et al. (36), could attenuate
lipid accumulation and inflammation. Furthermore,
GSTM2 has been shown to regulate abnormal lipid
metabolism in a variety of pathological processes (37).

The results show that EAMMS extract exposure increased
the expression of Thioredoxin-1 (TRX-1) at dosages of
100 mg/kg and 200 mg/kg (Table I1). Thioredoxin-1 (TRX-
1) is a 12-kDa highly conserved protein that, along with
TRX-1 reductase and NADPH, functions as a regulator
of cellular reduction/oxidation (38). Previous research
has shown that TRX-1 and polyphenols play crucial
roles in cardiovascular system protection, including
anti-oxidative and anti-inflammatory functions (39-41).
Therefore, the effect of EAMMS extract had imposed as
anti-hypercholesterolemic activities on regulating the
activity of TRX-1, which could be an alternative target
for treating hypercholesterolemia and atherosclerosis.
Also, EAMMS treatment of rats at a dose of 200 mg/kg
demonstrated the ability to upregulate the expression
of PRDX1 and PRDX5. This evidence suggested that
EAMMS extract, which contains abundance of bioactive
compound such as theobromine decreased the PRDXs
expression. This study is supported with a previous study
by Janitschke et al. (42), who discovered this alkaloid
upregulated the expression of PRDX1 and PRDX5 in
rats. Hence, this reaction suggested that EAMMS extract
could protect cholesterol homeostasis from oxidative
stress and reduce the risk of CVD.

Phenolic compounds may contribute to improving
endogenous antioxidant defense by restoring or
augmenting the activities of antioxidant enzymes
glutathione peroxidase (GPX1) and, as a result,
glutathione content (43). The proteins encoded by
GPX1 from glutathione metabolism are involved in
the detoxification of hydrogen peroxide and lipid
hydroperoxides respectively and are the most important
antioxidant enzymes. Glutathione peroxidases 1 (GPX1)
was upregulated in the rats treated with EAMMS extract
(50 mg/kg and 100 mg/kg). The results are consistent
with the gene expression of GPX1 in a previous study,
which discovered that feeding mice a theobromine-

rich diet for 20 days can stimulate Nrf2 activation
and, as consequently, increase the expression of both
superoxide dismutase (SOD-1) and GPX by its own
(44). Additionally, the levels of expression of SOD-
1 also were found to be higher in the group treated
with EAMMS extract. The enzyme, which is encoded
by SOD-1, destroys free superoxide radicals in tissues.
In addition, EAMMS extract raised the expression of
isocitrate dehydrogenase 1 (NADPH), which is involved
in the regeneration of NADPH for antioxidant systems,
which provides hydroquinone as an antioxidant (45).

Besides, rats treated with EAMMS extract at high doses of
100 mg/kg and 200 mg/kg showed the ability to down-
regulate the expression of pyruvate carboxylase, which
can prevent lipid formation at the start of lipid synthesis
pathways. These findings suggest that polyphenols
in M. micrantha have the potential to act as pyruvate
carboxylase inhibitors, which is in line with the findings
of other authors (46). Other than that, EAMMS exposure
up regulated the expression of regucalcin at dosage of
200 mg/kg. Regucalcin is essential for controlling lipid
and glucose metabolism (47). According to Yamaguchi
and Nakagawa (48), total cholesterol, free fatty acids,
hepatic triglycerides, and glycogen were reduced in
regucalcin in TG rats. Besides, regucalcin had inhibited
the activation of cytoplasmic pyruvate kinase, and
fructose 1,6-diphosphatase in rat liver. These results are
consistent with this proteomic analysis’s finding that the
expression of fructose 1,6-diphosphatase and pyruvate
kinase were suppressed by up-regulation of regucalcin
(49).

The present findings also provide strong evidence that
the use of EAMMS extract may be attributable to the up-
regulation of protein involved in glutathione metabolism,
such as GPX1, GSTM1 and GSTM2, which play crucial
roles in antioxidant defence and the regulation of
cellular events, as well as TRX1, which contributes to
cellular redox balance. Also, down-regulation of lipid
and fatty acid metabolism proteins such as HMGCS2,
ACAT1, ACLY, FABP1 may contribute to the possible
mechanism for EAMMS extract’s cholesterol-lowering
effect.

Further study employing preclinical studies and
controlled trials is required to investigate the limitations
of the medications in conjunction with EAMMS extract
as new drug delivery vehicles. In addition to lifestyle
modification, pharmacotherapy and individualized
treatment regimens remain the primary pillars of
hypercholesterolemia and other metabolic-syndrome-
related disorders. Furthermore, because rats and humans
have different anatomy, gene expression, cholesterol
metabolism, and clinical translatability (50), this study
provides new insights into the mechanism of action of
EAMMS extract on cholesterol metabolism and expands
the rat model’s utility for translational research in
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hypercholesterolemia.
CONCLUSION

A wide range of secondary metabolites which are
present in M. micrantha demonstrated promising
therapeutic properties EAMMS extract. The identified
compounds such as theobromine, ishwarol, pyrimidine,
4-p-coumaroylquinic  acid,  pheophorbides  and
dihydromikanolide suggested bioactive compound
that contributed to cholesterol-lowering properties of
EAMMS extract. The proteomic data revealed more
information about the metabolic pathways modulated by
EAMMS extract, implying the underlying mechanisms by
which M. micrantha extracts regulate protein expression
to potentially lowering the cholesterol and thereby
prevent the cardiovascular diseases (CVDs), which is
mainly through the regulation of proteins involved in
lipid metabolism pathways. In conclusion, this study
demonstrated the potential anti-hypercholesterolemic
effects of M. micrantha and provide understanding on
the molecular targets of EAMMS extract, which could
be used for further clinical study on the putative anti-
hypercholesterolemic properties.
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