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Comprehensive studies have been carried out on Dayak onion (Eleutherine americana (aubl.) Merr) and its effects
on cardiovascular health, specifically on dyslipidemia. However, its effect in relation to arterial stiffness has not
been well-studied. This study aims to assess the impact of ethanol extracts of E. americana on high cholesterol
levels and arterial stiffness in an animal model with dyslipidemia generated by a high-fat high-cholesterol (HFC)
diet. Daily dosages of E. americana at 25, 50, and 100 mg/kg body weight (BW) were administered to the rats for
60 days and their lipid profile, arterial stiffness, heart rate (HR), and histopathology were measured and compared
to rats receiving no treatment (negative control) and simvastatin at 1.8 mg/kg BW (positive control). The results
indicated that an HFC diet increases the likelihood of cardiovascular issues by raising lipid levels and encouraging
the progression of atherosclerosis. This then leads to an increase in arterial stiffness and HR. The ethanol extract of
E. americana successfully prevented the rise in lipid profiles and the progression of atherosclerosis, hence preventing
HR from increasing and arterial stiffness. The highest effective dosage of E. americana was 100 mg/kg BW, with 50
mg/kg BW yielding similar performance to 1.8 mg/kg BW of simvastatin.

INTRODUCTION

Cardiovascular diseases (CVDs)

CVDs are a major global health issue responsible for

Dyslipidemia contributes to endothelial dysfunction
and atherosclerosis, which are two major contributors of CVDs,
in various ways. First, oxidized LDLs can lead to endothelial
dysfunction and a sequence of biological processes resulting in

around 17.9 million deaths in 2019, with 85% of these instances
involving heart attacks and/or strokes [1]. A significant
risk factor for CVDs is dyslipidemia. This is a condition
characterized by abnormal blood lipid levels, with the most
common form involving high levels of total cholesterol (TC),
triglycerides (TG), and low-density lipoprotein (LDL), together
with low levels of high-density lipoprotein (HDL). Regulating
lipid levels, particularly cholesterol, is thus a key strategy to
reduce the risk of CVDs caused by dyslipidemia [2].
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atherosclerosis and arterial stiffness [3]. Second, dyslipidemia
can cause an accumulation of'iron in the aorta and elevate serum
hepcidin levels, which can exacerbate endothelial dysfunction,
oxidative stress, and inflammatory reactions [4]. Third, non-
HDL cholesterol reduces the bioavailability of nitric oxide
(NO) produced by endothelial nitric oxide synthase, which can
then lead to the development of atherosclerosis [5].

Arterial stiffness is currently used as a prognostic
indicator to identify the cardiovascular protective effects of
test compounds in clinical practice [6], particularly in cases
where dyslipidemia is associated with an increased incidence
of arterial stiffness [7]. Arterial stiffness can be measured using
the non-invasive pulse wave velocity (PWV) method in 1- and
3-month-old mice, with arterial stiffness increasing with age
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[8]. To induce the thickening of the aortic wall, Kurniati et al.
[9] reported the use of a high-fat high-cholesterol (HFC) diet.

Use of herbal medicine in managing CVDs

Treating or managing diseases using herbal medicine
has been a significant research interest in recent years, with
various researchers focusing on their potential to manage
CVDs. Garlic has been shown to lower blood pressure and
cholesterol [10], while ginger has been shown to reduce
blood pressure in hypertensive patients [11] and provide anti-
inflammatory and antioxidant effects to help reduce vascular
damage [12,13]. However, the evidence remains mixed, with
the exact mechanism of action poorly understood. Further
studies are needed to uncover the molecular pathways involved
in their cardioprotective effects.

Dayak onion (Eleutherine americana (aubl.) Merr), the
herb of interest in this research, has been studied for its protective
effects on cardiovascular function, including its ability to prevent
dyslipidemia. Eleutherine americana extracted using water and
ethanol was shown to reduce TC and LDL levels [14]. It was
further observed to exhibit anti-atherogenic activity through
in silico methods, with compounds such as eleutherinoside A,
B-Sitosterol, eleuthoside B, and eleutherinoside B [15] playing
a role in its anti-atherogenic activity by acting as agonists of
Peroxisome Proliferated-Activated Receptor y [16]. Eleutherine
americana extracted using n-hexane was found to reduce
atherosclerosis by hindering foam cell development through
a decrease in the uptake of oxidized LDL while concurrently
promoting cholesterol efflux [17]. Eleutherine americana was
also found to have antihypertensive properties in a fructose-
induced hypertension animal model, being able to effectively
regulate systolic and diastolic blood pressure and heart rate
(HR). A potential mechanism underlying its blood pressure-
lowering effect is its diuretic action to stimulate increased urine
output [18].

However, the effects of E. americana on arterial
stiffness have not been reported, which is the interest of this
research. This study thus aims to contribute to existing studies
on the cardiovascular protective effects of E. americana by
examining the effects of ethanol extract of E. americana as an
antidyslipidemia agent and its implications on arterial stiffness
in an experimental dyslipidemia model on rats induced by an
HFC diet.

MATERIALS AND METHODS

Materials

Eleutherine americana was obtained from Lembang,
West Java, Indonesia, with determination certificate No. 48/
BH/02/2021 issued by Herbarium Jatinangor, Plant Taxonomy
Laboratory, Faculty of Mathematics and Natural Sciences,
Padjadjaran University. Cholesterol kit (Proline), Triglyceride
kit (Proline), HDL kit (Sekisui), LDL kit (Sekisui), 96% Ethanol,
Na-CMC, Cholesterol Powder (Bioworld), cholic acid, and
other chemicals commonly used for phytochemical screening
were provided by the laboratory department of Bhakti Kencana
University. Propylthiouracil (PTU) and generic simvastatin
were purchased from a pharmacy.

Animals

24 male Wistar rats used as the animal model in this
study were acquired from D-Wistar, Indonesia. The rats were
2 months old and had body weights (BWs) ranging from 200
to 250 g. Once acquired, they were housed within enclosures
maintained at 25°C and a 12-hour dark-light cycle. The rats
had unrestricted access to water and their respective diets.
The research protocol used in this study complies with ethical
standards and has been approved by the Ethics and Research
Committee of the Faculty of Medicine, Padjadjaran University
(approval number: 268/UN6.KEP/EC/2021).

Preparation and extraction of E. americana

Eleutherine americana was thoroughly cleansed
under running water to remove impurities such as soil, particles,
and other plant components. Then, the clean E. americana was
chopped to smaller sizes and dried in an oven at 45°C. Finally,
the dried E. americana was powdered and stored in an airtight
jar.

To make the ethanol extract, the powdered E.
americana was macerated in 96% ethanol for 72 hours and
then filtered. Subsequently, the filtrate was evaporated using
a rotary evaporator at a controlled temperature of 50°C [18],
resulting in a yield of 7.83% w/w, i.e., 78.3 g of extract from
1,000 g of dried E. americana. A 96% ethanol extract was used
as prior studies show that an ethanol extract resulted in a greater
extraction yield compared to an aqueous extract, with a 96%
ethanol extract exhibiting the highest total phenolic content and
the most potent antioxidant activity compared to lower ethanol
concentrations [19,20].

Physiochemical and phytochemical analysis

Physiochemical analysis using methods described by
the World Health Organization was conducted to determine
water content; total ash; water-soluble extractive value and
ethanol-soluble extractive value of the ethanol extract of E.
americana [21,22].

Phytochemical analysis using a standard procedure
was conducted on the ethanol extract of E. americana to
determine the presence of flavonoids, alkaloids, saponins,
tannins, and terpenoids [23,24].

Diet preparation

HFC diet and normal diet [for normal control (NC)
group] were prepared by mixing all ingredients and pressing
using a feed press, according to the composition shown
in Tablel. The suspension of cholesterol, cholic acid, and
thiouracil in vegetable oil was made with a composition of 200
mg/kg BW cholesterol, 0.2% cholic acid, and 12.5 mg/kg BW
PTU and administered orally to the rats.

Experimental design

The rats were acclimatized in their enclosures for
7 days, and then randomly grouped into six groups (n = 4)
based on Federer’s [25] method. Federer’s method calculates
the minimum number of animals required using the formula
(t-1) (n-1) >15, where (¢) is the number of groups and (n) is
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Table 1. Composition of normal and HFC diet.

No Component Amount of component
HFC diet Normal diet

1 Beef fat 1 kg 1 kg
2 Goat fat 1 kg -
3 Duckegg 20 pieces -
4 Quail egg 75 pieces -
5 Chicken’s liver 20 pieces -
6  Cornstarch 2 kg 2.5kg
7  Fish flour 2kg 1.8 kg
8  Mung bean flour 1 kg 1.4kg
9  Flour - 3.6kg

Note: This is the composition to make approximately 10 kg of diet.

Table 2. Test compounds and diets administered to the rats.

Group Description

Test compound Diet

1 NC group

2 Negative control group
(HFC)

3 Positive control group
(PC)

4 Test group with 25 mg/
kg BW of E. americana
(EA25)

5 Test group with 50 mg/
kg BW of E. americana
(EAS50)

6 Test group with 100 mg/
kg BW of E. americana
(EA100)

1% Na-CMC without any ~ NC diet
active ingredient

1% Na-CMC without any HFC
active ingredient

Simvastatin at 1.8* mg/kg ~ HFC
BW in 1% Na-CMC

25 mg/kg BW in 1% HFC
Na-CMC
50 mg/kg BW in 1% HFC
Na-CMC
100 mg/kg BW in 1% HFC
Na-CMC

*A simvastatin dose of 1.8 mg/kg BW was obtained by converting the human to

rat dose using a conversion factor of 0.18 for every 200 g BW of rat.

the number of animals [25]. Rats were administered the test
compounds orally and fed their diets once a day for 60 days,
with a 2-hour interval between the feeding of the test compound
and the diet. The test compounds and diets administered to each
of the six groups are summarized in Table 2. At the end of the
experiment, HR and PWV were measured and blood samples
were collected for lipid profile analysis for each rat. Then,
the rats were euthanized, and their aortas were collected for
histopathological examination.

HR measurement

HR measurement was conducted using an
electrocardiogram (ECG) device, which is a non-invasive
method described by Hasimun ef al. [26]. Analysis of the
ECG patterns involved the determination of the distance (time
elapsed) between two successive R-waves of the QRS signal
(R-R intervals), with shorter R-R intervals indicative of an
elevated HR [27].

Arterial stiffness measurement

Arterial stiffness was measured indirectly through
PWYV using ECG and photoplethysmogram sensors [8]. A
higher PWV index indicates increased arterial stiffness.

Blood sampling and lipid profile analysis

Blood samples were collected via the Retro-Orbital
Vein of the rats for lipid profile analysis. Before blood sampling,
the rats fasted for 8 to 12 hours with access to only water. Then,
they were anesthetized using CO,, and their blood was collected
using a hematocrit capillary pipe. The blood samples were
centrifuged at 3,000 rpm for 5 minutes and the resulting serum
was stored at —20°C before lipid profile analysis.

The lipid profile analysis on TC, TG, HDL, and LDL
levels was done using Proline and Sekisui kits. For TC and
TG, 10 pl of serum was mixed with 1,000 pl of reagent and
incubated at 37°C for 10 minutes. Then, TC and TG levels of
the resulting mixture were determined through Microlab 300
(ELITech) at a wavelength of 500 nm. For HDL and LDL, 3 pl
of serum was mixed with 300 pl of reagent 1 from the Sekisui
kit and incubated at 37°C for 5 minutes. Subsequently, 100
pl of reagent 2 from the Sekisui kit was added and incubated
at 37°C for 5 minutes. HDL and LDL levels of the resulting
mixture were determined through Microlab 300 at a wavelength
of 600 nm.

Atherogenic index plasma (AIP) is a marker to
predict the risk of atherosclerosis using TG and HDL levels,
and there is a clinical correlation between high AIP values and
cardiovascular events [28]. AIP was calculated using TG and
HDL levels using Equation 1:

TG
AP =1
*®HDL M

Aortic histopathology

Aortic histopathology of the rat’s aorta was done using
the hematoxylin and eosin staining method. After the rats were
sacrificed, their aortic tissues were collected and rinsed with
physiological saline and then fixed in 10% formalin. Following
fixation, the tissues were dehydrated using increasing
concentrations of ethanol (50%, 70%, 80%, 90%, and 96%) for
1 hour each, followed by three times 100% ecthanol for 1 hour
each. Thereafter, the tissues were cleared in xylol three times
for 1 hour each. The tissues were then embedded in paraffin and
sectioned at a thickness of 4 to 5 pm. The sections were mounted
on glass slides and stained with HE and then examined under
a microscope [29]. Parameters observed under the microscope
included histopathological features, aortic wall thickness, and
the number of foam cells. Progression of atherosclerosis, which
eventually leads to arterial stiffness, is indicated by the aortic
wall thickness and the amount of foam cells.

Data analysis

GraphPad Prism 10.2.2 statistical software (GraphPad
Software, San Diego, CA) was used to analyze the data. Results
were expressed as the mean + SD, and one-way ANOVA
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followed by Tukey’s multiple comparison testing was used to
compare the differences between treatment groups. Statistical
significance was considered at p < 0.05, p < 0.001, and p <
0.0001.

RESULTS AND DISCUSSION
Results

Physicochemical and phytochemical analysis

Tables 3 and 4 present the results of physicochemical
analysis and phytochemical screening of the ethanol extract of
E. americana, respectively. The water content, total ash, water-
soluble extractive value, and ethanol-soluble extractive value
were 5.5, 5.6, 15.0, and 10.0% w/w respectively, which comply
with the quality requirement specified by Herbal Pharmacopeia
and Indonesian Materia Medica [30]. In addition, the ethanol
extract of E. americana contained flavonoids, alkaloids,
saponin, tannins, and terpenoids.

HR and arterial stiffness analysis

Figure 1 shows the results of HR and PWV analysis
after the experiment. There were no significant differences
in HR parameters of the positive control (SC), and treatment
groups EA25, EAS0, and EA100 compared to the NC group (p
> (0.05). However, there were significant differences in PWV
of EA25 group compared to the NC group (p < 0.0001). In
addition, there were significant differences in HR and PWV
parameters of the SC group, EA50 and EA100 compared to the
negative control group (HFC) (p < 0.0001), but there were no
significant differences in PWV of EA25 group compared to the
HFC group (p > 0.05). The results show that E. americana at 50
and 100 mg/kg BW may prevent arterial stiffness as it decreases
HR value, through a decrease in PWV value.

Figure 2 shows the ECG patterns for all six groups in
this study. NC group (Fig. 2A), SC group (Fig. 2C), EA50 group
(Fig. 2E), and EA100 group (Fig. 2F) had the longest distances
between the R-R intervals at around 0.2 seconds. Meanwhile,
HFC group (Fig. 2B) and EA25 (Fig. 2D) had shorter distances

Table 3. Physicochemical parameters of E. americana.

No. Parameters Result (% wiw)
1 Water content 5.6
2 Total ash 15
3 Water-soluble extractive value 10
4 Ethanol-soluble extractive value 5.5

Table 4. Qualitative phytochemical analysis of E. americana.

No. Parameters Result
1 Flavonoids Positive
2 Alkaloids Positive
3 Saponins Positive
4 Tannins Positive
5 Terpenoids Positive

between the R-R intervals at around 0.15 seconds. A short R-R
interval suggests an elevation in the HR.

Lipid profile analysis

Figure 3 shows the analysis of TC, TG, LDL, and
HDL levels. Compared to the NC group, the HFC group had
higher TC, TG, and LDL levels (p < 0.0001) and lower HDL
levels (p < 0.05). TC, TG, and LDL levels showed significant
differences for SC group and all treatment groups (EA25,
EA50, and EA100) when compared to HFC group (p <
0.0001). However, no significant differences were observed
for SC group and all treatment group (EA25, EA50, and
EA100) when compared to NC group (p > 0.05). In addition,
HDL levels showed significant differences for SC group (p <
0.001) and all treatment groups (EA25, EAS50, and EA100)
(p <0.0001) when compared to HFC group. Put together, the
results indicate that E. americana at 25, 50, and 100 mg/kg
BW may confer antidyslipidemia effects through decreased
TC, TG, LDL, and increased HDL levels, and the effect is
similar to the SC group.

Figure 4A shows the AIP values. There were no
significant differences in the AIP value for SC group and all
treatment groups (EA25, EAS50, and EA100) when compared
to NC group (p > 0.05). However, there were significant
differences for NC group, SC group, and all treatment groups
(EA25, EAS0, and EA100) when compared to HFC group (p
< 0.0001). The results show that E. americana at 25, 50, and
100 mg/kg BW may prevent atherosclerosis by decreasing AIP
value, through decreasing TG and increasing HDL levels, and
such an effect is similar to the SC group. AIP is a measure of
the ratio of TG and HDL and reflects the balance between the
protective and atherogenic lipoproteins. It thus correlates with
the size of pro- and antiatherogenic lipoprotein particles and
represents the atherogenic risk. Since AIP is an easily available
cardiovascular risk marker, it has the potential for use as a
useful measure of response to treatment for pharmacological
intervention.
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Figure 1. Arterial stiffness is a pivotal biomarker for assessing the risk of
cardiovascular events. The ethanol extracts of E. americana at 25, 50, and
100 mg/kg BW can significantly influence hemodynamics on the 60th day
of treatment by reducing HR (A) and arterial stiffness as indicated by PWV
values (B). Therefore, the ethanol extracts of E. americana were beneficial for
controlling and preventing endothelial dysfunction or arterial stiffness. The data
are expressed as the mean + SD (n = 4). ****p <0.0001 compared to the HFC

group.
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Figure 2. ECG patterns for all groups, NC group (A), HFC group (B), SC group (C), EA25 group (D), EA50 Group (E), and EA100 Group (F).
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Figure 3. Lipid profiles are crucial biomarkers for predicting cardiovascular events, particularly endothelial dysfunction. Ethanol extracts of E. americana at 25, 50,
and 100 mg/kg BW influenced the lipid profiles on the 60th day of treatment by maintaining TC (A), TG (B), HDL (C), and LDL (D) levels within a normal state.
Therefore, ethanol extracts of E. americana were beneficial for controlling and preventing dyslipidemia events. The data are expressed as the mean + SD (n = 4). *p

<0.05, ***p <0.001, ****p <0.0001 compared to the HFC group.

Among the three groups, EA100, with the highest
dosage of E. americana, showed the highest effectiveness in
reducing TC, TG, and LDL levels, increasing HDL levels, and
lowering AIP values. Nevertheless, EA50 (50 mg/kg BW) itself
has a similar performance to the SC group.

Histopathology of aorta

Figure 5 shows the histopathological images of the
aorta, and Figure 4B and 4C show the aortic wall thickness and
foam cell count. Histopathological images of the aorta further
confirmed the occurrence of early-stage atherosclerosis in the
HFC group. In addition, the HFC group was found to have

significantly higher AIP values when compared to the NC group
(p <0.05). There was also a slight thickening of the aortic wall
and the formation of foam cells in the HFC group, although
the results were not statistically significantly higher than the
NC group (p > 0.05). This is consistent with the measurements
of aortic wall thickness and foam cell count in the HFC group,
which were higher compared to the NC group.

Overall results

The effects of E. americana in lowering TC, TG,
LDL, and AIP levels, increasing HDL levels, and reducing HR
and PWYV (except for the EA25 group) were largely similar to
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Figure 4. AIP values (A), aortic wall thickness (B), and foam cell count (C) are crucial markers for predicting cardiovascular events, especially arterial stiffness and
endothelial dysfunction. The EA25, EA50, and EA100 groups exhibit lower AIP values, foam cell count, and aortic wall thickness compared to the HFC group on
the 60th day of treatment. Based on the AIP values, the ethanol extracts of E. americana were beneficial for preventing atherosclerosis. The data are expressed as the

mean = SD (n =3-4), ¥***p <0.0001 compared to the HFC group.

Figure 5. Histopathological images of the aorta wall show the formation of foam cells and cell separation in the HFC (B), EA25 (D) and EA50 (E) groups. No foam
cells and cell separation were observed in the NC (A), SC (C), and EA100 (F) groups. —Foam cells,— = cell separation.

the SC group, which received simvastatin at 1.8 mg/kg BW.
The highest effective dosage of E. americana was 100 mg/kg
BW, with 50 mg/kg BW yielding similar performance to 1.8
mg/kg BW of simvastatin.

DISCUSSION

This study confirmed previous research findings that
an HFC diet can induce elevated TC, TG, and LDL levels, and
decreased HDL levels (i.e., dyslipidemia) in male Wistar rats.

Specifically, a significant increase in lipid profiles, namely TC,
TG, and LDL, and a decrease in HDL were observed after the
administration of an HFC diet for 60 days (Fig. 3). This study
contributes to Kurniati et al.’s [9] study, which only examined
lipid profiles and aortic wall thickness via histopathology, by
including analyses of HR, PWV, and foam cell formation. The
additional analyses used in this study showed that HFC-induced
dyslipidemia results in gradual foam cell formation (leading
to atherosclerosis), increased arterial stiffness or endothelial
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dysfunction, and elevated HR, eventually compromising
cardiovascular function in the rats. The findings also align with
prior research which suggests that increased oxidative stress
plays a pivotal role in the development of arterial stiffness,
thereby contributing not only to endothelial dysfunction but
also to coronary artery disease [31]. Therefore, arterial stiffness
can serve as an important biomarker for assessing the efficacy
of cardiovascular therapy [32].

In this study, the HFC diet is able to induce
dyslipidemia and arterial stiffness as it contains exogenous
cholesterol, cholic acid, and PTU. Cholic acid increases the
absorption of exogenous cholesterol by increasing bile acid
production. This raises bile acid concentrations in the intestine
and causes increased cholesterol absorption through the
formation of cholesterol micelles by bile acids [33]. On the other
hand, PTU is an antithyroid drug that inhibits thyroid cells and
causes hypothyroidism [34]. Hypothyroidism downregulates
lipoprotein metabolism by causing a decrease in LDL receptors
in the liver, and results in an increase in lipid levels, particularly
LDL [35]. The combined effects of exogenous cholesterol,
cholic acid, and PTU thus raise LDL and TG and decrease
HDL, thereby contributing to the increased incidence of
atherosclerosis [36], the number of foam cells in the aortic wall,
and arterial stiffness [37], which are consistent with this study’s
research findings.

This study further showed that an ethanol extract of E.
americana can improve lipid profiles and reduce cardiovascular
events by preventing atherosclerosis and lowering arterial
stiffness and HR, with effects similar to simvastatin. The
observed effects of E. americana on lipid profiles corroborate
with existing research and this study contributes by
demonstrating its effects on arterial stiffness using PWV, HR,
and aortic histopathology.

While various studies have investigated the source
of antidyslipidemic activity of E. americana, there is still no
clarity in the mechanism of action. Some studies attribute
the antidyslipidemic activity to three compound groups (i.e.,
naphthalene, naphthoquinone, and anthraquinone), which can
prevent the occurrence of atherosclerosis through a coronary
vasodilator mechanism and facilitate blood flow in coronary
arteries [17,38]. Other studies found that the antidyslipidemic
activity comes from phytochemicals such as Eleutherol
[39], Eleurherol A, Eleurherol B [40], Eleutherinoside A,
Eleutherinoside B [41], Eleuthoside B, Elecanacin [42],
isoeleutherin [43], and B-Sitosterol [15]. From a pathological
perspective, understanding antidyslipidemic activity of E.
americana alone is insufficient since atherosclerosis is a
chronic disease with a prolonged and multi-stage development
with early signs including the thickening of the aortic wall and
foam cell formation. Current literature shows that dyslipidemia
disrupts endothelial function by increasing the production
of reactive oxygen species. These radicals deactivate NO, a
key endothelial relaxation factor, and free radical exposure to
endothelial cells then leads to LDL oxidation. Oxidized LDL
can be captured by macrophages through scavenger receptors,
and when exposed to oxidized LDL, macrophages transform
into foam cells, causing cell-to-cell widening [44,45]. Further
research is thus required to fully understand the antidyslipidemic

activity of specific compounds in E. americana, including their
protective effects on atherosclerosis.

Compared to more traditional herbs like garlic,
ginger, or ginseng, E. americana is lesser-known. However,
current research, including ours, suggests potential benefits
for cardiovascular health, with benefits as a vasodilator, anti-
inflammatory effects, and antioxidant properties [46,47].
Eleutherine americana also has very low toxic potential.
One study found that a 70% ethanol extract of E. americana
exhibited an LD50 value exceeding 2,000 mg/kg BW in rats,
with no observable toxic signs during administration [48],
while another reported an LD50 value greater than 5,000 mg/
kg BW in rats and classified it as practically non-toxic [49].
A separate study investigated the use of single and repeated
doses of E. americana ethanol extract and found that it did
not induce any alterations in clinical, hematological, or
biochemical parameters in the rats [50]. Nevertheless, garlic,
ginger, and ginseng do still have a more substantial body of
clinical evidence supporting their use for cardiovascular health
(although the strength and consistency of the evidence vary),
while current studies for E. americana are still primarily in
animal models and in vitro experiments. More human trials
are thus required to establish the efficacy and safety of E.
americana.

CONCLUSION

In conclusion, the administration of E. americana
extract demonstrated overall improved health in rats induced
with an HFC diet, maintaining lipid profiles within normal
limits and preventing the occurrence of atherosclerosis and
arterial stiffness. These findings suggest that E. americana
has a positive impact on cardiovascular conditions,
particularly dyslipidemia and arterial stiffness. Nevertheless,
while there is great potential for E. americana to be used as
a therapeutic agent for CVDs, further research is needed to
fully understand its mechanisms of action, safety profile, and
optimal dosage.
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