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ABSTRACT

There is a strong relationship between arterial stiffness and high blood
pressure. Arterial stiffness increases the risk of a cardiovascular event and
sudden death, especially in hypertensive patients. This study aimed to
determine the effective combination of Centella asiatica and Curcuma longa
on arterial stiffness in hypertensive animal models. Twenty-five male rats
aged 2-3 months were randomly into five groups. The groups comprising the
negative control and positive control group (receiving drug carriers), the test
drug group receiving captopril 2.5 mg/kg, the combination of Centella asiatica
(CA) and Curcuma longa (CL) doses of 50 and 100 mg/kg. Except for the
control group, all groups received a high-fat diet and 25% fructose drinking
water for 28 days. On day 15, they received test drug. On days 0, 14, and 28,
systolic and diastolic blood pressures, as well as the PWV (pulse wave
velocity), were assessed. Nitric oxide levels in serum were measured using
Griess reagents on day 28. The results showed that a combination of CA and
CL doses of 50 and 100 mg/kg reduced systolic and diastolic blood pressure
accompanied by a decrease in PWV and a statistically significant increase in
serum NO levels (p <0.05). It concluded that a combination of CA and CL has
the potential as antihypertensive, improving arterial elasticity.
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INTRODUCTION

Hypertension is inextricably linked to artery
stiffness. The flexibility of arteries declines with
aging. Aging-related arterial stiffness increases the
velocity at which the pressure pulse travels
through the aorta, resulting in elevated blood
pressure (Sun, 2015). Hypertension is defined as an
increase in both systolic and diastolic blood
pressure that exceeds normal limits. Uncontrolled
increase in blood pressure will cause endothelial
dysfunction in several ways, such as increased
endothelial cell permeability, which will cause
edema and decreased bioavailability of Nitric Oxide
(NO) (Wilkinson & Cockcroft, 2007).

Excessive arterial stiffness puts target
organs such as the arteries, heart, and kidneys at
risk of injury. It is well established that arterial
stiffness is a significant independent risk factor for
cardiovascular disease. Increased pulse wave
velocity (PWV) by one m/s corresponds to
increased cardiovascular events by 14% and all-
cause mortality by 15% (Aroor et al, 2013). The
strong association between arterial stiffness and

hypertension necessitates improved medication
since decreased arterial stiffness is required in
conjunction with lowering blood pressure. The
drug's inability to restore arterial flexibility may
account for its failure to treat hypertension. Recent
research has demonstrated the critical role of
hypertension management in reducing arterial
stiffness. Increased nitric oxide levels can increase
arterial flexibility and serve as vasodilators
(Sharman et al., 2017).

Vascular assessment is critical to achieving
successful treatment of hypertension. It can be
measured using the PWV technique, which is
determined by blood pressure and age. Also, it is
believed that heart rate has an independent effect
on PWV. Increased heart rate can increase arterial
stiffness via changes in smooth muscle tone in large
arteries, which influence sympathetic activity. (Tan
et al, 2016). However, the relationship between
heart rate and PWV is still unknown.

Clinically, PWV assessment is beneficial for
predicting and measuring cardiovascular risk in the
general population, the elderly, and hypertensive
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patients. A rise in arterial stiffness is associated
with endothelial dysfunction (Jadhav & Kadam,
2005). Previous research has shown that the PVW
approach can be used to estimate vascular stiffness
in rats. There was a significant difference in PWV
values among rats of different ages. This approach
could be used to discover natural products that can
act as antihypertensive medications while also
decreasing arterial stiffness (Zakaria & Hasimun,
2017a).

Natural medicines that have been beneficial
as antihypertensives include Centella asiatica
leaves and Curcuma longa rhizome. The content of
active compounds, including flavonoids, alkaloids,
and saponins, is responsible for pharmacological
effects. As the main component in the turmeric
rhizome, curcumin has been reported to have

various pharmacological activities, including
vascular repair. Curcumin has been reported to
have antihypertensive activity. = Moreover,

curcumin improving endothelial function, arterial
elasticity, and nitric oxide bioavailability (Cicero et
al.,,2017). The flavonoid content of Centella asiatica
has been reported to reduce blood pressure,
cleanse the blood and heal wounds. Also, the
flavonoids of Centella asiatica can inhibit the ACE
enzyme resulting in a decrease in blood pressure,
in-vitro (Sanctis et al., 2001). However, their effects
on arterial stiffness are not yet known.

A previous study reported that the
combination of Centella asiatica and Curcuma longa
in the form of fresh juice preparations could
prevent high blood pressure and maintain arterial
elasticity in vivo (Hasimun, Mulyani, Sulaeman, &
Saraswati, 2019). Centella asiatica and Curcuma
longa can be produced into herbal medicines that
effectively lower blood pressure and reduce
arterial stiffness in hypertensive patients, based on
the results of previous studies. It can prevent
complications of cardiovascular disease. This study
aimed to determine the effect of Centella asiatica
leaves and Curcuma longa rhizome in extract
combination against arterial stiffness in
hypertensive animal models induced by a high-fat
diet and 25% fructose in drinking water.

MATERIAL AND METHODS
Plants material authentication

The leaves of Centella asiatica and the
rhizome of Curcuma longa were collected at
Manoko Plantation in Lembang, Bandung,
Indonesia. Authentication was conducted at the
Biological Laboratory, School of Biological Science
and Technology, Bandung Institute of Technology
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(Registered #5234 /11.C02.2/PL/2018 as Centella
asiatica and #5948/11.C02.2/PL/2018 as Curcuma
longa). Phytochemistry screening was conducted
to determine the secondary metabolites, including
alkaloids, flavonoids, saponins, tannins, and
steroids-triterpenoids.

Extracts preparation

Centella asiatica and Curcuma longa were
sifted and cleaned of contaminants under running
water before being cut into small pieces and dried
in the oven at 37°C. The dried substances were
pulverized using a blender. The powder was
macerated by immersing it in 70% ethanol solvent
in the extraction chamber for three days in a room
protected from light. The obtained filtrate was
filtered and dried using a rotary evaporator at
40°C.

Preparation of High-fat and high-fructose diet
(HFHF)

The high-fat feed consisted of 60% of
standard meals (Pokphan C551®) purchased from
local stores and 40% fat. The fat contained 90 g
duck eggs, 155 g margarine, and 155 g beef fat. All
ingredients are mixed until homogeneous, ground,
and cut to a 2-3 cm length, then dried in the oven at
37°C. Fructose solution 25% in drinking water was
prepared every day. All groups except the normal
group received a high-fat diet and 25% fructose
drinking water for 28 days.

Animals protocol

The 2-3-month-old Wistar male rats
weighed 200-250g and were housed in an animal
laboratory under standard conditions, which
included a temperature range of 24-26°C, a
humidity level of 70-75%, and a 12-hour light-dark
cycle. The test animals were fed regularly and given
access to drinking water (ad libitum) daily. All
procedures followed the ethics and rules for the use
and care of animals. The Faculty of Medicine,
Padjadjaran University, Bandung, issued ethical
approval with registration number 0219030390.

The study refers to previous studies that
reported antihypertensive effects of a combination
of Curcuma longa and Centella asiatica in juice
preparations with a ratio of 1:1(Hasimun, et al,
2019). The study of antihypertensive activity was
conducted in-vivo for 28 days in male Wistar rats
induced by a high-fat diet and 15% fructose
drinking water. This method refers to the results of
previous studies that induction a high-fat diet and
drinking containing 25% fructose for 28 days
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showed animal models of hypertension
accompanied by arterial stiffness (Hasimun et al.,
2020). A total of 25 male rats aged 2-3 months were
grouped randomly into five groups. The groups
consisted of the control and induced group
(receiving drug carriers), the test drug groups
including captopril 2.5 mg/kg, extract combination
(1:1) of Centella asiatica (CA) and extract of
Curcuma longa (CL) doses of 50 and 100 mg/kg.
Except for the control group, all groups were fed a
high-fat diet and drinking containing 25% fructose
for 28 days. On day 15, the test drug was
administered. Systolic and diastolic blood
pressures were taken non-invasively on days 0, 14,
and 28 using the CODA tail-cuff device.

On days 0, 14, and 28, arterial stiffness was
determined using the previously described PWV
(pulse wave velocity) method (Zakaria & Hasimun,
2017b). Increased PWV values indicate an increase
in arterial stiffness. The electrocardiogram (ECG)
sensor and a photoplethysmogram were used as
the basis for this PWV measurement method (PPG).
Electrocardiograms were used to obtain a signal
from the electrical activity of the heart muscle by
attaching electrodes to the right palm, left palm,
and right foot. Simultaneously, a PPG sensor was
placed at the base of the tail to monitor blood flow
changes.

In summary, the ECG determined the
potential difference between the left and right arms
by using the right leg as a common reference point.
The difference in potential induced by cardiac
muscle contraction. The peak of the
electrocardiogram (ECG) signal (R-wave) was
utilized as a reference time point to indicate when
the ventricle contracts to push blood away from the
heart. The PPG sensor was positioned at the tail
base to determine the change in blood volume. The
foot of the PPG signal was applied as a second-time
reference point to determine the arrival time of the
heart-pumped blood.

Nitric oxide serum levels were measured
by previously reported methods with a slight
modification (Garmana et al, 2018). On the 28th
day, blood was drawn from all groups of animals.
Blood centrifugation separated the serum at a
speed of 10,000 rpm for 10 min. Deproteination of
400 pL serum was got with 6% ZnS04 of 80 pL then
centrifuged. The supernatant was reacted with
80uL Cadmium 6% for 15 min. The 380 pL of this
solution was added with 1.5 mL of Griess reagent,
then incubated for 1 h. UV Vis spectrophotometry
measured absorbance at a 535 nm wavelength.
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Analytical Data

The data obtained are displayed in tables
and figures as the average value and standard
deviation of 5 observational data for each group.
Statistical significance between the groups was
analyzed by a one-way ANOVA test using the SPSS

18.0 software. A statistically significant as
indicated by p<0.05.
RESULT AND DISCUSSION

Extract yield was 16.98% and 10% for CA
and CL, respectively. The results are following the
Indonesian Herbal Pharmacopoeia that the yield of
Centella asiatica extract is not less than 7.3% while
for Curcuma longa not less than 11%.
Phytochemical screening identified flavonoids,
saponins, tannins, and steroid-triterpenoids in CA,
while the flavonoid, saponins, and steroids-
terpenoids in CL. These results were in line with
previous studies that Centella asiatica leaves
contain phenolic compounds with antioxidant
activity (Zainol et al., 2003). The different solvents
used in Centella asiatica extraction produce
different amounts of phenolic compounds. The
solvent's polarity affected the content of extracted
phenolic compounds, which was proportionate to
their antioxidant and antibacterial activities.
Centella asiatica extracted by ethanol solvent
produced the highest phenolic compound
content compared to other solvents (Yasurin et al,,
2016). Season differences when harvesting
Centella asiatica determines the yield of its
bioactive compounds. In summer (most sun
exposure), the plant produces the highest
terpenoids, flavonoids, and chlorogenic acid
(Algahtani et al., 2015).

The pharmacological activity of Curcuma
species is related to the presence of curcumin
compounds as bioactive compounds. As one
species of Curcuma, turmeric (Curcuma longa) is
reported to have the highest curcumin content than
other Curcuma species (Hunter, 2018). Therefore
turmeric is very potential to be developed as a drug
to overcome various diseases, including
hypertension.

Evaluation of Systolic Blood Pressure

This study showed a significant difference in
the induced group's systolic blood pressure on day
28 (p <0.05) compared to the control group. High
fat and fructose diet (HFHF) for 28 days doubled
the systolic blood pressure compared to the
negative control group (Figure 1).
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Systolic blood pressure
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Figure 1. The systolic blood pressure on day 0, 14, 28 after treatment compared to baseline; comb 50 (CA-
CL-combined dose of 50 mg/kg), comb 100 (CA-CL-combined dose of 100 mg/kg); CA (extract of Centella
asiatica), CL (extract of Curcuma longa).

a There was a significant difference compared to the control group (p<0.05); % There was a significant
difference compared to the induced group (p<0.05)

Table 1. The percentage increased in body weight, heart rate, angle of QRS-T, as well as a serum level of
nitric oxide on day 28 after treatment.

Treatment group Bodyweight (%) Heartrate (beat/min) QRS-T (°) Nitric oxide level (uM)

Control 14+4.1 371+2.5 87+2.9 153+5*
Induced 27+4.0 656+2.1 120+1.0 2+1
Captopril 18+4.4* 450+2.1* 115+1.3* 34+1*
Comb 50 17+4.1* 450+1.0* 110+1.5* 64+1*
Comb 100 16+4.4* 447+1.7* 103£2.0*« 109+1*

a=There was a significant difference compared to the control group (p<0.05); %= There was a significant difference
compared to the induced group (p<0.05); comb 50 (CA-CL-combined dose of 50 mg/kg), comb 100 (CA-CL-combined

dose of 100 mg/kg); CA (extract of Centella asiatica), CL (extract of Curcuma longa)

It has been reported that a high fat and
fructose diet for an extended time causes metabolic
disorders characterized by hypertension and
cardiovascular remodeling. The HFHF diet
stimulates sympathetic nerve activity, raising
blood pressure (Hwang et al, 1987).
Cardiovascular remodeling due to the fructose diet
is characterized by increased systolic blood
pressure, endothelial dysfunction, increased
arterial stiffness and left ventricular cardiac
repolarization (Panchal et al., 2011).

The current study demonstrated that a 28-
day HFHF diet increased body weight by more than
20%, indicating obesity (Table 1). It is thought that
prolonged fructose diet-induced leptin resistance
is a cause of obesity. Thus, consuming a high-fat
diet while developing leptin resistance accelerates
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the onset of obesity (Shapiro et al, 2008). In
contrast, the group that received a combination of
CA and CL for 14 days showed a bodyweight
reduction compared to the control group
(Table I).

The present study showed a positive
correlation between obesity and arterial stiffness
(Figure 3). These results were in line with a
previous study that obesity increases the risk of
cardiovascular disease by affecting heart
and blood vessel function. In obesity, metabolic
requirements increase, leading to an increase in
total blood volume and cardiac output. The
heart's workload is more significant in obese
subjects. Also, obesity raises the risk of vascular
damage, including endothelial dysfunction,
leading to decreased nitric oxide production (NO).
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Figure 2. The diastolic blood pressure on day 0, 14, 28 after treatment compared to baseline; comb 50 (CA-
CL-combined dose of 50 mg/kg), comb 100 (CA-CL-combined dose of 100 mg/kg); CA (extract of Centella

asiatica), CL (extract of Curcuma longa)

a There was a significant difference compared to the control group (p<0.05); % There was a significant

difference compared to the induced group (p<0.05)
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Figure 3. The pulse wave velocity (PWV) on day 0, 14, 28 after treatment compared to baseline; comb 50
(CA-CL-combined dose of 50 mg/kg), comb 100 (CA-CL-combined dose of 100 mg/kg); CA (extract of

Centella asiatica), CL (extract of Curcuma longa)

a There was a significant difference compared to the control group (p<0.05); % There was a significant
difference compared to the induced group (p<0.05); B There was a significant difference compared to the

captopril group (p<0.05)

Furthermore, it causes vasoconstriction and
increased peripheral resistance resulting in
hypertension. As a result, weight loss initiatives
reduce the risk of cardiovascular events (Poirier et
al.,, 2006). The CA and CL can reduce systolic blood
pressure, which was statistically significant
compared to the induced group (p<0.05). The
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group that received a combination of CA and CL
showed decreased blood pressure accompanied by
reduced body weight (Table I). This finding
demonstrates that weight loss affects blood
pressure reduction.

Asiaticoside acid, the primary constituent of
Centella asiatica, exhibits antiobesity effects and
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acts similarly to orlistat in weight loss, insulin
resistance, and gamma-PPAR receptor regulation.
The antiobesity effects are mediated by modulating
the activity of the PPAR-gamma receptor and its
target genes, which are involved in lipid
metabolism regulation (Uddandrao et al., 2019).
Curcuminoid, the primary substance in Curcuma
longa, has also been shown to decrease leptin levels
in the blood, suggesting that it may work as an
appetite suppressant (Atkin et al., 2017).

Evaluation of Diastolic Blood Pressure

Diastolic blood pressure refers to the
pressure in the arteries when the heart muscle
relaxes(Atkin et al, 2017). It presented data of
diastolic blood pressure during the treatment in
Figure 2. The present study showed that the HFHF
diet increased diastolic blood pressure more than
twice that of the control group.

It was established that a high fructose diet
increases diastolic blood pressure through the
heart's left ventricular remodeling process.. The
fructose diet is associated with renal and systemic
hemodynamic abnormalities. It may cause aortic
stiffness due to decreased NO levels in the kidneys
and fluid retention in the renal tubules (Komnenov
etal., 2018).

On the 28th day, the group receiving a
combination of CA and CL showed a decrease in
diastolic blood pressure that was statistically
significant (p<0.05) compared to the induced
group. Its effect was comparable to captopril as a
reference drug (Figure 2).

Evaluation of pulse wave velocity (PWV)

The present study showed, the group that
received the HFHF diet for 28 days showed a two-
fold increase in arterial stiffness (PWV) compared
to the control group. On day 28, however, the group
receiving a combination of CA and CL reduced
arterial stiffness significantly more than the
induced group (Figure 3). The authors discovered a
strong link between increased systolic and diastolic
blood pressure and increased arterial stiffness.

The fructose diet stimulated the RAAS
system (renin-angiotensin-aldosterone system),
resulting in arterial stiffness due to reduced nitric
oxide bioavailability. Thus, treatments that block
RAAS, such as ACE inhibitors, have shown higher
efficacy when compared to other antihypertensive
medication groups (Jia et al., 2018).

Figure 3 demonstrated the improvement in
arterial flexibility during the 28-day treatment.
Groups that received a combination of CL and CA
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dose of 50 mg/kg showed a decrease in arterial
stiffness comparable to captopril.

The arterial stiffness assessment is a
valuable technique for managing hypertension,
particularly resistant hypertension, risk
stratification of cardiovascular complications. The
primary strategies for managing arterial stiffness in
patients at high cardiovascular risk are to address
modifiable risk factors, such as obesity and
hypertension (Wu et al,, 2015).

The current study reinforces the
antihypertensive properties of Centella asiatica and
Curcuma longa. It enhances endothelial function by
increasing the bioavailability of nitric oxide and
improving arterial flexibility. The present study
demonstrates that the combination of Centella
asiatica and Curcuma longa has a synergistic
antihypertensive impact and may help prevent
cardiovascular disease through vascular repair.
The results on this study corroborate previous
reports of antihypertensive and anti-arterial
stiffness in the combination of Centella asiatica and
Curcuma lIonga in fresh juice preparations
(Hasimun, et al., 2019). The pharmacological effects
of ethanol extract from Centella asiatica and
Curcuma longa are greater than those of water
extracts. It is related to the content of flavonoids as
bioactive compounds (Barbosa & Minguillan, 2021;
Quyen et al., 2020)

Evaluation of NO Levels in Blood

Nitric oxide (NO) is a molecule required to
transfer electrical signals within cells. Nitric oxide
is primarily synthesized in the endothelium of
blood vessels, where it is formed by the enzyme
eNOS metabolizing L-arginine (endothelial nitric
oxide synthetase). Then, the generated NO
stimulates guanylyl cyclase, resulting in the
formation of 3, 5-cyclic guanosine monophosphate
(cGMP). It causes vasodilation of the vascular
smooth muscle, inhibits platelet aggregation, and
has anti-inflammatory, anti-proliferative, and anti-
migratory actions on leukocytes, endothelial cells,
and vascular smooth muscle cells. As a result, it
protects against atherosclerosis (Hermann et al,
2006). It is well established that arterial stiffness is
caused by a decline in endothelial function,
decreasing nitric oxide levels. Numerous studies
indicate that reductions in blood pressure are
associated with enhanced nitric oxide generation
via improved endothelial function (Nicoll & Henein,
2018).
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The present study established that the HFHF
diet resulted in metabolic disorders. It is defined by
elevated systolic and diastolic blood pressures and
arterial stiffness caused by endothelial dysfunction,
as indicated by decreased NO serum levels. The
group that received a combination of CA and CL
showed an increase in NO serum levels. The
combination of CA and CL works synergistically in
increasing serum NO levels (Table 1). The group
that received its combination dose of 100 mg/kg
showed a high vasodilation effect due to the highest
nitric oxide serum level.

Captopril has been shown to protect against
cardiovascular disease by increasing the
bioavailability of NO. Captopril enhances Nitric
Oxide's bioavailability by inhibiting the
Angiotensin-Converting Enzyme (Pechanova et al,,
2006). Curcumin is believed to improve vascular
function through its effect on NO bioavailability.
Curcumin treatment was found to significantly
improve endothelial function and arterial flexibility
in diabetic patients and obesity. A recent study has
revealed curcumin's benefits for vascular health,
particularly in patients with cardiovascular risk
factors (Campbell & Fleenor, 2017).

Evaluation heart rate and QRS-T angle related
to hypertension

The present study showed that the induced
group experienced increased heart rate and
increased systolic and diastolic blood pressure. The
combination of CA and CL extracts resulted in a
decrease in systolic and diastolic blood pressure, as
well as in heart rate and QRS-T angle (Table 1).
There is strong evidence that the autonomic
nervous system is critical in blood pressure
regulation (Mancia et al, 2013). Blood pressure
elevation is strongly associated with heart rate
(Palatini & Julius, 2004). Chronic essential
hypertension appears to be related to cardiac
autonomic control dysfunction(Mussalo et al,
2001). Additionally, it has been reported that
hypertension causes a widening of the QRS-T angle,
raising the risk of cardiovascular events.

CONCLUSION

The 28-day diet causes obesity and
endothelial dysfunction as risk factors for
cardiovascular disease. Combining Centella asiatica
with Curcuma longa extracts results in a synergistic
effect on arterial stiffness. Additional research is
necessary to define the cut-off threshold for

490

initiating combination therapy.
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