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ABSTRACT
Arterial stiffness and QRS-T angle (the spatial angle between the vectors of the T-wave and QRS loops on typical  
electrocardiogram) are essential biomarkers for estimating the risk of cardiovascular events in hypertensive patients. 
Turmeric or Curcuma longa L., which belongs to the Zingiberaceae family, is reported to have antihypertensive 
activity. However, its effect on these biomarkers is unknown. This research investigates the antihypertensive effect 
of turmeric extract on arterial stiffness and frontal plane QRS-T angle in hypertensive animal models. High blood 
pressure was induced by a high-fat and high-fructose (HFHF) diet for 28 days in male Wistar rats. A daily dose of 
turmeric extract (50, 100, and 200 mg/kg) or captopril was administered to hypertensive animals for 14 days. Blood 
pressure, arterial stiffness, heart rate (HR), QRS-T angle, and nitric oxide (NO) levels were evaluated. An HFHF diet 
triggers a decrease in NO serum levels resulting in significantly increased arterial stiffness, which correlates with 
increased systolic blood pressure and diastolic blood pressure due to ventricular dysfunction supported by the wide 
QRS-T angle, and also increased HR. Turmeric extract significantly enhances the bioavailability of NO vasodilators, 
effectively reversing all the hypertensive-induced changes studied. This extract is helpful as a vasodilator that lowers 
blood pressure by repairing arterial stiffness and preventing ventricular dysfunction of the heart.

INTRODUCTION
Increased aortic stiffness has emerged as a significant 

risk factor for target organ damage and cardiovascular disease 
events over the last decade. Aortic stiffness can be measured 
using pulse wave velocity (PWV), which is influenced by wall 
stiffness and the flow–diameter interaction. Stiffness has been 
shown in recent studies to predate and lead to the pathogenesis of 
hypertension (Mitchell, 2014). The left ventricle is filled by aortic 
stiffening, which increases early and late systolic load. These 
changes can cause ventricular remodeling and impair systolic and 
diastolic function. Moreover, the QRS and T-wave angles expand 
due to an imbalance in electrical activation and recovery (Selvaraj 
et al., 2014). Therefore, arterial stiffness and the QRS-T angle are 
essential biomarkers for cardiovascular risk prediction.

Recently reported, clinical noninvasive methods are 
beneficial in assessing cardiovascular diseases because they are 
easy to use and accurate in measuring the risks of the conditions. 
These methods were considered helpful to clinicians in providing 
therapy to patients without performing surgical procedures (Sun, 
2015). Therefore, their practical application is encouraged, 
especially in revealing the effect and mechanism of drug action 
that can affect arterial stiffness (Stephane et al., 2012) and 
QRS-T angle (Oehler et al., 2014). Also, arterial stiffness and the 
QRS-T angle are essential biomarkers for assessing the success of 
antihypertensive drug therapy (Niiranen et al., 2016).

Animal models have been developed to study the 
effects of drugs that can affect cardiovascular diseases, including 
hypertension. Moreover, Sharma et al. (2007) showed that 
feeding animals could establish animal models of hypertension 
with an high-fat and high-fructose (HFHF) diet. According to 
Komnenov et al. (2019), an HFHF diet induces arterial stiffness. 
Physiologically, arterial stiffness continues to rise with ageing. In 
previous research, we developed a noninvasive method to measure 
arterial stiffness using the PWV method in mice aged 1 month and 
aged 3 months. There is a significant increase in arterial stiffness 
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with ageing (Zakaria and Hasimun, 2017). Also, this method was 
designed to measure the frontal plane QRS-T axis angle (Zakaria 
and Hasimun, 2019).

Turmeric or Curcuma longa L. (Zingiberaceae) has been 
widely studied and reported to affect cardiovascular function, 
including hypertension. The preclinical and clinical studies showed 
its antihypertensive effect when used as a single extract (Akinyemi 
et al., 2016) and in combination with other herbs, including garlic 
(Sukandar et al., 2010). However, its effect on arterial stiffness 
and frontal plane QRS-T angle biomarkers has not been reported. 
Therefore, this study aimed to determine the impact of turmeric 
as an antihypertensive agent and its effect on arterial stiffness and 
QRS-T angle in animal models of hypertension induced by HFHF 
diet.

MATERIALS AND METHODS

Turmeric collection and botanical authentication
Turmeric was obtained from the Manoko, Lembang 

Plantation, Bandung, West Java, Indonesia, and the species was 
certified under the number 5948/I1.CO2.2/PL/2018 at the School 
of Biological Science and Technology Laboratory, Bandung 
Institute of Technology.

Sources of chemicals and drugs
Dimethyl sulfoxide, 70% ethanol, aqua pro injection, 

ZnSO4 6%, CaCl 6%, acetic acid 1 N, sulfanilic acid, N-(1-
naphthyl ethyl diamine dihydroxide), and sodium nitric were 
provided by the department of integrated laboratory, Bhakti 
Kencana University. Captopril, as a reference drug, is a generic 
drug purchased from a local pharmacy.

Preparation and extraction of turmeric
The turmeric rhizome was cleaned to remove soil, 

foreign particles, and other plant parts before being washed under 
running water. The rhizome was then cut into small pieces and 
dried at a specific temperature in a 45°C oven. Dried samples were 
mashed and placed in an airtight jar.

Turmeric powder was extracted for 72 hours using 70%  
ethanol (1:10 b/v) by maceration. The supernatant was filtered 
and evaporated at a temperature of 50°C using a rotary vacuum 
evaporator. Each processed a total of 300 g of turmeric rhizome 
powder; then 30 g of the extract was obtained. Hence, the yield 
was 10% of the total.

HFHF diet preparation
1,000 g of regular chow and 400 g of fat were combined 

to make a 40% fat feed. The fat contained 155 g of butter, 90 g of 
eggs (1 duck egg and four quail eggs), and 155 g of beef fat. High 
fructose was prepared by dissolving 25 g of fructose in 100 ml of 
distilled water as drinking water.

Animal handling and care
Male Wistar rats, 2 months old, were obtained from the 

D-Wistar Laboratory in Bandung, Indonesia, for this research. The 
animals were housed in cages with normal conditions, such as a 
25°C room temperature and relative humidity, a 12-hour light–
dark period, and free access to standard food and drinking water 

for 7 days. This research protocol followed ethical requirements 
and was approved by the Ethics and Research Committee, Faculty 
of Medicine, Padjadjaran University, based on letter number 640/
UN6-KEP/EC/2019.

Experimental design
Male Wistar rats were randomly divided into six groups 

(six rats per group) as follows: groups 1 and 2, no treatment; 
group 3, treated with a daily oral dose of 2.5 mg/kg captopril; and 
groups 4–6, treated with a daily dose of 50, 100, and 200 mg/kg of 
turmeric extract, respectively. All groups received an HFHF diet 
for 28 days, except group 1. On day 28, blood pressure, heart rate 
(HR), PWV, frontal QRS-T angle, and serum levels of nitric oxide 
(NO) were then measured.

Blood pressure measurement
The systolic and diastolic blood pressure systolic blood 

pressure (SBP) and diastolic blood pressure (DBP) of conscious 
rats were assessed using the CODA® Mouse and Rat Tail-Cuff 
Blood Pressure System (KENT Scientific Co., Torrington, CT) to 
determine the antihypertensive effect of turmeric. Each rat’s blood 
pressure was measured three times in a row, and the mean value 
was determined. In Wistar rats, the average SBP and DBP ranges 
are 103 ± 1.1 mmHg and 70 ± 1.5 mmHg, respectively.

HR measurement
An electrocardiogram (ECG) previously developed and 

published was used to measure the HR frequency (Hasimun et 
al., 2019). The ECG pattern was analyzed to obtain the distance 
between the R-R intervals. A short R-R interval suggested a rise 
in the HR.

Arterial stiffness assessment
According to previous studies, calculating the PWV was 

used to assess arterial stiffness (Zakaria and Hasimun, 2017). It 
was conducted using an ECG and a photoplethysmogram (PPG) 
sensor. A high index of PWV suggests higher arterial stiffness, 
which contributes to an increase in the inflexibility of the arterial 
walls. This higher stiffness happens because the energy from each 
blood pressure pulse is not stored in the flexible walls of the vessel.

Frontal QRS-T angle measurement
The frontal plane QRS-T axis angle measurements were 

carried out noninvasively using the previous method (Zakaria and 
Hasimun, 2019). A wide QRS-T angle enhances the likelihood 
of cardiovascular events. The technique was designed to obtain 
frontal ECG, lead by combining a PPG sensor with a four-channel 
ECG. From those leads, the frontal QRS-T angle was calculated. 
The rats were placed in an airtight chamber and given CO2 gas for 
1–2 minutes. Unconscious rats were then ready for ECG recording. 
The electrodes were mounted on the limbs, and ECG was recorded 
in about 10 seconds. The QRS-T angle was determined according 
to the method described in the previous study.

NO serum level measurement
On day 28, serum was obtained to determine the impact 

of treatment on NO levels. The Griess method was used to 
calculate the NO level in serum (Garmana et al., 2018). Increased 
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NO concentrations suggest a vasodilator effect, which results in a 
decrease in pressure.

Blood samples from rats were obtained and centrifuged 
for 15 minutes at 2,500 g. Deproteinization was carried out by 
adding 1/20th of a volume of 300 g/l zinc sulfate to serum samples, 
resulting in a final concentration of 15 g/l. Deproteinization is 
needed to avoid interference in spectrophotometer readings. 
NO was measured in serum that had been deproteinized by 
centrifugation at room temperature using the Griess assay.

Data analysis
The collected data were statistically analyzed using 

Statistical Package for the Social Sciences version 18 software. 
In summary, the difference in treatment groups revealed that the 
effects of the test drugs differed significantly from those of the 
control group (p < 0.05). 

RESULTS
In this study, the administration of an HFHF diet was 

associated with a significant rise in SBP and DBP compared with 
the normal control group (Fig. 1). Also, the induction group had 
the lowest levels of NO. On the contrary, the extract-receiving 
group had higher NO levels than the induction group (p < 0.05).

At doses of 50, 100, and 200 mg/kg, the group receiving 
the turmeric extract showed a substantial decrease in SBP and DBP 
than the positive control group (p < 0.05). The reduction was similar 
to that seen in the captopril group. Extracts of 50, 100, and 200 mg/
kg reduced SBP by 37%, 38%, and 39%, respectively. Meanwhile, 
DBP had 50 percent, 50 percent, and 51 percent, respectively. 

An HFHF diet increases arterial stiffness (high PWV 
index) significantly (p < 0.05) in all groups except the normal 
control group (Fig. 1). Meanwhile, the group receiving the 

turmeric extract showed a significant reduction in arterial stiffness 
compared to the control group (p < 0.05). Furthermore, on day 
28, the extract group’s frontal QRS-T angle assessment results 
were substantially different from those in the positive control 
group (Fig. 1). The results were comparable to those seen in the 
captopril group. The turmeric extract was responsible for reducing 
hemodynamic parameters, including PWV, frontal QRS-T angle, 
and HR. Interestingly, it is associated with higher levels of serum 
NO.

DISCUSSION
The following are the main findings of our research: (1) 

in Wistar rats, an HFHF diet caused hypertension, as shown by high 
SBP and DBP. (2) Cardiovascular function was compromised by 
the HFHF diet, which was linked to arterial stiffness and widening 
of the frontal QRS-T angle of the heart. (3) A prolonged diet 
decreases vasodilation and exacerbates hypertension by reducing 
NO levels. (4) The turmeric extract lowered blood pressure by 
increasing arterial compliance, reducing the wide frontal QRS-T 
angle, and maintaining NO vasodilation.

It has been proven that an HFHF diet in rats causes 
hypertension associated with NO deficiency. This study analyzed 
the effects of turmeric extract on hypertension related to chronic 
insufficiency NO. As presented in Figure 1, we observed a 
significant increase in SBP and DBP after administering an HFHF 
diet for 28 days. However, turmeric extract supplementation and 
treatment with positive control drugs (captopril) led to a significant 
decrease in SBP and DBP in hypertensive rats (Fig. 1). This result 
agrees with previously described studies where an HFHF diet is 
an efficient animal model and clearly describes the components of 
metabolic syndrome, including significant hypertension, obesity, 
insulin resistance, dyslipidemia, and hyperuricemia (Zhang et al., 

Figure 1. Arterial stiffness and spatial QRS-T angle are important biomarkers for estimating the risk of cardiovascular events in hypertensive patients. Turmeric extract 
at doses of 50, 100, and 200 mg/kg affected hemodynamic significantly on day 28 of treatment, by decreasing blood pressure,  (HR), arterial stiffness, and spatial QRS-T 
angle, while also increasing NO serum levels. Therefore, this extract is beneficial for controlling blood pressure and preventing cardiovascular events, as it reduces 
arterial stiffness and heart remodeling. SBP =: systolic blood pressure; DBP =: diastolic blood pressure; PWV =: pulse wave velocity; *p < 0.05 compared with the 
positive control group.
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2015). This diet induces hypertension by lowering the expression 
and function of the calcium channel, which plays a vital role in 
regulating arterial resistance, thus controlling blood pressure 
(Gradel et al., 2018).

Moreover, high-fat diets cause increases in mean arterial 
pressure (MAP), HR, and visceral lipid deposits, whereas fructose 
diets cause lipid accumulation in the liver and kidneys (de Castro 
et al., 2013). In a hypertensive state, an HFHF diet causes left 
ventricular hypertrophy (Sharma et al., 2007), which is positively 
associated with the widening frontal QRS-T angle (Cortez et al., 
2017). 

Administration of an HFHF diet increased arterial 
stiffness in hypertensive rats (Fig. 1). However, treatment with 
turmeric extract lowers arterial stiffness, supported by a significant 
decrease in PWV values. These results are in line with previous 
studies describing that the increase in arterial stiffness occurs 
due to increased oxidative stress, which plays a significant role 
in developing endothelial dysfunction (Kaprinay et al., 2017). In 
turn, this diet activates the renin–angiotensin–aldosterone systems 
and the sympathetic nervous system in the kidneys, which has been 
reported to cause a rise in blood pressure (Komnenov et al., 2019). 
Therefore, arterial stiffness assessment is an important biomarker 
factor for predicting cardiovascular risk in hypertensive patients 
(Laurent et al., 2012). Besides, arterial stiffness is also a predictor 
of the efficacy of hypertension management (Wang et al., 2008).

Also, turmeric extract reduced the MAP by over 40% 
compared to the control group. Therefore, this extract has been 
shown to enhance blood perfusion associated with reduced blood 
pressure and arterial stiffness. It can be explained that MAP, which 
refers to the continuous state of blood pressure, significantly 
affects cardiac output and peripheral resistance. It represents the 
cardiovascular system's physiological state that adequate arterial 
pressure regulates blood perfusion to all vital organs. Therefore, 
the increase in MAP is closely related to arterial stiffness (Tanaka 
et al., 2016).

An HFHF diet widened the QRS-T angle in hypertensive 
rats (Fig. 1). However, treatment with turmeric extract reduced 
a wide QRS-T angle. The frontal plane QRS-T angle, defined 
as the spatial angle between ventricular depolarization and 
repolarization, is another useful cardiovascular biomarker. The 
QRS-T angle could predict the risk of developing heart failure 
in hypertension patients (Raposeiras-Roubín et al., 2014), the 
incidence of coronary heart disease (Rautaharju et al., 2006), or 
even the potential risk of heart failure in men and women who 
were considered to be cardiovascular risk-free (Rautaharju et al., 
2007).

Arterial stiffness and the QRS-T angle are closely linked 
to the concentration of NO. Furthermore, NO is an endothelial 
antiatherogenic molecule that plays a role in regulating vascular 
tone. In turn, their plasma concentration correlates to endothelial 
function, while a reduction indicates endothelial dysfunction 
(Wilkinson et al., 2004). The decrease in NO bioavailability 
is accompanied by increased blood pressure, contributing to 
increased arterial stiffness (Hermann et al., 2006). Therefore, any 
class of drugs that could increase the amount of NO may reduce 
arterial stiffness, leading to reduced blood pressure (Van Bortel 
et al., 2001). In hypertensive rats, turmeric extract supplementation 

increased serum NO levels, accompanied by decreased SBP and 
DBP, arterial stiffness, and the QRS-T angle (Fig. 1). These results 
are in line with previous research that curcumin as a turmeric 
bioactive compound increases NO levels by activating the 
expression of endothelial nitric oxide synthase (eNOS), thereby 
reducing arterial stiffness (Nakmareong et al., 2012). 

Furthermore, this research discovered that high blood 
pressure is associated with a rise in HR. Turmeric extract 
substantially decreased the HR of the animal models (Fig. 1). This 
outcome supports curcumin research, in which the doxorubicin-
induced animal model has a cardioprotective effect (Jafarinezhad 
et al., 2019). According to previous research, increased HR 
is accompanied by increased blood pressure and the onset of 
hypertension. Therefore, this suggests that HR is linked to an 
increased risk of cardiovascular morbidity and mortality (Barison 
et al., 2011).

The overall result of this study revealed that the 
antihypertensive effect of the turmeric extract had been shown 
to affect the cardiovascular biomarkers, such as arterial stiffness 
and the QRS-T angle, linked to an increase in NO levels. Further 
research remains to be carried out to determine its effect on both 
inducible and endothelial of nitric oxide synthase (iNOS and 
eNOS) expression. Also, the antihypertensive effect of turmeric 
extract has an impact on a decreased HR.

CONCLUSION
In conclusion, the treatment of hypertensive animals 

with turmeric extract resulted in remarkable improvement in all of 
the hypertension-induced abnormalities studied, possibly due to 
reduced arterial stiffness, frontal QRS-T angle shift, and increased 
NO levels. These findings indicate that turmeric has an essential 
role in modulating vascular tone. Since this work is carried out 
by generating NO as a vasodilator, it reduces arterial stiffness and 
improves endothelial function.
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