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Abstract. Hypertension stimulates the Renin-Angiotensin-Aldosterone 
System (RAAS) to malfunction and activates the synthesis of angiotensin II 
(Ang II). It triggers the generation of oxidative stress, which in turn causes 
endothelial cell dysfunction and death. The active substances of Justicia 
gendarussa (J. gendarussa) leaf reduce free radicals. The study hypothesized 
whether J. gendarussa leaf extract restores cell viability of human vein 
endothelial cells (HUVECs) induced by Ang II. The in vitro model of HUVECs 
used a post-only control group design. HUVECs were cultured with 0.1 μM 
Ang II alone and with Ang II plus the extract of 12.5, 25, and 50 μg/mL J. 
gendarussa, respectively. Cell viability was assayed by Cell Counting Kit 
(CCK)-8 assay. Cell viability percentage at 0-hour observation in the CTL, Ang 
II, 12.5, 25, 50 μg/ml J. gendarussa leaf extract groups was 100±1.17, 
94.91±0.75, 94.76±0.53, 96.02±1.42, 94.47±0.8%, respectively. At 24-hours 
observation was 100±0.78, 59.23±1.91, 74.93±1.17, 95.59±1.99, 81.99±0.59%, 
respectively. At 48-hours observation was 100±0.72, 78.71±0.33, 106.39±0.95, 
129.47±0.25, 107.87±1.08%, respectively. In comparison with the control 
group and J. gendarussa extract administration, we found that cell viability was 
significantly increased at 24 and 48 hours of observation (p< 0.000). We 
concluded that J. gendarussa leaf extract improves endothelial cell viability in 
Ang II-induced HUVECs. 
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1 Background 

According to the World Health Organization (WHO) in 2023, the prevalence of high blood 
pressure increases globally with age, with each individual experiencing a global increase [1]. 
According to 2019 WHO data, approximately 1.13 million people worldwide suffer from 
hypertension, primarily in low- and middle-income countries [1]. This indicates that 1 in 3 
people worldwide suffer from hypertension, and this number will continue to increase to 
approximately 1.5 billion by 2025 [2]. 

Hypertension occurs when factors that regulate blood pressure, such as the Renin-
Angiotensin-Aldosterone system (RAAS), the central nervous system, and the immune 
system, malfunction [3]. Previous research has shown that reactive oxygen species (ROS) 
are involved in damage to blood vessel endothelial cells. The primary source of ROS 
production in blood vessels is NADPH oxidase, whose activity increases in high blood 
pressure conditions due to several stimuli, including shear stress, RAAS, and endothelial 
activity [4]. 

The ROS process is a major problem that can lead to an increased risk of cell apoptosis 
[5]. A decrease in the number of viable cells can occur due to inflammation or disruption in 
the cell's mitochondria. Furthermore, a decreased number of viable cells is a sign of 
endothelial dysfunction [4]. Endothelial dysfunction can be triggered by excess ROS and 
disrupted NO (nitric oxide) regulation, thereby reducing NO bioavailability [5]. ROS results 
from the inability of antioxidants to balance the levels of naturally occurring ROS produced, 
a condition known as oxidative stress [5]. Oxidative stress can occur due to several 
pathological conditions, such as hypertension, and can cause disorders in various organs, 
including the brain, liver, kidneys, and blood vessels [6]. 

Previous research has found that Justicia gendarussa (J. gendarussa) contains 
compounds that act as potent antioxidants. As an antioxidant, J. gendarussa plays a role in 
various activities, including DPPH radical scavenging, NO scavenging, OH scavenging, and 
anti-lipid peroxidation [7]. Research on Wistar mice induced by excessive physical exercise 
demonstrated the antioxidant effect of J. gendarussa, which is capable of reducing F2-
isoprostanes, a marker of oxidative stress [8]. Compounds from J. gendarussa leaf extract 
include saponins, tannins, flavonoids, steroids, terpenoids, phenols, alkaloids, lignans, 
sterols, carbohydrates, and glycosides [8]. 

Physiologically, the HUVECs model closely mimics human vascular endothelial cells, 
facilitating research studies and enabling the investigation of drug effects on the human 
endothelium. Previous research using an Ang II-induced HUVECs model showed that Ang 
II causes eNOS disruption and endothelial dysfunction through the NOX/ROS pathway [9]. 
One study using HUVECs was conducted to investigate the prevention of cell apoptosis in 
atherosclerotic plaques. The results showed that inhibiting the regulation of microRNA-34a 
produced by atherosclerotic plaques protected HUVECs from ox-LDL-induced apoptosis by 
increasing cell viability, decreasing caspase-3 activity, and inhibiting ROS production [10]. 
The success of several studies using HUVECs suggests that this method could be useful in 
developing new therapies and disease prevention strategies, particularly in cardiovascular 
diseases (CVDs) [11]. 

Previous research has examined angiotensin II-induced HUVECs as a model of 
hypertension, and no studies have yet used the plant Justicia gendarussa as an 
antihypertensive agent in a HUVECs model. Therefore, in this study, the primary role of J. 
gendarussa was as an antioxidant against oxidative stress and is expected to maintain cell 
viability. Meanwhile, the role of HUVECs in this study was to determine the mechanism of 
cell viability reduction caused by oxidative stress. The study objectives were in alignment 

with Sustainable Development Goal 3 (SDG 3), which aims to promote good health and well-
being. The study findings provide a new herb-based therapeutic adjuvant for hypertension.  

2 Materials and Methods 

2.1 Research Design, Setting, and Time 

This research is an in vitro laboratory experimental study with a post-only control group 
design. The study began with the extraction of Justicia gendarussa leaves. This was followed 
by culturing Angiotensin II-induced HUVECs, administering the extract to the cell cultures, 
and conducting a viability test using the CCK-8 assay. The study was conducted at the 
Biomedical Laboratory, Faculty of Medicine, Brawijaya University, from July to September 
2024. The study was conducted with ethical approval issued by the KEPK-RSI UNISMA 
under number 03/KEPK/RSI-U/I/2024. 

2.2 Sample Preparation 

HUVECs samples were obtained from donors with inclusion criteria, namely mothers with 
normal pregnancies and deliveries, as well as mothers with term pregnancies. Meanwhile, 
the sample exclusion criteria were mothers with pregnancy complications, mothers with 
terminated pregnancies, mothers who gave birth by caesarean section, mothers with 
postterm/preterm pregnancies, mothers with twin and multigravida pregnancies, and 
pregnant women at risk. Samples were obtained through collaboration with obstetric medical 
personnel and the informed consent of voluntary donors. Then, the umbilicus was cut along 
a 20 cm length to be used as a sample and transported in a 4°C transport medium to the 
Biomedical Laboratory of the Faculty of Medicine, Brawijaya University, for cell culture. 

2.3 Preparation of Umbilicus Preparation and Isolation 

The first step after the umbilical cord was transferred to the laboratory was to clean the 
umbilical tissue and clots. Then, both ends of the umbilicus were cut transversely. Then, one 
end of the vein was attached to a cannula, and the other end was tightly tied. The vein was 
cleaned with PBS through the installed cannula. Then, 8 mL of Collagenase solution was 
injected into the vein and held in place by hand for 8 minutes. The solution containing 
endothelial cells was removed into a centrifuge tube and centrifuged at 1000 rpm for 8 
minutes. The pellet was suspended in 4 ml of culture medium, then 0.2% serum-free gelatin 
was added. The following day, the medium was washed with serum-free water and then 
refilled with 4 ml of culture medium. Every two days, half of the medium was removed and 
replaced with fresh water. Endothelial cells formed a monolayer around the 3rd to 5th day. 

2.4 Cell Culture 

The medium in the flask where the endothelial cells had formed a monolayer was washed 
with serum-free medium. 10 drops of EDTA (0.02%) solution were added through a filter 
into the flask and then leveled. After that, the solution was sucked using a syringe, and 20 
drops of Trypsin EDTA solution were added through the filter. The solution was then levelled 
and placed in an incubator for 8 minutes. Then, observations were made under a microscope. 
When it had floated, media containing PBS was immediately added, with as many as 35-40 
drops being added through the filter. Next, pipetting was carried out using a 5 mL disposable 
pipette, and the pipette was then inserted into a centrifuge tube at a speed of 1000 rpm for 8 
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minutes. The supernatant was discarded, and then 6 mL of culture media (for one centrifuge 
tube) was added through the filter. Pipetting was carried out to separate the cells. After that, 
the liquid was dropped onto a flask that had been coated with 0.2% gelatin and washed with 
serum-free medium. For one centrifuge tube, it was divided into two 25 cm2 flasks. Next, 
each flask was observed under a microscope with a magnification of 2 x 105. The flask was 
then stored in an incubator. The HUVECs culture was established after 80% confluence on 
the 5th day, followed by the addition of 0.1 μM Angiotensin II and incubation for 24 hours. 
Subsequently, J. gendarussa extract was added to the cell culture. 

2.5 Justicia gendarussa Leaf Extraction 

The dried herb was weighed for extraction with a w/v ratio of 1:5 (1 gram of simplicia with 
5 mL of solvent) and placed in a Soxhlet extraction set, following the procedure for using 
Soxhlet extraction. Methanol solvent was added in a volume according to the ratio above 
(1:5). The temperature was set to 65 °C, and the process was carried out with 8 cycles. Then, 
it was placed in a rotary evaporator with a speed setting of 4.5-5 and left for 24 hours. After 
24 hours, filtration was performed using a Buchner filter and three layers of filter paper. 
Evaporation was carried out until thick. Then, the extract was placed in an oven at 40 °C until 
dry or lyophilised (freeze-dried). The dosage of J. gendarussa extract was adjusted based on 
laboratory investigations. As a benchmark, we prepared Justicia gendarussa extract at doses 
of 12.5, 25, and 50 μg/mL. The extract was administered after angiotensin treatment at a dose 
of 0.1 μM. 

2.6 Data Analysis 

All cell cultures were observed under a light microscope with 200x magnification. The data 
is shown as the mean ± SD of four duplicate samples. The data were analyzed using 
independent t-tests and one-way ANOVA. A p-value < 0.05 indicated statistical significance 
between groups. If a significant difference was calculated, the Least Significant Difference 
(LSD) test was employed to see if there was a difference between treatments. All 
computations were carried out using the SPSS for Windows program. 

3 Results  

3.1 J. gendarussa Increases Endothelial Cell Viability 

In this study, the cell viability of four different treatment groups was presented as 
percentages, as shown in Table 1. Compared with the control group, the group given only 
Ang II showed a significant difference at 0, 24, and 48 hours (p < 0.001). A significant 
decrease in cell viability was observed at 40.77% after 24 hours of Ang II induction. 

In a different treatment group, J. gendarussa leaf extract was administered at three 
different doses (12.5, 25, and 50 μg/ml). The Ang II induction was to determine the effect of 
J. gendarussa leaf extract in protecting HUVECs against cell damage. All three doses of J. 
gendarussa leaf extract provided no significant increase in cell viability at 0 hours. At the 
24th hour of observation, there was a substantial increase in cell viability following the 
addition of Ang II, with the addition of J. gendarussa leaf extract, consecutively increasing 
from 59.23% to 74.93%, 95.59%, and 81.99%, at the 48th hour of observation. There was a 
significant increase in cell viability following the administration of each extract, from 
78.71% to 106.39%, 129.47%, and 107.87%. There was a significant difference in cell 

viability between the group given the extract and the group given only Ang II at the 24th and 
48th hours of observation (p < 0.001). 

3.2 Cell Morphology 

The morphology of HUVECs cells in this study was obtained through observations using an 
inverted microscope, as seen in Figures 1 to 3. The morphology of the control group appeared 
denser with a cobblestone-like shape compared to the group given Ang II. HUVECs cells 
appeared to have attached to the media (no longer floating) and were spindle-shaped with 
fairly distinct boundaries. Furthermore, the cell density in the group given J. gendarussa leaf 
extract appeared denser and had clearer boundaries compared to the Angiotensin II group. 
 
 

 
 
Fig. 1. Cell morphology at 0-hour observation. (A) Control group, (B) Ang II group, (C) Ang II 
treatment group and J.gendarussa root extract at a dose of 12.5 μg/ml, (D) Ang II treatment group and 
J.gendarussa root extract at a dose of 25 μg/ml, (E) Ang II treatment group and J.gendarussa root 
extract at a dose of 50 μg/ml. The arrows indicate viable endothelial cells that are oval or spindle-
shaped. The scale bar indicates 100 μm. 
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Fig. 2. Cell morphology at 24-hour observation. (A) Control group, (B) Ang II group, (C) Ang II 
treatment group and J.gendarussa root extract at a dose of 12.5 μg/ml, (D) Ang II treatment group and 
J.gendarussa root extract at a dose of 25 μg/ml, (E) Ang II treatment group and J.gendarussa root 
extract at a dose of 50 μg/ml. The arrows indicate the shape of viable endothelial cells, cobblestone 
formation. The scale bar indicates 100 μm. 
 

Table 1. Cell viability of HUVECs induced by Ang II and treated with different concentrations of 
J.gendarussa 

Groups Cell viability (OD%) 
0 hr 24 hr 48 hr 

CTL 100.00±1.17 100.00±0.78 100.00±0.72 
Ang II 94.76±0.53 59.23±1.91* 78.71±0.33* 

J. gendarussa 12.5 94.76±0.53 74.93±1.17### 106.39±0.95### 
J. gendarussa 25 96.02±1.2 95.59±1.99### 129.47±0.25### 
J. gendarussa 50 94.47±0.80 81.99±0.59### 107.87±1.08### 

*p < 0.05 vs. CTL group. 
###p < 0.001 vs. Ang II group 
 
 

 
 
Fig. 3. Cell morphology at 48-hour observation. (A) Control group, (B) Ang II group, (C) Ang II 
treatment group and J.gendarussa root extract at a dose of 12.5 μg/ml, (D) Ang II treatment group and 
J.gendarussa root extract at a dose of 25 μg/ml, (E) Ang II treatment group and J.gendarussa root 
extract at a dose of 50 μg/ml. The arrows indicate the shape of viable endothelial cells, cobblestone 
formation. The scale bar indicates 100 μm. 
 

4 Discussion  

The findings of this study suggest that Ang II induction leads to endothelial cell death. 
Administration of J. gendarussa increases the viability of HUVECs cells due to Ang II 
induction. Three doses of J. gendarussa extract: 12.5, 25, and 50 μg/ml, improved endothelial 
cell viability in HUVECs. 

Human Umbilical Vein Endothelial Cells (HUVECs) are one of the most widely used in 
vitro models for endothelial cells (ECs) [12]. The HUVEC model is a suitable model for 
studying vascular endothelial properties and biological pathways related to endothelial cell 
function [11]. This model has been widely used and is responsive to physiological and 
pathological stimuli such as high glucose, lipopolysaccharide, and shear stress. Although the 

human umbilical vein is only present at certain stages throughout life, HUVECs have been 
considered a general model for endothelial cells in both normal and diseased conditions [11]. 

The endothelium, the lining of blood vessels, plays a crucial role in coagulation, 
angiogenesis, and inflammation regulation, and acts as a supporting matrix [6]. In this study, 
endothelial cells from HUVECs exhibited characteristics of diseased cells after exposure to 
Angiotensin II. A decrease in the number of viable cells can characterize endothelial 
dysfunction. Furthermore, this decrease in viable cells can occur due to inflammation or 
disruption of the cell's mitochondria. Therefore, HUVECs can assist this study in assessing 
cell viability after exposure to Ang II and after administration of Justicia gendarussa leaf 
extract. 

On the other hand, the endothelium regulates vascular tone and salt sensitivity through 
the production of Nitric Oxide (NO). Disruption of NO production can lead to increased 
blood pressure and the development of hypertension in humans. Angiotensin II plays a role 
in regulating vascular tone and contributing to increased blood pressure. According to 
previous research, Angiotensin II acts on the Angiotensin II type 1 receptor (AT1R) in 
endothelial cells and vascular smooth muscle cells, thereby increasing NADPH oxidase 
(NOX) activity and increasing superoxide (O2-) levels [13]. Furthermore, it binds to the 
Angiotensin II type 2 receptor (AT2R) to form bradykinin, a pro-inflammatory agent that 
causes excessive phosphorylation of nitric oxide synthase (NOS) and increases NO 
production. In this study, Angiotensin II plays a role in triggering hypertension through 
oxidative stress that causes endothelial dysfunction [13]. 

J. gendarussa has long been used as a herbal remedy. J. gendarussa contains saponins, 
tannins, flavonoids, steroids, terpenoids, phenols, alkaloids, lignans, sterols, carbohydrates, 
and glycosides [14]. Several compounds in J. gendarussa leaves can play a role in increasing 
NO levels and reducing free radicals. This refers to research showing that a decoction of 
Centella asiatica, Justicia gendarussa, and Imperata cylindrica can reduce oxidative stress 
by suppressing NADPH oxidase (NOX) activity [15]. Previous studies have also 
demonstrated the effect of J. gendarussa extract in reducing ROS levels under conditions of 
hydrogen peroxide-induced oxidative stress. Therefore, J. gendarussa leaf extract may play 
a role in increasing cell viability by preventing angiotensin II-induced endothelial 
dysfunction. 

In this study, J. gendarussa leaf extract significantly increased cell viability induced by 
angiotensin II at doses of 12.5, 25, and 50 μg/ml at 0, 24, and 48 hours. This indicates that J. 
gendarussa leaf extract plays a role in protecting against angiotensin II-induced endothelial 
cell damage. 

5 Conclusion  
Justicia gendarussa enhances the viability of HUVECs cells through Ang II induction. The 
effect of J. gendarussa in reducing and preventing oxidative stress conditions can be 
considered as an adjuvant for the treatment of cardiovascular diseases related to oxidative 
stress and endothelial dysfunction. 
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Fig. 2. Cell morphology at 24-hour observation. (A) Control group, (B) Ang II group, (C) Ang II 
treatment group and J.gendarussa root extract at a dose of 12.5 μg/ml, (D) Ang II treatment group and 
J.gendarussa root extract at a dose of 25 μg/ml, (E) Ang II treatment group and J.gendarussa root 
extract at a dose of 50 μg/ml. The arrows indicate the shape of viable endothelial cells, cobblestone 
formation. The scale bar indicates 100 μm. 
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treatment group and J.gendarussa root extract at a dose of 12.5 μg/ml, (D) Ang II treatment group and 
J.gendarussa root extract at a dose of 25 μg/ml, (E) Ang II treatment group and J.gendarussa root 
extract at a dose of 50 μg/ml. The arrows indicate the shape of viable endothelial cells, cobblestone 
formation. The scale bar indicates 100 μm. 
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production. In this study, Angiotensin II plays a role in triggering hypertension through 
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demonstrated the effect of J. gendarussa extract in reducing ROS levels under conditions of 
hydrogen peroxide-induced oxidative stress. Therefore, J. gendarussa leaf extract may play 
a role in increasing cell viability by preventing angiotensin II-induced endothelial 
dysfunction. 

In this study, J. gendarussa leaf extract significantly increased cell viability induced by 
angiotensin II at doses of 12.5, 25, and 50 μg/ml at 0, 24, and 48 hours. This indicates that J. 
gendarussa leaf extract plays a role in protecting against angiotensin II-induced endothelial 
cell damage. 

5 Conclusion  
Justicia gendarussa enhances the viability of HUVECs cells through Ang II induction. The 
effect of J. gendarussa in reducing and preventing oxidative stress conditions can be 
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