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Abstract. Angiotensin II (Ang II) stimulates oxidative stress in endothelial 
cells, leading to cell dysfunction. The active substances of Imperata 
cylindrica roots (IC) extract inhibit oxidative stress. This study aimed to 
evaluate whether IC extract treatment increases Ang II-induced endothelial 
cell viability (ECV). The in vitro model on human umbilical vein endothelial 
cells culture (HUVECs) treated with 0.1 µM Ang II. There were five groups: 
control (CTL), Ang II, and three groups each given Ang II and 5, 10, and 15 
μg/ml IC extract, respectively. Cell Counting Kit-8 (CCK-8) was used to 
assess ECV at 0, 24, and 48 hours, respectively. The data were analysed 
using one-way ANOVA. A p-value less than 0.05 was considered 
significant. ECV percentage at 24-hour observation in the CTL, Ang II, 5, 
10, 15 μg/ml IC extract groups was 100±1.17; 94.91±0.75; 96.16±0.76; 
95.87±1.75, and 95.65±0.97%, respectively. At 24-hour observation was 
100±0.89; 78.71±0.38; 98.84±0.99; 111.99±0.99, and 101.77±1.76%, 
respectively. Further, at 48-hour observation was 100±0.83; 59.23±2.21; 
107.83±3.94; 129.39±0.62, and 136.51±2.99%, respectively. Ang II reduces 
ECV compared to the control group at time-dependent observations 
(p<0.000). However, IC extract significantly improved ECV at all doses 
compared to the Ang II group (p < 0.000). IC extract increases Ang II-
induced ECV. 
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1 Introduction   
Vascular endothelial cells form a single layer of flat epithelial cells that line the surface of 
the vascular lumen, playing a vital role in maintaining vascular homeostasis [1]. Because 
endothelial cells are continuously exposed to mechanical, chemical, and biological stress, the 
defense of the endothelial cell plasma membrane is often disrupted and undergoes repair [2]. 
If endothelial cells fail to repair the cell membrane, it will cause endothelial cell death. As a 
result, damage to the function of the blood vessel wall can occur, leading to vasculopathy, 
acute organ injury, and the initiation of atherosclerosis [2]. Conditions such as increased Ang 
II in hypertension can induce the formation of ROS through direct or indirect injury to 
endothelial cells [1]. Excessive ROS production can cause endothelial cell dysfunction 
through increased oxidative stress [3]. 
 Angiotensin II is a peptide endocrine hormone involved in blood pressure regulation [4]. 
However, excessive angiotensin production, as seen in hypertension, can have a negative 
impact on endothelial cells. Increased Ang II production can activate NADPH oxidase 
(NOX), leading to increased ROS production. These oxidant species can oxidise cellular 
biomolecules, including lipids, lipoproteins, and DNA, resulting in endothelial damage [4]. 
Furthermore, increased ROS bioavailability is detrimental to cells because it can suppress 
endothelial nitric oxide (eNO) levels, induce monocyte invasion, increase lipid peroxidation, 
promote a shift in vascular smooth muscle cell (VSMC) phenotype, stimulate endothelial 
dysfunction, trigger inflammation, and alter vascular and vasotone responses [5]. 
 The human body has a defence mechanism to combat free radicals and oxidative stress 
through endogenous antioxidants; however, this is insufficient to counteract excessive 
oxidation in cells [6]. This condition makes exogenous antioxidants in herbal plants 
important in overcoming the dangers of oxidation, one way of scavenging free radicals [7]. 
Phenolic compounds found in I. cylindrica roots, such as flavonoids, oligostilbenoids, and 
phenolic acids, are compounds that exhibit strong antioxidant activity [8]. Meanwhile, herbal 
antihypertensive agents have been used using decoctions of Centella asiatica, Justicia 
gendarussa, and Imperata cylindrica (CJI), with results demonstrating that CJI can inhibit 
ROS formation and play a role in antioxidant production [9]. 
 Based on this description, the roots of the I. cylindrica plant contain active antioxidant 
compounds that are predicted to prevent vascular damage caused by oxidative stress. It is 
unclear whether I. cylindrica roots can prevent vascular damage caused by hypertension. 
Therefore, in vitro research is necessary to elucidate the mechanism. To determine the effect 
of hypertension on endothelial cells, angiotensin II (Ang II) is typically used, as it induces 
hypertension in preclinical models [10]. In addition to closely mimicking blood vessels and 
studying endothelial cell dynamics in vitro, many researchers utilize HUVECs in their 
research [11]. Therefore, it is necessary to conduct in vitro research to determine the effect 
of administering I. cylindrica root extract on HUVECs given Angiotensin II through 
observation of cell viability. The study objectives aligned 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 

3 2.1 Design, Location, and Timeline 

This research was an experimental laboratory study with an in vitro design. The study began 
with the extraction of I. cylindrica roots. This was followed by culturing HUVECs cells 
induced by Angiotensin II, administering the extract to the cell cultures, and conducting cell 

viability tests using the CCK-8 method. The study was conducted at the Biomedical 
Laboratory, Faculty of Medicine, Brawijaya University in August 2024. This study has 
received Ethical Approval Letter No. 03/KEPK/RSI-U/I/2024. 

2.2 Sampling 

Endothelial cell samples for this study were isolated from human umbilical veins. This study 
was approved by the hospital's ethics committee, and umbilical cords were obtained from 
volunteers who provided signed informed consent. Umbilical cords were collected from 
healthy pregnant women who had given birth normally, with a length of 20–25 cm. The 
umbilical cords were then stored in cord collection medium at 4°C and isolated within 8 hours 
of delivery. 

2.3 Imperata cylindrica root extraction  

The extraction procedure follows the Standard Operating Procedure (SOP) for extracting 
compounds from I. cylindrica roots using Soxhlet extraction, as outlined by the Faculty of 
Medicine at UNISMA. The initial stage of I. cylindrica root extraction begins by weighing 
the dried I. cylindrica with a w/v ratio of 1:10 (1 gram of dried powder to 10 ml of solvent) 
and placing it in a Soxhlet extraction set-up. The temperature is then adjusted to 60°C, and 
extraction is carried out for 8 hours. The solution containing the extract is then placed in a 
rotary evaporator set at 4.5–5 rpm. After 24 hours, the solution is filtered using a Buchner 
filter and three layers of filter paper. Evaporation is then carried out until the mixture becomes 
thick. The extract is placed in an oven at 40°C to dryness or lyophilized (freeze-dried). 

2.4 Isolation and Endothelial Cell Culture 

The initial isolation stage involves cleaning the umbilical cord of tissue and clots. The vein 
was cleansed with PBS through a cannula attached to the end of the vein using a 20 ml 
syringe. Once clean, the non-cannulated end of the umbilicus was firmly tied. Then, 8 mL of 
collagenase was instilled into the vein to detach the endothelial cells. The collagenase-
containing endothelial cells were removed by suction using the syringe. The collagenase 
solution was collected in a centrifuge tube and then centrifuged at 1000 rpm for 8 minutes. 
The supernatant was decanted, and the pellet was resuspended with 4 ml of culture medium. 
HUVECs were then grown on 0.2% gelatin-coated culture plates in Endothelial Cell Growth 
Medium (Sigma-Aldrich, Cat. No. 211-500, USA) at 37°C and 5% CO2. The culture medium 
was then changed every three days. 

2.4.1 Sample Groups 

The sample groups consisted of a control group containing HUVECs alone, a group treated 
with 0.1 μM Ang II, and three treatment groups containing 0.1 μM Ang II and I. cylindrica 
root extract at doses of 5 (IC 5), 10 (IC 10), and 15 (IC 15) μg/ml, respectively. 

2.4.2 Cell Viability Observation 

Cell viability was observed at 0, 24, and 48 hours. Observations were made qualitatively 
using an inverted microscope to observe cell morphology and quantitatively using the CCK-
8 assay. Each observation used a different well plate depending on the observation time. The 
cell counting kit-8 (CCK-8, Elabscience Cat. No. E-CK-A361) was used to evaluate the 
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proliferation activity of HUVECs. Endothelial cell suspensions (100 μl/well) were inoculated 
into 96-well plates, and the following day, the cells were induced with 0.1 μM Ang II (Sigma 
Aldrich Cat. No. A9525) for 24 hours. Furthermore, in the treatment groups, the cells were 
treated with I. cylindrica root extract at doses of 5, 10, and 15 μg/ml. To increase data 
accuracy and precision, four replicates were performed for each treatment group. The 10 μl 
of CCK-8 solution was then added to each well of the plate. The plates were incubated at 
37°C with 5% CO2 for 1 to 4 hours. Cell viability was evaluated by measuring cell 
absorbance at 450 nm with a microplate reader, and cell viability was expressed using the 
following formula: cell viability = OD value of treated cells / average OD value of control 
cells × 100%. 

2.4.3 Data Analysis  

Data are presented as the mean ± standard deviation (SD) of four replicate samples. 
Independent t-tests and one-way ANOVA were used to test the data. A p-value <0.05 was 
considered statistically significant between groups. If a significant difference was found, a 
Least Significant Difference (LSD) test was used to determine whether there was a difference 
between treatments. All calculations were performed using SPSS for Windows software. 
 

3 Results And Data Analysis 

3.1 The effect of Ang II and IC on the cell viability of HUVECs 

Cell viability was examined using the CCK-8 assay, and cells were induced with 0.1 μM Ang 
II to confirm the effect of Ang II on HUVECs. The results of the cell viability percentage 
data are shown in Table 1. Compared with the control group, cell viability decreased 
significantly by 78.71±0.38% in cells stimulated with Ang II alone and observed over 24 
hours (p < 0.001). The cell viability was then decreased to 59.23±2.21% after 48 hours of 
observation. Treatment with 5, 10, and 15 μg/ml of IC increased cell viability by 98.84±0.99 
%, 111.99±0.99 %, and 101.77±1.76%, respectively, in cells induced by Ang II after 24 hours 
of observation. After observation for 48 hours, increased cell viability by 107.83±3.94, 
129.39±0.62, and 136.51±2.99%, respectively (p<0.001). It is shown that the cell viability of 
the Ang II group is significantly decreased when compared to the control group at 0, 24, and 
48 hours (p < 0.001). Cell viability was significantly increased in the three different 
concentrations of I. cylindrica root extract compared to the Ang II group at 24 and 48 hours 
(p<0.001). 
 
Table 1. Cell viability of human vein endothelial cells (HUVECs) induced by Ang II and treated with 

different concentrations of IC 

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

CTL 100.00±1.35 100.00±0.89 100.00±0.83 
Ang II 94.91±0.87 78.71±0.38*** 59.23±2.21*** 
IC 5 96.16±0.88 98.84±0.99### 107.83±3.94### 

IC 10 95.87±2.02 111.99±0.99### 129.39±0.62### 
IC 15 95.65±1.12 101.77±1.76### 136.51±2.99### 

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

3.2 HUVECs Cell Morphology  

HUVECs cell morphology images were taken using an inverted microscope at 10x 
magnification. As shown in Figure 1, the endothelial cell morphology at 0 hours was oval or 
spindle-shaped. Meanwhile, in Figures 2 to 4, observations at 24 and 48 hours began to show 
a cobblestone-like arrangement as the cell proliferation time increased. In the Ang II group, 
cell density was lower than in the control group at all observation times. Compared to the 
Ang II group, cell density was higher in the group treated with I. cylindrica root extract. 

4 Discussion 
Endothelial dysfunction is a systemic pathological condition of the endothelium, closely 
associated with cardiovascular diseases, including hypertension, hypercholesterolemia, and 
thrombosis [3]. An imbalance of endothelial-produced relaxation and contraction factors is 
considered the primary cause of endothelial dysfunction, and damage and apoptosis of 
vascular endothelial cells serve as precursors to vascular disease. In this study, Ang II, one 
of the contraction factors produced by the endothelium, was used to induce endothelial 
dysfunction in HUVECs. Previous studies have identified a link between Ang II and 
endothelial dysfunction [12]. Ang II has been reported to be associated with vascular 
oxidative stress and endothelial dysfunction, which can induce various vascular diseases. 
Angiotensin II has also been shown to progressively induce apoptosis in HUVECs. In this 
study, Ang II significantly reduced HUVEC cell viability at all observation time points. 
These results illustrate the role of Ang II in endothelial dysfunction. In this specific 
mechanism, Ang II can promote ROS formation through NOX activation and decreased NO 
production, leading to increased lipid peroxidation and ultimately resulting in endothelial cell 
death [3, 12]. 
 
  

 
Fig. 1. Cell morphology at 0-hour observation. (A) Control group, (B) Ang II group, (C) Ang II 
treatment group and I. cylindrica root extract at a dose of 5 μg/ml, (D) Ang II treatment group and I. 
cylindrica root extract at a dose of 10 μg/ml, (E) Ang II treatment group and I. cylindrica root extract 
at a dose of 15 μg/ml. The arrows indicate viable endothelial cells that are oval or spindle-shaped. The 
scale bar indicates 100 μm. 
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I. cylindrica roots possess potent antioxidant properties in vitro due to their glycosides, 
triterpenoids, flavonoids, and phenolic compounds [7, 8]. Antioxidants play a crucial role in 
scavenging free radicals and disrupting oxidation chain reactions [13]. Imperata cylindrica 
roots also possess antihypertensive activity in the in vivo models [14, 15]. Therefore, this 
study demonstrates the protective role of I. cylindrica roots against Ang II-induced 
endothelial cell damage. In this study, I. cylindrica root extract at doses of 5, 10, and 15 μg/ml 
significantly increased cell viability at 24, 48, and 72 hours, respectively. This demonstrates 
the role of I. cylindrica root extract in protecting endothelial cell damage caused by Ang II. 
 

 
Fig. 2. Endothelial cell morphology at 24 hours. (A) Control group (B), Ang II group (C), Ang II 
treatment group and I. cylindrica root extract at a dose of 5 μg/ml, (D) Ang II treatment group and I. 
cylindrica root extract at a dose of 10 μg/ml, (E) Ang II treatment group and I. cylindrica root extract 
at a dose of 15 μg/ml. The arrows indicate the shape of viable endothelial cells, the cobblestone shape. 
The scale bar indicates 100 μm. 

 
Fig. 3. Cell Morphology at 24 Hours of Observation Description: (A) Control group (B) Ang II group 
(C) Ang II treatment group and I. cylindrica root extract at a dose of 5 μg/ml (D) Ang II treatment group 
and I. cylindrica root extract at a dose of 10 μg/ml (E) Ang II treatment group and I. cylindrica root 
extract at a dose of 15 μg/ml. The scale bar indicates 100 μm. 

5 Conclusion 
Imperata cylindrica root extract improves endothelial cell viability induced by Ang II. The 
ability of I. cylindrica to protect vascular endothelial cells suggests that it should be 
considered as an adjuvant in the treatment of cardiovascular diseases caused by endothelial 
dysfunction. 
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I. cylindrica roots possess potent antioxidant properties in vitro due to their glycosides, 
triterpenoids, flavonoids, and phenolic compounds [7, 8]. Antioxidants play a crucial role in 
scavenging free radicals and disrupting oxidation chain reactions [13]. Imperata cylindrica 
roots also possess antihypertensive activity in the in vivo models [14, 15]. Therefore, this 
study demonstrates the protective role of I. cylindrica roots against Ang II-induced 
endothelial cell damage. In this study, I. cylindrica root extract at doses of 5, 10, and 15 μg/ml 
significantly increased cell viability at 24, 48, and 72 hours, respectively. This demonstrates 
the role of I. cylindrica root extract in protecting endothelial cell damage caused by Ang II. 
 

 
Fig. 2. Endothelial cell morphology at 24 hours. (A) Control group (B), Ang II group (C), Ang II 
treatment group and I. cylindrica root extract at a dose of 5 μg/ml, (D) Ang II treatment group and I. 
cylindrica root extract at a dose of 10 μg/ml, (E) Ang II treatment group and I. cylindrica root extract 
at a dose of 15 μg/ml. The arrows indicate the shape of viable endothelial cells, the cobblestone shape. 
The scale bar indicates 100 μm. 

 
Fig. 3. Cell Morphology at 24 Hours of Observation Description: (A) Control group (B) Ang II group 
(C) Ang II treatment group and I. cylindrica root extract at a dose of 5 μg/ml (D) Ang II treatment group 
and I. cylindrica root extract at a dose of 10 μg/ml (E) Ang II treatment group and I. cylindrica root 
extract at a dose of 15 μg/ml. The scale bar indicates 100 μm. 

5 Conclusion 
Imperata cylindrica root extract improves endothelial cell viability induced by Ang II. The 
ability of I. cylindrica to protect vascular endothelial cells suggests that it should be 
considered as an adjuvant in the treatment of cardiovascular diseases caused by endothelial 
dysfunction. 
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