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ABSTRACT

Objectives: The objective of this study is to assess the cytoprotective effect of ethanol fraction (EtF) of Vernonia amygdalina Del. leaves EtF against 
Vero cells which induced by hydrogen peroxide (H2O2).

Methods: Cytoprotective effects of EtF were analyzed by 3-(4,5-dimethylthiazolyl-2)2,5-dipheniltetrazolium bromide to Vero cells which induced by 
0.8 mM H2O2, apoptosis was determined by flow cytometry, and reactive oxygen species (ROS) expression was analyzed by immunocytochemistry.

Results: EtF was showed the largest percentage viable cell (78.75±2.51%) at 50 µg/mL. In the analysis of apoptosis by flow cytometry was showed 
the percentage of viable cell count of 59.56% and EtF was decreased the expression of ROS.

Conclusion: EtF has cytoprotective activity toward Vero cells induced by 0.8 mM H2O2.
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INTRODUCTION

Cancer is a disease of abnormal cell growth and quick characterized by 
uncontrolled cell division and the ability to invade other tissues [1,2]. 
Physiologically, the system in individual cell growth is regulated by 
a system of balance, i.e., apoptosis and proliferation. In the event of 
excessive apoptosis, it will be deprived of the function of an organ system 
that can cause disease. Conversely, if there is excessive proliferation, it 
will form a mass of tumor (malignancy) that will lead to cancer [3,4].

Free radicals are atoms or molecules that have an unpaired electron 
in their outer orbitals and can stand alone [5]. Free radicals are 
generally composed of two forms of reactive oxygen species (ROS) and 
reactive nitrogen species. Both of these species result in mitochondrial 
dysfunction, impaired protein production, and aggregation of proteins 
that cause modulation of the activation of apoptosis, necrosis, and cell 
autophagis [6].

Antioxidants serve to overcome or neutralize free radicals and prevent 
damage to the body of the onset of degenerative diseases [7]. Therefore, 
we need a body of important substances, antioxidants, and compounds 
that have cytoprotective activities that may help protect the body from 
free radical attack to reduce the negative impact of these compounds. 
Most sources of natural antioxidants are plants and generally flavonoid. 
The ability of flavonoids as antioxidants has been studied in recent 
years, in which flavonoids have the ability to change or reduce free 
radicals and also as an anti-free radical [8].

Indonesia is a potential biological diversity in the discovery of new 
compounds are efficacious as anticancer, one of which is Africa leave 
(Vernonia amygdalina Del.). Plants originating from Africa are one of 
the plants of the Asteraceae tribe, which is widely used as a traditional 
medicine from the genus Vernonia.

Cytoprotective testing was done using MTT reagent in living cells. This 
method can be used to measure the number of cells, cytotoxicity, cell 
proliferation, and activity [9]. Vero cells are not cancerous epithelial 
cells (normal) derived from African green monkey kidney organ. Vero 
cell tests conducted to study cell growth, cell differentiation, cytotoxicity, 

and cell transformation induced various chemical compounds [10]. 
Agents used as an inducer of free radicals in the cytoprotective test are 
hydrogen peroxide (H2O2).

MATERIALS AND METHODS

Material
N-hexane, ethyl acetate, and ethanol were purchased from Merck 
(Darmstadt, Germany), DMSO (Sigma-Aldrich Chemie GmBH Germany), 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) 
(Sigma Chemical, St. Louis, MO), H2O2 from Merck Darmstadt, Germany), 
M199 media and phosphate-buffered saline (PBS) 10% v/v (Gibco, 
Grand Island, NY, USA).

Plant material
The samples used were Africa leaves (V. amygdalina Del.) and were 
still fresh. Sampling was done purposively without comparing with 
the same plants from other regions. Samples were taken from Tangkul 
Street, Kelurahan Sidorejo Hilir, Districts of Medan Tembung, Medan, 
North Sumatera.

Plant and preparation of fractions
The leaves of V. amygdalina Del. were dried at 45°C and ground 
into powder. The dried leaves powder (500  g) was extracted with 
n-hexane by maceration method. After 3  days of maceration at room 
temperature, the supernatant was separated by decantation, and the 
marc was macerated twice, the marc of n-hexane extract was extracted 
with ethyl acetate by maceration. The same procedure was applied 
to ethanolic extract. Extract from each solvent was concentrated by a 
rotary evaporator (Heidolph VV-200), and the concentrated extract was 
dried by freeze-dryer (Edwards).

Cell lines and culture conditions
Vero cell lines (African green monkey kidney) were kindly provided by 
Parasitology Laboratory, Faculty of Medicine, Gadjah Mada University, 
Indonesia. The cell lines were cultured in M199 medium, supplemented 
with 10% (v/v) FBS, 2% penicillin-streptomycin, and 0.5% fungizone in 
a 37°C incubator with 5% CO2.
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Cytoprotective assay
MTT assays
Cytoprotective activity was determined by the MTT colorimetric 
assay. Vero cell lines were plated at 104  cells/well in a 96-well plate. 
The culture cells were incubated in a humidified incubator at 37°C 
at atmosphere of 5% CO2 and 95% air for 24  h. After incubation for 
24  h at 37°C, the medium was discharged, and cells were treated by 
ethanol fraction (EtF) of V. amygdalina with different concentration and 
incubated for 24 h. After that, cell was induced with 0.8 mM H2O2 for 3 h. 
MTT 0.5 mg/mL solution was added to each well and further incubated 
for 4 h at 37°C. Viable cells react with MTT to produce purple formazan 
crystals. After 4 h, the stopper 10% SDS (Sigma Co. St. Louis) in 0.01 N 
HCl (Merck) was added to dissolve the formazan crystal. The cells were 
then incubated for 24 h in room temperature and protected from light. 
After incubation, the cells were shaken. Optical density was read with 
an ELISA reader at λ 595 nm. The experimental data were absorbance 
of each well and then converted to percentage of viable cells [11-13].

B CPercentage of viablecell 100%
A C
−

= ×
−

Where A, B, and C are absorbance of control group, treatment group, 
and medium (vehicle), respectively.

Apoptosis analysis
Annexin V kit was added to sediment and suspended and incubated 
at 37°C for 30  min. The samples were analyzed using FAC Scan flow 
cytometer.

Immunocytochemistry assays
5 × 104 cells/well (Vero cells) were planted into 24 well pads covered 
with a coverslip on the bottom, incubated for 24 h. Induced with 
0.8 mM H2O2 for 3  h and treated with EtF, incubated for 24 h. After 
incubation, the cells were washed with PBS and then fixed with cold 
methanol at 4°C for 10 min. After that, the cells were washed with PBS 
and blocked in hydrogen peroxide (H2O2) blocking solution for 10 min 
at room temperature, incubated using primary antibody ROS for 1  h 
and washed 3 times with PBS, depleted secondary antibody, incubated 
10  min, washed cells again with PBS and spilled with streptavidin 
horseradish peroxidase enzyme and incubated for 10 min, then added 
3.3’-diaminobenzidine and incubated for 5 min (until brown), washed 
again with PBS and aquadest then with Mayer-Hematoxylin and 
incubated for 5 min. Washed the cells back using aquadest, then added 
70% incubation ethanol for 2 min, cleaned, drops the xylol solution, and 
drained. Then placed coverslip on the glass objects and dinted mounting 
media and covered with a glass cover, conducted by observation with a 
microscope equipped with Optilab and use Software Image Raster.

Statistical analysis
All data were expressed as half maximal inhibitory concentration (IC50) 
that analyzed using probit in regression at SPSS 19; test was used for 
statistical analyses with p=0.05 was considered significant.

RESULTS AND DISCUSSION

MTT Methods [3-(4,5-dimetiltiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide] is a quantitative test. This test is based on measuring the 
intensity of the color (colorimetric) that occurs as a result of metabolism 
of a substrate by living cells into a colored product [8]. The reduction 
of yellow tetrazolium MTT is reduced by metabolically active cells, in 
part by the action of dehydrogenase enzymes, to generate reducing 
equivalents such as NADH and NADPH. The resulting intracellular 
purple formazan can be solubilized quantified by spectrophotometric 
means. The extract showed cytoprotective activities in a concentration-
dependent manner (Fig. 1).

Based on Fig. 1 can be seen that H2O2 is a source of oxidant in this study, 
the concentration of 0.8 mM is used to induce cell damage, at these 
concentrations decrease the number of living cells up to 5% compared 
with the control Vero cells without H2O2 treatment. In this study, the 

intracellular level of H2O2 in Vero cells is greatly increased, but after 
administration of EtF in Vero cells with various concentrations of 100 µg/
mL, 50 µg/mL, 25 µg/mL, 12.5 µg/mL, and 6.25 µg/mL showed increased 
cell viability value compared to the value of a given cell viability Vero H2O2.

In this study, it can be seen that EtF has cytoprotective activity 
to treatment with the test sample EtF shows percent viability 
at a concentration of 100  µg/mL of 63.72±1.36%, 50  µg/mL of 
78.75±2.51%, 25 µg/mL of 75.51±1.79%, 12.5 µg/mL of 71.61±0.93%, 
and 6.25 µg/ mL of 66.72±1.53%. Therefore, the highest percentage of 
living cells      can be seen at concentrations of 50 μg/ml.

Vero cells treated with EtF concentration of 50 µg/mL showed a high 
viability value of 78.75±2.51% compared with the concentration of 
other series. This is related to a previous study by Hartati, 2015, that 
conducts research on cytotoxic activity against Vero cells with IC50 
value of 79.561 µg/mL. The concentration of the test solution is smaller 
than the IC50 value cytotoxic activity has a value greater cell protection, 
while the concentration of the test solution is greater than the IC50 value 
indicates a decrease in the number of living cells [14].

EtF has a cytoprotective activity because more secondary metabolites 
contained therein, such as the content of flavonoid compounds. Flavonoids 
are antioxidants that are beneficial in preventing cell damage from oxidative 
stress. The mechanism of action of flavonoids as antioxidants can be 
directly or indirectly. Flavonoids as antioxidants directly are by inhibiting 
the oxidation reaction through the mechanism of free-radical scavengers by 
donating an electron to the unpaired electron that can neutralize the toxic 
effects of free radicals. Flavonoids as antioxidants indirectly, namely, by 
increasing the gene expression of antioxidant through several mechanisms. 
One mechanism is an increase in antioxidant gene expression through 
activation of nuclear factor erythroid-related factor 2 (Nrf2) resulting in 
an increase in genes involved in the synthesis of endogenous antioxidant 
enzymes such as SOD (superoxide dismutase) [15].

Evaluation of apoptosis induction was performed using flow cytometry 
method with Annexin-V as shown in Fig. 2.

As shown in Fig. 2, the cells in the upper and lower right quadrants represent 
late apoptotic/necrotic and early apoptotic cells, respectively. The percentage 
of control, control+H2O2 and EtF in viable cell 80.56%, 10.32%, and 59.56% 
in early apoptotic 9.42%, 10.93%, and 16.66% in late apoptotic/early 
necrotic 2.97%, 45.72%, and 7.94%, and in late necrotic 7.04%, 33.03%, 
and 15.85%. In the apoptotic study, EtF increased the number of viable cells 
compared to control+H2O2 Vero cell lines. In the treatment showed that EtF 
had cytoprotective activity through apoptosis mechanism.

Analysis of ROS expression was performed using immunocytochemistry 
methods with specific antibody binding principles. In this analysis, 
secondary antibody added served as a liaison between primary 
antibodies with streptavidin-horseradish peroxidase enzymes. 
Streptavidin-horseradish peroxidase enzymes can be seen with the 
addition of 3,3’-diaminobenzidin as a chromogen solution which will 

Fig. 1: Graph concentration test solution to the percent of cell 
viability
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produce a brown color. This indicated the presence of ROS or positive 
results. ROS expression on Vero cell can be seen in Fig. 3.

Based on Fig. 3. a strongly positive brown that means positive expression on 
H2O2 induced cells, irregular cell shape and cell nuclei shrink as seen in Fig. 
3b. The negative expression showed the blue color shown in Fig. 3a and c. 
EtF can decreased ROS expression as indicated by the reduced brown color 
of the cells compared to the dominant H2O2+cell control. This shows that 
Etf has cytoprotective activity, so there are few cells that express ROS. An 
increased formation of ROS/free radicals leads to depletion of endogenous 
antioxidants. Flavonoids effectively act as anti-oxidants by two methods. 
First, they can increase the ability of endogenous anti-oxidants. Secondly, 
they can interfere with three different ROS/Free radical producing systems 
in the human body [16]. Many studies had revealed that flavonoid content 
in plants could be correlated to their antioxidant activities Plants including 
vegetables contained flavonoid compounds can act as antioxidant. 
Flavonoids may be the major contributors for the antioxidant activity [17].

CONCLUSION

EtF can improve the viability of Vero cells induced by H2O2. By variation 
of the concentration of 6.25–100 µg/mL showed increased cell viability 

value compared to the value of a given cell viability Vero H2O2. EtF the 
MTT test shows the percent viability, respectively, by 78.75±2.51% with 
a concentration 50 µg/mL EtF. EtF had cytoprotective activity through 
apoptosis mechanism and EtF can decreased ROS expression.
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Fig. 2: Apoptosis analysis using flow cytometry. Vero cells were 
treated by ethanol fraction (EtF) for 24 h and stained using 

annexin-V. (a) control cells, (b) control cells+hydrogen peroxide, 
(c) EtF 50 µg/mL

a

b

c
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Fig. 3: Reactive oxygen species expression analysis using 
immunocytochemistry. (a) control cells, (b) Control 

cells+hydrogen peroxide, (c) Ethanol fraction 50 µg/mL
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