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Abstract 

AIM: The research aimed to determine the cytotoxic activity, cell cycle inhibition, and apoptosis induction of the 
ethyl acetate extract of the African leaves Vernonia amygdalina Del. on the MCF-7 cancer cells. 

METHODS: The extraction of Vernonia amygdalina Del. leaves was done using the maceration method whereas 
the cytotoxic was performed using MTT assay. After that, the cell cycle testing and apoptosis induction were 
conducted using flow cytometry assay.  

RESULTS: The IC50 values of n-hexane, ethyl acetate, and ethanol extract of Vernonia amygdalina Del. on the 
MCF-7 cancer cells were 206.211 ± 0.99, 50,365 ± 0.07, and 967.033 ± 2.68 µg/mL, respectively. The percentage 
of the cycle cell results in the G0-G1 phase in the cell control with 72.08% decreased in the treatment with ethyl 
acetate extract 1/2 IC50 with 62.58% and 1/5 IC50 with 44.72%. For the S and G2-M phase, the highest percentage 
was found in the ethyl acetate extract 1/5 IC50 treatment with 47.27% and 9.50% which were higher than the 
control cells with 23.26% and 5.90%. 

CONCLUSION: Based on the results, the Vernonia amygdalina Del. extract provides chemopreventive agent as 
anti-cancer. Our future study will assess the mechanism of ethyl acetate fraction in inhibiting angiogenesis and 
metastatic in breast cancer. 

 

 

 

 
 
 
 

Introduction 

 

Cancer is an abnormal cell growth that can 
attack normal body tissues and affect the body 
function. There are some factors that can affect breast 
cancer risk, such as long-term hormone use, dietary 
factors, reproductive factors and first pregnancy in an 
old age, lack of physical activity, hormone 
replacement therapy in chronic patients, and 
congenital genetic factors associated with breast 
cancer, such as gene mutations and radiation during 
the development of breast cancer [1]. 

The entry and development of cells through 
the cell cycle is controlled by changes in the level and 
activity of a group of proteins named cyclin. The cell 
cycle consists of several phases, namely the phase of 
Gap 1 (G1), S (Synthesis), Gap 2 (G2), and M 

(Mitosis) [2]. The duration of the cycle varies. In 
normal human cells, the cycle takes 20-24 hours in 
which the G1 phase takes 8-10 hours, the S phase 
takes 6-8 hours, the G2 phase takes 5 hours, and the 
M phase takes 1 hour. The generation time for the cell 
culture is generally the same as normal cells [3] 

Cells will also experience controlled death as 
a physiological response of the cell to eliminate cells 
that are not needed by the body which is known as 
apoptosis. Apoptosis also has a role in monitoring 
changes in cancer cells and becomes the first line of 
defense to fight mutations by cleaning abnormal DNA 
cells which can be malignant. Thus, apoptosis is part 
of the immune system which controls normal cell 
populations in the body [2]. 

In general, cancer treatment still depends on 
chemotherapy derived from synthetic chemicals. 
However, chemical compounds might cause multi-

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Open Access Macedonian Journal of Medical Sciences 

https://core.ac.uk/display/287785861?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Herbal Medicine in Pharmaceutical and Clinical Sciences 
_______________________________________________________________________________________________________________________________ 
 

_______________________________________________________________________________________________________________________________ 

3808  https://www.id-press.eu/mjms/index 

 

drug resistance effects. Besides that, anti-cancer with 
synthetic chemical compounds will affect not only the 
target cells but also the normal cells around them [4]. 

Vernonia amygdalina Del. which is the family 
of Asteraceae come from West Africa. Several studies 
found some chemical components, such as 
sesquiterpene lactones flavonoids, steroidal, fatty 
acids and saponins [5], [6], [7], [8], [9], [10], [11] and 
indicated some of the pharmacological activities, such 
as anti-obesity, anti-tumor, anti-malaria, anti-
inflammation, and other activities [12], [13], [14], [15]. 
The aim of this study was to evaluate cytotoxic 
activities of n-hexane, ethyl acetate, and ethanol 
extract of Vernonia amygdalina Del. leaves. 

In this study, the cytotoxic test was conducted 
to determine IC50 values that showed the 
concentration values that resulted in 50% inhibition of 
cell proliferation and reflected the drug toxicity to 
MCF-7 cells [16]. The test was done to analyse the 
cell growth and find the cell cycle phase in the 
research which experience growth in the G2 phase. In 
the G2 phase, DNA which is damaged due to 
exposure to a substance or carcinogenic compound 
will be repaired. If the damaged DNA cannot be 
repaired, there would be apoptosis in the cells. The 
cell cycle and apoptosis test were performed using 
flow cytometry method. 

 

 

Material and Methods 

 

Fresh leaves of Vernonia amygdalina Delile 
were collected from the garden of medicinal plants at 
the Faculty of Pharmacy, Universitas Sumatera Utara, 
Jl. Tridharma, North Sumatera Province, Indonesia. 
Vernonia amygdalina Delile was identified by the 
Herbarium Bogoriense, Bogor Botanical Garden, 
Bogor, Indonesia. The chemical used were Sorafenib, 
DMSO (Sigma), [3-(4,5-dimethyl thiazole-2-yl) -2,5-
diphenyl tetrazolium bromide] (MTT) (Sigma), and 
Annexin V (Biolegend). Propidium Iodide kit 
(Biolegend). 

The process of making Vernonia amygdalina 
Delile leaves extract was done using graded 
maceration method. Five hundred gr of simplicia was 
weighed and put into a container. In the first 
maceration, the simplicia was soaked with 5 L of n-
hexane for six hours, stirred occasionally, and left out 
for 18 hours. After that, the filtrate was separated from 
the residue. The residue was then dried in an oven at 
50°C. The dried residue was re-macerated with 5 L of 
ethyl acetate solvent, soaked it for 6 hours while 
stirred occasionally, and left out for 18 hours. The 
filtrate was then separated from the residue. After 
dried, the residue was macerated again with 96% 
ethanol solvent with the same procedure. Each 
solvent was soaked 3 times. The macerate from the 

three solvents was evaporated with a rotary 
evaporator to obtain a thick extract. This study used 
ethyl acetate as a solvent due to its characteristic as a 
semi-polar solvent which can pull out polar and 
nonpolar compounds [17]. 

The cells were treated with n-hexane, ethyl 
acetate, ethanol extract, and sorafenib. 4T1 cells were 
planted in a 96-well microplate so that density of 1 x 
10

4
 cells/mL was obtained, and the cells were 

incubated for 24 hours to obtain good growth. After 24 
hours, the medium was replaced with a new one. After 
that, the test solution was added with various series of 
concentrations using DSMO cosolvent and incubated 
at 37°C in a 5% CO2 incubator for 24 hours. At the 
end of the incubation, the media and test solution 
were removed, and the cells were washed with PBS. 
Then, 100 μL of culture media and 10μL MTT 5 
mg/mL were added into each well. To observe its 
viability, the cells were incubated again for 4-6 hours 
in a 5% CO2 incubator at 37°C. The MTT reaction 
was stopped with a reagent stopper (10% SDS in 0.1 
N HCl), and the plate was wrapped in aluminium foil 
so that it was not translucent at room temperature and 
left out for one night. Living cells would react with MTT 
and form a purple color. The test results were read by 
ELISA reader at a wavelength of 595 nm [17], [18], 
[19]. 

The MCF-7 cells (5 x 10
5
cells/mL) were plated 

in 6-well plate and incubated for 24 hours. The cells 
were treated with ethyl acetate extract of Vernonia 
amygdalina Del. and sorafenib and then incubated for 
24 hours. After 24 hours, the media was moved into 
the conical tube, and 0.025% trypsin was added into 
the plate. After washed twice with PBS and collected 
into the conical, the media was centrifuged at 2500 
rpm for 5 minutes. The supernatant was then 
discarded, but 70% of cold ethanol was added into the 
sediment for 2 hours for cell fixation. After added with 
PBS and centrifuged at 3000 rpm for 3 minutes, the 
supernatant was removed, PI kit containing 40 
µg/g/µmL PI and RNAse 100 mL was added into the 
sediment, and it was resuspended. Next, the mixture 
was incubated at 37°C for 30 minutes. The sample 
was analyzed using FAC Scan Flow cytometer. Based 
on its DNA content, the percentage of the cell 
accumulation in the cell cycle (G1, S, and G2/M) were 
calculated using modfit lt.3.0 [20]. 

The MCF-7 cells (5 x 10
5
cells/mL) were plated 

in 6-well plate, incubated for 24 hours, treated with 
EEAL and sorafenib, and incubated for 24 hours. After 
24 hours, the media was put into the conical tube, and 
0.025% trypsin was added into the well. After washed 
with PBS, collected into the conical, and centrifuged at 
2500 rpm for 5 minutes, the supernatant was 
discarded. Subsequently, PBS was added into the 
sediment, and the suspension was centrifuged 300 
rpm for 3 minutes. The supernatant was then moved. 
Next, Annexin V kit was added into the microtube, 
resuspended, and incubated at 37°C for 30 minutes. 
The sample was then analyzed using FAC Scan Flow 
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cytometer [20]. 

The cytotoxic test data was analyzed using 
SPSS 22 software with probit analysis. 

 

 

Results 

 

Inhibition Concentration 50% (IC50) 

Table 1. Table of Cytotoxicity Assay 

Treatment IC50 value (µg/mL) 

n-Hexane Africa 206.211 ± 0.99 
Ethyl Acetate Africa 50.365 ± 0.068 
Ethanol Africa 967.033 ± 2.68 

 

Among several test solvents, the cytotoxic 
test results which showed a good value of IC50 µg/mL 
for MCF-7 cells was ethyl acetate extract. The IC50 
value obtained on the MCF-7 cells was 50.365 μg/mL 
in which ethyl acetate extract was able to inhibit 50% 
of the cell growth tested at this concentration.  

Analysis of the cell cycle inhibition by flow 
cytometry method was done by giving ethyl acetate 
extract 1/2 IC50 and 1/5 IC50. The result for the G0-G1 
phase in the cell control was 71.08%. However, the 
percentage decreased in the treatment with ethyl 
acetate extract 1/2 IC50 with 62.58% and 1/5 IC50 with 
44.72%. For the S and G2-M phases, the highest 
percentage was found in the treatment with ethyl 
acetate extract 1/5 IC50 with 47.27% and 9.50% 
respectively in which both percentages were higher 
than the control cells with 23.26% and 5.90%. 
Increased inhibition in the S phase indicates that the 
extraction prevented cell DNA synthesis whereas 
increased inhibition in the G2-M phase indicates that 
there was a repair of damaged DNA.  

 

Figure 1: The cell cycle on the EEAF analysis on MCF-7 line; A) 
Cell control; B) 1/2 IC50; and C) 1/5 IC50 

 

The percentage of apoptosis induction of the 
African leaf’s ethyl acetate extract 1/2 IC50, 1/5 IC50 

and cell control in the initial apoptosis were 1.86%, 
4.39%, and 1.764%, in the late apoptosis / early 
necrosis were 6.12%, 5.69%, and 0.62%, and in the 
final necrosis were 90.56%, 54.36%, and 7.49%, 
respectively. 

 
Figure 2: Apoptosis analysis of EEAF on MCF-7 cell lines: A) cell 
control; B) 1/2 IC50; and C) 1/5 IC50 

 

 

Discussion 

 

An extract is stated to have potential if it has 
an IC50 value of less than 100 µg/mL [21]. The greater 
number of living cells indicates the more active cells 
perform metabolism so that the amount of formazan 
crystals formed also accumulates and causes purple 
intensity to increase on the plate. Dead cells cannot 
be colored by MTT salts, so they do not form purple 
as in living cells. As a result, dead cells do not form 
purple formazan, but the color remains yellow like a 
medium [22]. If the damaged DNA can be repaired, 
the cell cycle can occur in which the cell enters the 
G0-G1 phase after passing M phase [21]. 

The inhibition of the G0-G1 cycle allows 
apoptosis to occur. Hence, there was no activation of 
CDK4 and CDK6 which resulted in the inhibition of 
phosphorylation of pRb (retinoblastoma protein). Non-
phosphorylated Rb binds to the E2F transcription 
factor binding to DNA and inhibits gene transcription 
whose products are required for the cell cycle in the S 
phase. Thus, the cells are retained in the G1 phase, 
or G1 arrest occurs [3]. 

Flow cytometry method was used to 
determine apoptosis. This method is a method used 
for calculating the number of living cells, cell necrosis, 
and apoptosis within a short period of time. In this 
test, Annexin V was used to bind phosphatidylserine 
found in the cell plasma membrane during 
fluorescence apoptosis [21]. 

The potential of African leaves ethyl acetate 
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extract in promoting cell apoptosis may be caused by 
steroid/triterpenoid compounds through several 
mechanisms including inhibition of DNA 
topoisomerase I/II activities, signal path modulation, 
decreased Bcl-2 and Bcl-XL gene expression, 
increased Bax and Bak gene expression, and 
endonuclease activation [23]. 

Based on the results, it is found that EEAF 
had immensely good effect; thus, it is potentially used 
in breast cancer therapy through the cell cycle 
inhibition and apoptosis-induced activity. 

 

 

References 

 

1. Barnett GC, Shah M, Redman K, Easton DF, Ponder BAJ, 
Pharoah PDP. Risk Factors for the Incidence of Breast Cancer: Do 
They Affect Survival From the Disease? Journal of Clinical 
Oncology. 2008; 26(20):3310-6. 
https://doi.org/10.1200/JCO.2006.10.3168 PMid:18612147 

2. Rang H, Dale M, Ritter J, Flower R. Analgesic drugs. 
Pharmacology. 2007:588-609. https://doi.org/10.1016/B978-0-443-
06911-6.50046-3 

 

3. Freshney RI. Equipment. Culture of Animal Cells [Internet]. John 
Wiley & Sons, Inc.; 2005. 
https://doi.org/10.1002/0471747599.cac005 

 

4. Baguley BC. Multiple Drug Resistance Mechanisms in Cancer. 
Molecular Biotechnology. 2010; 46(3):308-16. 
https://doi.org/10.1007/s12033-010-9321-2 PMid:20717753 

 

5. Ohigashi H, Jisaka M, Takagaki T, Nozaki H, Tada T, Huffman 
MA, et al. Bitter principle and a related steroid glucoside from 
Vernonia amygdalina, a possible medicinal plant for wild 
chimpanzees. Agricultural and Biological Chemistry. 1991; 
55(4):1201-3. https://doi.org/10.1271/bbb1961.55.1201 

 

6. Igile GO, Oleszek W, Jurzysta M, Burda S, Fafunso M, 
Fasanmade AA. Flavonoids from Vernonia amygdalina and their 
antioxidant activities. Journal of Agricultural and Food Chemistry. 
1994; 42(11):2445-8. https://doi.org/10.1021/jf00047a015 

 

7. Sinisi A, Millán E, Abay SM, Habluetzel A, Appendino G, Muñoz 
E, et al. Poly-Electrophilic Sesquiterpene Lactones from Vernonia 
amygdalina: New Members and Differences in Their Mechanism of 
Thiol Trapping and in Bioactivity. Journal of Natural Products. 
2015; 78(7):1618-23. https://doi.org/10.1021/acs.jnatprod.5b00179 
PMid:26115003 

 

8. Igile G, Olenszek W, Jurzysta M, Aquino R, de Tommasi N, 
Pizza C. Vemoniosides D and E, Two Novel Saponins from 
Vernonia amygdalina. Journal of Natural Products. 1995; 
58(9):1438-43. https://doi.org/10.1021/np50123a016 

 

9. Jisaka M, Ohigashi H, Takagaki T, Nozaki H, Tada T, Hirota M, 
et al. Bitter steroid glucosides, vernoniosides A1, A2, and A3, and 
related B1 from a possible medicinal plant, Vernonia amygdalina, 
used by wild chimpanzees. Tetrahedron. 1992; 48(4):625-32. 
https://doi.org/10.1016/S0040-4020(01)88123-0 

 

10. Quasie O, Zhang Y-M, Zhang H-J, Luo J, Kong L-Y. Four new 
steroid saponins with highly oxidized side chains from the leaves of  

Vernonia amygdalina. Phytochemistry Letters. 2016; 15:16-20. 
https://doi.org/10.1016/j.phytol.2015.11.002 

11. Erasto P, Grierson DS, Afolayan AJ. Evaluation of antioxidant 
activity and the fatty acid profile of the leaves of Vernonia 
amygdalina growing in South Africa. Food Chemistry. 2007; 
104(2):636-42. https://doi.org/10.1016/j.foodchem.2006.12.013 

 

12. Eyong UE, Item JA, Esien DO, Margaret AA, Patrick EE. 
Haematological and immunological effect of co-administration of 
extracts of Vernonia amygdalina and Azadirachta indica on normal 
and diabetic rats. African Journal of Biotechnology. 2011; 
10(50):10258-62. https://doi.org/10.5897/AJB11.786 

 

13. Adedapo AA, Otesile AT, Soetan KO. Assessment of the 
Anthelmintic Efficacy of an Aqueous Crude Extract ofVernonia 
amygdalina. Pharmaceutical Biology. 2007; 45(7):564-8. 
https://doi.org/10.1080/13880200701498978 

 

14. Egedigwe CA, Ejike CECC, Ijeh II, Herbert U, Onwuka GI, 
Asumugha VU. Anti-obesity potentials of aqueous and methanol 
extracts of Vernonia amygdalina Del. Leaves in high-fat diet fed 
rats. African Journal of Traditional, Complementary and Alternative 
Medicines. 2016; 13(2):86. https://doi.org/10.4314/ajtcam.v13i2.11 

 

15. Atangwho IJ, Edet EE, Uti DE, Obi AU, Asmawi MZ, Ahmad M. 
Biochemical and histological impact of Vernonia amygdalina 
supplemented diet in obese rats. Saudi Journal of Biological 
Sciences. 2012; 19(3):385-92. 
https://doi.org/10.1016/j.sjbs.2012.05.003 PMid:23961200 
PMCid:PMC3730893 

 

16. Meiyanto E, Suparjan MD, dan Dewi A. Efek Antiproliferatif 
Pentagamavunon-0 Terhadap Sel Kanker Payudara T47D. Jurnal 
Kedoktran Yarsi. 2006; 14:1. 

 

17. Satria D, Furqon M, Hadisaputra S. Combination Effects of 
Ethylacetate Extract of Picria fel-terrae Lour. And Doxorubicin on 
T47D Breast Cancer Cells. Int J Pharm Pharm Science. 2015; 
7:73-6. 

 

18. Sutedjo IR, Putri H, dan Meiyanto E. Selektivitas Ekstrak 
Etanolik Buah Makassar (Brucea javanica) pada Kanker Payudara 
Metastasis secara In Vitro. Journal of Agromedicine and Medical 
Sciences. 2016, 2(1):4. 

 

19. Hasibuan PAZ, Harahap U, Sitorus P, Satria D. Ethylacetate 
extract of Zanthoxylum acanthopodium DC. fruit against 
doxorubicin-resistanced T47D cells. Der Pharma Chemica. 2016; 
8(20):172-174. 

 

20. Harahap U, Hasibuan PAZ, Sitorus P, Arfian N, Satria D. 
Antimigration activity of an ethylacetate fraction of Zanthoxylum 
acanthopodium DC. fruits in 4T1 breast cancer cells. Asian Pac J 
Cancer Prev. 2018; 19(2):565-9. 

 

21. Hostanska K, Nisslein T, Freudenstein J, Reichling J, Saller R. 
Evaluation of cell death caused by triterpene glycosides and 
phenolic substances from Cimicifuga racemosa extract in human 
MCF-7 breast cancer cells. Biological and Pharmaceutical Bulletin. 
2004; 27(12):1970-5. https://doi.org/10.1248/bpb.27.1970 
PMid:15577215 

 

22. Masfria, Harahap U, Nasution P, Ilyas S. Cytotoxic Activity, 
Proliferation Inhibition and Apoptosis Induction of Rhaphidophora 
Pinnata (L.F.) Schott Chloroform Fraction to MCF-7 Cell Line. 
International Journal of PharmTech Research. 2014; 6(4):1327-
1333. 

 

23. Kumar, V., Abas, AK., dan Foustro, N. Pathology Basic of 
Dissease. New York: Halaman, 2005:270-336.  

 

https://doi.org/10.1200/JCO.2006.10.3168
https://doi.org/10.1016/B978-0-443-06911-6.50046-3
https://doi.org/10.1016/B978-0-443-06911-6.50046-3
https://doi.org/10.1002/0471747599.cac005
https://doi.org/10.1007/s12033-010-9321-2
https://doi.org/10.1271/bbb1961.55.1201
https://doi.org/10.1021/jf00047a015
https://doi.org/10.1021/acs.jnatprod.5b00179
https://doi.org/10.1021/np50123a016
https://doi.org/10.1016/S0040-4020(01)88123-0
https://doi.org/10.1016/j.phytol.2015.11.002
https://doi.org/10.1016/j.foodchem.2006.12.013
https://doi.org/10.5897/AJB11.786
https://doi.org/10.1080/13880200701498978
https://doi.org/10.4314/ajtcam.v13i2.11
https://doi.org/10.1016/j.sjbs.2012.05.003
https://doi.org/10.1248/bpb.27.1970

