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ABSTRACT

Vernonia amygdalina is a member of the Asteraceae family. It is a shrub or small tree that can reach up to 10 m
in height and with a trunk diameter reaching up to 40 cm. The plant is a vegetable in its native land and is put through a
detoxification process before it is cooked as food. The process involves boiling the leaves several times while changing the
water after each cycle until the bitterness disappears. This study was carried out to screen the ethanol, methanol and ethyl
acetate extracts of Vernonia Amygdalina as an anti-proliferative agent that inhibits the growth of human glioblastoma
brain cancer cell lines (U-87). The anti-proliferative study indicated that only ethyl acetate extracts from Vernonia
amygdalina were found to be cytotoxic towards U-87 cancer cell lines with an ICsq value of 18.80 + 1.11 pg/ml. There was
no 1Csq value for ethanol and methanol extracts from Vernonia amygdalina. Thus, ethyl acetate extracts from Vernonia
amygdalina could be envisaged for further exploration in efforts to develop newer and safer cytotoxic compounds.
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INTRODUCTION

Cancer is the second leading cause of death and is becoming the leading cause among those in the old
age group. It is estimated that by 2030 the number of new cancer cases will increase by 70% worldwide due to
demographic changes alone [1]. The process of cancer development is a consequence of genetic and
epigenetic alterations that lead to disruption of basic biological functions [2]. Among all the possible strategies,
prevention appears to be the most practical approach for reducing cancer incidence and burden. Vegetable
and fruit consumption is inversely associated with cancer incidence and mortality [3]. Currently, interest in a
number of fruits high in polyphenolic compounds has been raised due to their reported chemo-preventive
and/or chemo-therapeutic potential [2,4].

Glioblastoma multiforme (GBM) is one of the most devastating cancers with a mean survival rate of
twelve to fifteen months [5]. Current therapy includes a combination of radiation, surgery and chemotherapy.
In addition, the rate of relapse after surgical resection of the tumour is very high [5]. The main chemotherapy
available is temolozolamide, which is quite expensive and has a high level of toxicity. Thus, the scarcity of
therapeutic options and the need to improve the quality of life of patients requires that alternative or
complementary forms of therapy are explored [6, 7]. Natural products from plants have from time immemorial
been adopted for their pharmacological activity against various diseases, including cancers [8, 9, and 10].

Available literature indicates that antioxidant compounds from plants have the potential to be
employed in the treatment of GBM by scavenging free radicals and normalising the oxidative state in the body
[11, 12 and 13]. Interestingly, polyphenols have demonstrated promising results in chemoprevention and
management of cardiovascular diseases. It has also shown a potential in neurodegenerative diseases and other
brain related diseases including brain tumours [14]. The role of polyphenols in mitigating the potential damage
of oxidative stress has also been demonstrated. Due to their ability to modulate the activity of multiple targets
involved in carcinogenesis through direct interaction or modulation of gene expression, polyphenols can be
employed to inhibit the growth of cancer cells [15, 16].

Vernonia amygdalina is a member of the Asteraceae family. It is categorised as a shrub or small tree
that can reach up to 10 m in height with trunk diameter reaching up to 40 cm [17]. It was recently introduced
into the Malaysian herbal armament and there has been quite a good following on the use of the plant to treat
diabetes, hypertension and hypercholesterolemia. The plant is a vegetable in its native land and is put through
a detoxification process before being cooked as food. The process involves boiling the leaves several times
while changing the water after each cycle until the bitterness disappears [18]. Extracts from the leaves have
been reported to possess hypolipidemic and antihyperlipidemic properties [19, 20 and 21]. In folklore
medicine, it is used to cure many diseases including eczema, measles and anemia [22].

Although innumerable studies have been carried out in regards to antioxidants and polyphenols in
Vernonia amygdalina, several studies exhibited a close relationship between antioxidant activities and total
phenolic content [23, 24 and 25]. The mechanism of action in anticancer activity of phenolics could be by
disrupting cellular division during mitosis at the telophase stage [26]. Since the elimination of cancer in the
early stages is an integral part of chemoprevention, measuring anti-proliferative properties against cancer cells
using common assay, such as the MTT assay, could provide useful insights on the chemo-protective potential
of natural extracts. Thus, this study aims to investigate the anti-proliferative activity of Vernonia amygdalina
extracts obtained from ethanol, methanol and ethyl acetate on the brain cancer cell line, U87.

MATERIAL AND METHODS
Extraction Procedure

The method used by Mohd Adzim Khalili et al. [27, 28] with slight modifications was adopted in this
study. The leaves of Vernonia amygdalina were collected from their natural habitat around the state of
Terengganu in Malaysia. The leaves were air-dried under shade at room temperature for 24-hours followed by
the sequential soaking process (1:10; w/v) using ethanol, methanol and ethyl acetate for 24-hours at room
temperature (24-25°C).The supernatants for each solvent were filtered through Whatmann®No. 41 filter paper
(pore size 20-25 pum) and were then concentrated under reduced pressure at 40°C. Finally, all the extracts
were store at -20°C until they were used during the analysis.
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Preparation of extracts

The method employed by Mohd Adzim Khalili et al. [29] with slight modifications was used in this
study. To screen the extracts obtained from leaves of Vernonia amygdalina, 10 mg/mL of the stock solution
from each sample extract was prepared by dissolving 10 mg of extract in 1 mL of DMSO. All extract solutions
were kept at a temperature of 4°C throughout the experiment. Stock solutions were further diluted in RPMI-
1640 (Sigma MO, USA) medium with serum to obtain a final concentration of 60, 30, 15, 7.5, 3.25 1.875 and
0.9375 pg/mL.

Cell culture condition

Human glioblastoma multiforme cell lines (U-87) was obtained from the cell bank in the Department
of Biotechnology, Universiti Sultan Zainal Abidin. The cancer cells were grown and maintained at a
temperature of 37°C in an incubator humidified with 5% CO, in a RPMI-1640 medium supplemented with 10%
fetal bovine serum (FBS) at 95% relative humidity. The medium was then changed twice a week.

Cell growth inhibition assay

The anti-proliferative activity of leaf extracts of Vernonia amygdalina were obtained using ethanol,
methanol and ethyl acetate to inhibit the proliferation of U-87 cell lines using the micro-titration colometric
method of tetrazolium salt reduction by Mosmann [30] A total of 100 pL cell suspensions were dispersed in
triplicates into 96 well cultured plates at optimised concentrations of 2.0 x10° cells/mL of U-87. After a 24 hour
recovery period, the extract solutions that were diluted to a final concentration of 1000 pg/mL using RPMI-
1640 medium were further serially diluted to obtain concentrations of 60, 30, 15, 7.5, 3.25 1.875 and 0.9375
pug/mL. The prepared concentrations were then plated out in triplicates. Each plate included untreated cell
controls and a blank cell free control. After 48 hours of incubation, MTT (20 pug/mL) was added to each well
and re-incubated for further 4 hours. The medium was then removed and DMSO was added into each well to
solubilise the formazan crystals. Finally, the absorbance was read at wavelengths of 570 nm using a
flourometer micro-plate reader (TECAN, INFINITE M200) and the percentage of cell viability was calculated
with the appropriate controls taken into account. The relative viability of the treated cells was expressed as %
cytoviability, using the formula;

% cytoviability= [A4q Of treated cells]/ [Asqo of control cells] x 100%

The inhibition concentration (ICsy) was then determined by non-linear regression analysis of the
corresponding dose response curve.

RESULTS AND DISCUSSION

The usefulness of plants to humankind is not only as a source of raw materials for industries, but also
as a source of food and medicine. From the earliest times, plants have provided humankind with a source of
healing. Many parts of plants such as fruits, seeds, bark, root, and flowers have been used as medicaments to
cure various diseases that afflict humankind and animals [31]. Plants have been known to contain or possess
abundant phytochemicals, antimicrobials and pharmacological components that include anthraquinones,
flavonoids, saponins, polyphenols, tannins and alkaloids [32]. One such plant suspected of possessing
medicinal value is the bitter leaf (Vernonia amygdalina). Many herbalists and naturopathic doctors
recommend aqueous extracts of bitter leaf for their patients for emesis, loss of appetite-induced ambrosia,
dysentery and other gastrointestinal tract problems [33].

Studies have shown that polyphenols have high antioxidant activity and are protective against
tumours. Vernonia amygdalina extracts are rich in antioxidant polyphenols and have been studied for their
anticancer activity against various tumours [34, 35]. Previously, the antioxidant activities of Vernonia
amygdalina leaf extracts were measured using the ferric thiocyanate (FTC) method. Mohd Adzim Khalili et al.
[27, 28] found that Vernonia amygdalina extract in ethyl acetate displayed the highest phenolic content (2.693
mg/g), followed by chloroform extract and methanol extract using the FTC method. Based on the analysis, the
phenolic content had increased due to the concentration of the solution, which clearly shows that there is a
positive correlation between total phenolic content and antioxidant activities [36].
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On the other hand, Mohd Adzim Khalili et al. [29] had revealed that Vernonia amygdalina was able to
inhibit the growth of MCF-7 and HT-29 cells in a dose-dependent manner. The cytotoxic activity extracts were
obtained by using the MTT assay. In this study, the cytotoxic activity that inhibits the growth of human
glioblastoma multiforme cell line (U-87) according to different solvents of ethanol, methanol and ethyl acetate
of Vernonia amygdalina was also obtained by using the MTT assay. The MTT is reduced from an insoluble
purple formazan into an insoluble colored formazan product by mitochondrial dehydrogenase activity of viable
tumor cells, which can be measured spectrophotometrically after dissolution. Various extractions were used to
determine the relationship between the number of cells and the amount of MTT formazan generated and
between the amount of MTT formazan generated and the duration of cell incubation with MTT [30].

The cytotoxic activity of ethanol, methanol and ethyl acetate extracts of Vernonia amygdalina on the
growth of U87 cancer cell lines in vitro was shown in Table 1. According to the National Cancer Institute
standards, criteria crude extracts possessing an ICso value of less than 20 ug/mL were considered active against
the tested cancer cells [37, 38]. In this study, ethanol, methanol and ethyl acetate extracts of Vernonia
amygdalina were evaluated for their cytotoxicity toward U-87 cancer cell lines. The degree of cytotoxicity was
defined as a concentration that reduced the cell number to 50% as compared to the untreated specimen (ICsy).
The ICso value was determined quantitatively after staining the cells with crystal violet and using the MTT assay
[28].

Table 1: Cytotoxic activity of U-87 cell lines according to ethanol, methanol and ethyl acetate extracts of Vernonia

amygdalina.
Extracts 1C5q values (ug/ml)
U87 cancer cell lines
Ethanol nil
Methanol nil
Ethyl acetate 18.80 +1.11 pg/ml.

In this study, only ethyl acetate extracts of Vernonia amygdalina were shown to be cytotoxic towards
U-87 cancer cell lines with an 1C5, value of 18.80 + 1.11 ug/ml. Meanwhile, ethanol and methanol extracts of
Vernonia amygdalina did not show any cytotoxic activity in different concentrations (ICsq value above 50% of
cell viability). Although several studies have reported the anti-proliferative activity of ethanol and methanol
extracts of Vernonia amygdalina due to high phenolic content on several types of cancers, it is possible that
the activity exhibited by ethanol and methanol extracts do affect the human glioblastoma multiforme cell line
(U-87) in its ability to scavenge free radicals and normalise the oxidative state in the body [39, 40 and 41].
From this study, we can conclude that only ethyl acetate extracts of Vernonia amygdalina have the potential
to be used as a new cancer therapeutic agent.

CONCLUSION

The primary aim of this study as described was carried out to screen the ethanol, methanol and ethyl
acetate extracts of Vernonia Amygdalina as antiproliferative agents in inhibiting the growth of human
glioblastoma multiforme cell lines (U-87). Vernonia amygdalina extracts known to rich in antioxidant
polyphenols and have been studied for their anticancer activity against various tumors [34, 35].

Previous studies had suggested that Vernonia amygdalina content high in phenolic compound and
antioxidant capacity in ethyl acetate extracts as compared to methanol and chloroform [28, 29]. Furthermore,
extracts were shown to be cytotoxic towards MCF-7 and HT-29 cancer cell lines tested. Thus, it was concluded
that Vernonia amygdalina extracts have a good potential to be used as a new cancer therapeutic agent.

However, in this study done with three extracts used, only ethyl acetate extracts of Vernonia
amygdalina possess ability to inhibit human glioblastoma multiforme cell line (U-87) proliferation based on
dose dependent activities compared to ethanol and methanol extracts. This activity could be attributed to the
highest phenolic content of Vernonia amygdalina extract in ethyl acetate in previous studies. Meanwhile,
those two extracts showed fluctuations result analysis above ICsq graph for their dose dependent activities.
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This may occur because of extract’s effects with cell line tested for the ability to scavenge free radicals

and normalizing oxidative state. Thus, ethyl acetate extracts of Vernonia amygdalina were considered for
further exploration towards the development of newer and safer cytotoxic compounds. Although this study
was done to show an alternative way to cure cancer, but still the trials should be further conducted on a larger
scale to assess the efficacy of the proposed treatment.

ACKNOWLEDGEMENTS

The authors would like to thank Ministry of Higher Education, Malaysia and Universiti Sultan Zainal

Abidin (UniSZA) for the financial aid (UNISZA/2015/DKP/22) and the Faculty of Health Sciences for providing
the facilities. The authors would also like to acknowledge all staffs from Teaching Laboratory 1, Faculty of
Medicine and Faculty of Health Sciences, UniSZA.

(1]
(2]
(3]

(4]
(5]
(6]
(7]

(8]

(9]

(10]
(11]
(12]
(13]
(14]
[15]

(16]
(17]

(18]

(19]

REFERENCES

Amarowicz, R., Naczk, M. et al. Antioxidant activity of condensed tannins of beach pea, canola hulls,
evening primrose and Faba bean. Journal Food Lipids. 2000; 7: 195-205.

Arora-Kuruganti, P., Lucchesi, P. A. and Wurster, R. D. Proliferation of Cultured Human Astrocytoma
Cells in Response to an Oxidant and Antioxidant. Journal of Neuro-Oncology. 1999;44 (3): 213-221.
Atangwho, I. J., Ebong, P. E., Egbung, G. E., Eteng, M. U. and Eyong, M. U. Effects of Vernonia
amygdalina Del:leaf on liver function in alloxan induced hyperglycemic rats. J. Pharm. Bioresource.
2007c; 4(1): 1-7.

Atangwho, I. J., Ebong, P. E., Eyong, E. U., Eteng, M. U. and Obi, A. U. Effects of Vernonia amygdalina
Del:leaf on kidney function of diabetic rats. Int. J. Pharm. 2007b; 3(2):143- 148.

Atangwho lJ, Ebong PO, et al. Vernonia amygdalina Del: A potential prophylactic antidiabetic agent in
lipids complication. Glob. J Pure Applied Sci. 2007a; 3(1); 103-106.

Boeing, H., Bechthold, A., Bub, A. et al. Critical review: vegetables and fruit in the prevention of
chronic diseases. European Journal of Nutrition. 2012; 51 (6): 637-663.

Buchanan DR, White JD, et al. Research-design issues in cancer-symptom-management trials using
complementary and alternative medicine: lessons from the National Cancer Institute Community
Clinical Oncology Program experience. Journal of Clinical Oncology : Official Journal of the American
Society of Clinical Oncology. 2005; 23 (27): 6682-9.

Chen, D., Pace, P. E., Coombes, R. C. and Ali, S. Phosphorylation of human estrogen receptor alpha by
protein kinase A regulates dimerization. Molecular Cell Biology. 1999; 19 (2): 1002-15.

Duan, X., Wu, G. and lJiang, Y. Evaluation of the antioxidant properties of litchi fruit phenolics in
relation to pericarp browning prevention. Molecules. 2007; 12 (4): 759-771.

Eleonora, T., Lorenzo, F. and Carmela, F. Potential effects of pomegranate polyphenols in cancer
prevention and therapy. Oxidative medicine and cellular longevity. 2015:1-19.

Farombi, E. O. and Owoeye, O. Antioxidative and chemopreventive properties of Vernonia amygdalina
and Garcinia biflavonoid. Int J Environ Res Public Health. 2011; 8(6): 2533-55.

Gawron, A. and Kruk, G. Cytotoxic effect of xanthotoxol 8-hydroxypsoralen on TCTC cells in vitro.
Polish Journal of Pharmacology and Pharmacy. 1992; 44 (1): 51-57.

Geran, R. |, Greenberg, H. M., McDonald, M. and Abbott, B. J. Protocols for screening chemical agents
and natural products against animal tumours and other biological systems. Cancer Chemoth Rep.
1972; 33: 1-17.

Gresham, L. J.,, Ross, J. and lzevbigie, E. B. Vernonia amygdalina; anticancer activity, authentication
and adulteration detection. Int J Environ Res Public Health. 2008; 5(5): 342-8.

Grubben, G. J. H. Prota volume 2- vegetables, prota foundation. Wageningen. 2004: 543-544,
Harborne, J. B. Arsenal for Survival: Secondary Plant Products. Taxon. 2000; 49 (3): 435.

Kanatt, S. R., Chander, R. and Sharma, A. Antioxidant and antimicrobial activity of pomegranate peel
extract improves the shelf life of chicken products. International Journal of Food Science &
Technology. 2010; 45 (2): 216-222.

Khalili, M. A., Hadi, N. A., Naim, R., Baig, A. A. and Mahmud, K. Study on antioxidant capacity and
anticancer activity of Bismillah leaf (Vernonia amygdalina). World Journal of Pharmaceutical Research.
2014; 3 (6): 14-29.

Khoshyomn, S., et al. Synergistic effect of genistein and BCNU on growth inhibition and cytotoxicity of
glioblastoma cells. Journal of Neuro-Oncology. 2002; 57 (3): 193—-200.

March - April 2016 RJPBCS 7(2) Page No. 1088



[20]
[21]
[22]

(23]

[24]

[25]
(26]

(27]

(28]

[29]

(30]
(31]
(32]
(33]
(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]
(42]

(43]

ISSN: 0975-8585

Li, H., Wang, X., Li, P, Li, Y. and Wang, H. Polyphenolics compounds and antioxidant properties of
selected china wines. Food chemistry. 2009; 112 (2): 454-460.

Livingstone, J. Natural compounds in cancer therapy. International Journal Of Pharmaceutical
Medicine. 2001; 15.

Lu, F. and Foo, L.Y. Toxicological aspects of food antioxidants. In: Madhavi DL, Deshpande SS,
Salunkhe DK, editors. Food antioxidants. New York: Marcel Dekker. 1995.

Luo, X., Jiang, Y., Fronczek, F. R., Lin, C., lzevbigie, E. B. and Lee, K. S. Isolation and structure
determination of a sesquiterpene lactone (vernodalinol) from Vernonia amygdalina extracts. Pharm
boil. 2011; 49 (5): 464-70.

Luo, X., Oyugi, D. A., Lin, C., Izevbigie, E. B. and Lee, K. S. Isolation and characterization of the
antibreast carcinoma cell growth components of Vernonia amygdalina extracts. Exp Boil Med
(Maywood). 2010; 235 (12): 1472-8.

Mohd, Zin, Z., Abdul Hamid, A. and Osman, A. Antioxidative activity of extracts from mengkudu
(Morinda citrifolia L.) root, fruit and leaf. Food. Chem. 2002; 78: 227-231.

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and
cytotoxicity assays. Journal of Immunological Methods. 1983; 65 (1-2): 55-63.

Mohd Adzim Khalili Rohin, Norhayati Abd Hadi, Rochman Naim, Atif Amin Baig, Khairil Mahmud: Study
On Antioxidant Capacity And Anticancer Activity Of Bismillah Leaf (Vernonia Amygdalina). World
Journal of Pharmaceutical Research 09/2014; 3(6):14-29.

Mohd Adzim Khalili R, Che Abdullah A.B, And Abdul Manaf A: Total Antioxidant Activity, Total Phenolic
Content And Radical Scavenging Activity Both Flesh And Peel Of Red Pitaya, White Pitaya And Papaya.
International Journal of Pharmacy and Pharmaceutical Sciences 04/2012; Vol 4,(Issue 2):113-122.
Mohd Adzim Khalili R, Norhayati AH, et al. Determination of radical scavenging activity and Vitamin A,
C and E in organically grown Red Pitaya (Hylocereus sp.). International Food Research Journal
06/2010; Volume 17.(Issue 2.-ISSN 22317546):405-409.

Nwaoguikpe, R. N. The effect of extract of bitter leaf (Vernonia amygdalina) on blood glucose levels of
diabetic rats. Int. Journal Biology Chemical Science. 2010; 4 (3): 721-729.

Oyugi, D. A, Luo, X, Lee, K. S., Hill, B. and Izevbigie, E. B. Activity markers of the anti-breast carcinoma
cell growth fractions of Vernonia amygdalina extracts. Exp Boil Med (Maywood). 2009; 234 (4): 410-7.
Pan, Y., Wang, K., Huang, S., et al. Antioxidant activity of micro-wave assisted extract of Longan
(Dimocarpus longan lour.) peel. Food chemistry. 2008;106 (3): 1264-1270.

Phyllistin AB, James FB.. Tips for preventing food poisoning “Herbs” American No.1 Guide Natural
health, 3" edn. Publ. Averge, 2000; 9: 383-386.

Richardson MA, et al. Complementary/Alternative Medicine Use in a Comprehensive Cancer Center
and the Implications for Oncology. J. Clin. Oncol.. 2000; 18 (13): 2505—-2514.

Scheck, A. C., Perry, K., Hank, N. C. and Clark, W. D. Anticancer activity of extracts derived from the
mature roots of Scutellaria baicalensis on human malignant brain tumor cells. BMC Complementary
and Alternative Medicine. 2006; 6 (27).

Scheck, A. C., Shapiro, J. R., Coons, S. W., Norman, S. A. and Johnson, P. C. Biological and molecular
analysis of a low-grade recurrence of a glioblastoma multiforme. Clinical Cancer Research : An Official
Journal of the American Association for Cancer Research. 1996; 2 (1):187-99.

Schiffers, R.R. African indigenous vegetables: an overview of the cultivated species. University
Greenwich Press, England. 2000.

Schwartsmann, G., Winograd, B. and Pinedo, H. M. The main steps in the development of anticancer
agents. Radiotherapy and Oncology : Journal of the European Society for Therapeutic Radiology and
Oncology. 1988;12 (4): 301-13.

Turrini, E., Ferruzzi, L. and Fimognari, C. Potential Effects of Pomegranate Polyphenols in Cancer
Prevention and Therapy. 2015.

Yedjou, C., lzevbigie, E. and Tchounwou, P. Preclinical assessment of Vernonia amygdalina leaf
extracts as DNA damaging anti-cancer agent in the management of breast cancer. Int J Environ Res
Public Health. 2008; 5(5): 337-41.

Zakaria ZA, et al. In vitro antistaphylococcal activity of the extracts of several neglected plants in
Malaysia. International Journal of Pharmacology. 2007; 3 (5): 428-431.

Zakaria ZA, et al. In vitro antimicrobial activity of Mutingia Calabura extracts and fractions. African
Journal of Microbiology Research. 2010;4 (4):304-308.

Zanotto-Filho A. et al.The curry spice curcumin selectively inhibits cancer cells growth in vitro and in
preclinical model of glioblastoma. The Journal of Nutritional Biochemistry. 2012; 23 (6): 591-601.

March - April 2016 RJPBCS 7(2) Page No. 1089



