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Abstract: Plants have shown to be valuable source of a variety of drugs for human ailments 

including cancer. Egypt is rich in plant species most of which have not been investigated for 

their biological activities. In the continuing effort to screen Egyptian plants for anticancer 

activity, 20 plants belonging to 5 families were collected from different areas in Egypt. These 

plants yielded 25 extracts and were tested for their anticancer activity using four human 

cancer cell lines, namely HepG2 (hepatocellular carcinoma), MCF-7 (breast adeno 

carcinoma), A549 (lung carcinoma) and HCT-116 (colorectal carcinoma). The selectivity 

index (SI) was evaluated for the promising extracts using human normal immortalized skin 

cell line (BJ-1). Out of the 25 methanol extracts tested, 7 demonstrated potential cytotoxic 

activities on the cancer cells. Leaves extract of Harpophyllum caffrum was the most 

promising as it had an exceptionally high activity on all cancer cell lines with IC50 ranged 

from (21-29µg/ml), with high selectivity index SI= 4.5 against breast cancer cell line (MCF-

7) and showed relatively high selectivity index SI=3.3, 3, 3.3against HepG2, A549 and HCT-

116 respectively. Further studies are also in process to evaluate the anticancer efficacy of 

Harpophyllum caffrum extract in animal models. 

Keywords: In vitro; anti-cancer; Egyptian plants; cell lines. 
 

 

Introduction 

Cancer is a major cause of mortality and morbidity globally. According to recent estimates by the 

World Health Organization1, 2, annual cancer incidence in sub-Sahara in Africa is 551 200 with a mortality of 

421 000 per year (2008)
3, 4

. About 70% of all cancer deaths occurred in lowand middleincome countries
3, 4

. 

The available treatment methods include surgery, chemotherapy, and radiation5. The current available 

methods of treatment mostly induce significant side effects and their efficacy is still below expectation. 

Therefore, the need for alternative therapies has arisen 
6
. Natural products are extremely an important source of 

medicinal agents. Although there are some new approachesin drug discovery, such as combinatorial chemistry 

and computer based molecular modeling design, none of them can replace the importance of natural products in 

drug discovery and development
7, 8

. Many synthetic drugs cause severe side effects that are intolerable and the 

metabolites discovered in medicinal plants may avoid the side effect of synthetic drugs9.Medicinal plants have 

played an important role in the discovery of anticancer drugs10,11.Medicinal plants -used traditionally-are being 

investigated in vitro for their anticancer activity. The potential of natural products as anticancer agents was 

recognized in the 1950s by workers at the U.S. National Cancer Institute, who established a large scale 
screening program using leukemic mice12 and later (1985) set up an in vitro  screening panel  consisting of more  
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than 60 different human tumor cell lines13.Indeed, most of the new clinical applications of plant secondary 

metabolites and their derivatives, over the last half century, have been in the treatment of cancer 
14

.  

There are four main classes of plant-derived anticancer agents in current clinical use; the Catharanthus 

alkaloids, the epipodophyllotoxins, the taxanes and the camptothecines. The Catharanthus alkaloids and several 

of their semi-synthetic derivatives induce metaphase arrest and thereby inhibit mitosis by binding specifically to 

tubulin and causing its de- polymerization15. Vinblastine and vincristine were isolated from C. roseus (L.) G. 

Don (Apocynaceae), formerly Vincarosea L and has been used clinically for over 40 years16. The epipodo 

phyllotoxins bind to tubulin, causing DNA strand breaks during the G2 phase of the cell cycle by irreversibly 

inhibiting DNA topoisomerase II17. Podophyllotoxin was isolated from the resin of Podophyllum peltatum L. 

(Berberidaceae)18 but was found to be too toxic in mice, so derivatives were made; the first podophyllotoxin-

derived drug approved for clinical use was etoposide
19

. 

Ancient herbal medicines may have some advantages over single purified chemicals 
20, 21

. Often the 

different components in an herb have synergistic activities or buffer toxic effects21. This study, therefor, aimed 

to determine the in vitro anticancer potential of some Egyptian plants, as alternative medicine in the treatment 

of cancer. 

Materials and methods 

Plant material: The plants for study were randomly collected from different areas in Egypt. Wild 

plants were collected by the help of Dr. Ashraf Soliman – Faculty of Science– Cairo University & authenticated 

by Prof. Dr.  LotfyBoulos. Cultivated plants were collected and authenticated by Mrs. Teresa Labib - Head 

specialist for plant identification – El-Orman Garden – Giza. Theplant parts collected werebranches, barks, 

leaves, flowers, fruits, herbs and weeds. After collection, plant samples were dried and ground to coarse powder 

(Table 1).  

Extraction: 

Whole plant samples were divided into separate plant parts (leaves [L], branches [Br], fruits [Fr], 

flowers [Fl], bark [B], herb [H], and weed [W]) and dried in solar ovens at 50°C. After complete drying, the 

plant parts were grinded. Powdered plant parts were extracted with methanol at room temperature, using 450 ml 

methanol for 75 g powder. The powder was soaked in methanol at room temperature overnight. The filtrate was 

then dried in a Rotavapour under a vacuum at 40 °C. The extract was then freeze dried (lyophilized) .The 
extracts were placed in glass vials and stored at -20 ºC.  

Cell culture: 

Culture was maintained in DMEM medium (in case of A549), RPMI medium (in case of HCT-116, 

HepG2 and MCF-7), DMEM F12 medium(in case of BJ-1) and supplemented with 10% foetal bovine serum at 

37 oC in 5 %CO2 and 95%  humidity, cells were sub-cultured using trypsin versene 0.15 %.Skin normal human 

cell line (BJ-1) immortalizednormal foreskin fibroblast cell line was kindly provided by Professor Stig Linder, 
Oncology andPathology department, Karolinska Institute, Stockholm, Sweden. Other cell lines were obtained 

fromVacsera (Giza, Egypt). 

Cell viability assay 

After 24 h of seeding 20000 cells per well in case of A-549, HCT-116 and BJ-1,10000 cells per well in 

case of HepG2 and MCF-7 cell lines (in 96 well plates), the medium was changed to serum-free medium 

containing a final concentration of the extracts of 100 µg/ml in triplicates. The cells were treated for 24 h. 100 

µg/ml doxorubicin was used as positive control and 0.5 % DMSO was used as negative control. Cell viability 

was determined using the MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay as 

described by Mosmann 1983 
22

. 

The equation used for calculation of percentage cytotoxicity: (1- (av(x) / (av(NC)))* 100  

Where Av: average, X: absorbance of sample well measured at 595 nm with reference 690 nm, NC: 

absorbance of negative control measured at 595 nm with reference 690. 
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Determination of IC50 values 

In case of highly active extracts possessing ≥ 75 % cytotoxicity on different cancer cell lines and human 
normal cell line, different concentrations were prepared for dose response studies. The results were used to 

calculate the IC50 values of each extract using probit analysis and utilizing the SPSS computer program (SPSS 

for windows, statistical analysis software package / version 9 / 1989 SPSS Inc., Chicago, USA). 

Selectivity Index (SI) 

The selectivity index (SI) indicates the cytotoxic selectivity (i.e. safety) of the crude extract against 

cancer cells versus normal cells (BJ-1, skin human normal immortalized cell line) 
23

. 

SI= IC50 of plant extract in a normal cell line/ IC50 of the same plant extract in cancer cell line. 

Results 

The anticancer effect of methanolic extracts of 25 plant parts against the human cancer cells HepG2, 

MCF-7 A549 and HCT-116   were investigated. Cultures of different cell lines were treated with extracts first at 

one concentration of 100µg/ml and the results showed that 7 plant extracts possessed high activity (75-100%) 

against at least one cancer cell line ( table 1). The anticancer activity profile of the active extracts is summarized 

in table 2. These plant extracts have been further tested for cytotoxicity on human normal cell line (BJ-1) to 

calculate their SI values (table 3). 

Table 1: Cytotoxicity of methanolic plant extracts (100µg/ml) on four human tumor cell lines: 

hepatocellular carcinoma (HepG2), breast carcinoma (MCF-7), lung carcinoma (A549) and colon 

carcinoma (HCT-116). 

Cytotoxicity (%) 

HCT-

116 

A549 MCF-7 HepG2 Part Plant name Family No 

100 100 100 100 Br Anacardiumoccidentale Anacardiaceae 1 

0 75 86 75 Bark Pleiogynumsolandri Anacardiaceae 2 

22 43 97 97 L,Br Pistachia terebinthus Anacardiaceae 3 

14 41 70 30 Bark Shinopsisbalansea Anacardiaceae 4 

16 3 1 0 Fr Pleiogynumsolandri Anacardiaceae 5 

10 30 40 61 L Spondiaslutea Anacardiaceae 6 

3 40 44 46 Bark Spondiaslutea Anacardiaceae 7 

8 53 54 55 Br Harpophyllum caffrum Anacardiaceae 8 

79 75 75 81 L Harpophyllumcaffrum Anacardiaceae 9 

12 47 9 17 L Aberiasp Flacourtiaceae 10 

20 89 30 30 L Albizziastipulat Leguminosae 11 

25 76 46 0 Br Derris robusta Leguminosae 12 

15 70 83 35 Bark Bauhinia variegate Leguminosae 13 

57 22 66 54 L&Fl Adenantherapavonina Leguminosae 14 

22 69 30 60 Br Caesalpiniaferrae Leguminosae 15 

20 24 12 7 L& Br Adenantherapavonina Leguminosae 16 

0 18 0 11 L& Br Acacia seyal Leguminosae 17 

3 46 19 28 Fl Delonixregia Leguminosae 18 

13 41 65 40 L, Fl Derris robusta Leguminosae 19 

8 12 0 0 Herb Abutilonefruticosum Malvaceae 20 

8 26 0 0 Weed Malvaparviflora Malvaceae 21 

0 26 19 9 L Feroniaelephantum Rutaceae 22 

18 40 21 41 L Glycosmispentaphylla Rutaceae 23 

38 39 13 38 Fl Rutagraveolens Rutaceae 24 

0 10 0 0 Br Murraea exotica Rutaceae 25 

Parts: Ap: Br: branch; B: bark; FL: Flowers; Fr: Fruits; L: Leaves; H= herb: weed 
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Table 2: In vitro cytotoxic activity (IC 50 µg/ml) of crude extracts tested against different cancer cell lines 

after24 hours. 

IC50 

HCT-116 A549 MCF-7 HepG2 

Part Plant name No 

46.6±5 44.6±3.7 41.4±2.6 35±4.1 Br Anacardiumoccidentale 1 

- 28.8±3.5 37.3±3 31±6.2 B Pleiogynumsolandri 2 

- 43 ±13.8 - - L Albizzia stipulate 3 

- 31±12.1 - - Br Derris robusta 4 

29±1.9 28.8±1.3 21±1.2 29±2.2 L Harpophyllum caffrum 5 

- - 23±0.52 37±4.5 Br Pistachia terebinthus 6 

- - 31±4.6 - B Bauhinia variegate 7 

37.6±1.5 28.3±1.7 26.1±1.3 21.6±1.2   Doxorubicin Positivecontrol 

Results are represented by means of three replicates. Br: Branch. B: Bark. L: leaves. (-) not tested 

Table 3: The selectivity index (SI) values of the seven active plant extracts. 

SI 

HCt-116 A549 MCF-7 HepG2 

Part Plant name NO. 

0.7 0.7 0.9 0.8 Br Anacardiumoccidentale 1 

- 0.9 0.6 0.7 Bark Pleiogynumsolandri 2 

3.3 3 4.5 3.3 L Harpophyllum caffrum 3 

- - 2.2 1.3 L&Br Pistachia terebinthus 4 

- 2.3 - - L Albizzia stipulate 5 

- 2 - - Br Derris robusta 6 

- - 1.6 - Bark Bauhinia variegate 7 

(-) not tested 

Discussion 

Medicinal plants constitute a common alternative for cancer prevention and treatment in many countries 

around the world
24, 25

. Approximately, 60% of the anticancer drugs currently used have been isolated from 

natural products from the plants. At this time, more than 3000 plants worldwide have been reported to possess 

anticancer properties25. 

In continuation of our search for substances of plant origin with pharmacological effects, we have 

screened 25 plant extracts collected from the different regions of Egypt, for there cytotoxic activity against four 
cancer cell lines, namely; liver cancer cell line (HepG2), breast cancer (MCf-7), lung cancer (A549) and colon 

cancer (HCT-116). Out of 25 screened plant extracts, seven plant extracts (Anacardiumoccidentale, 

Pleiogynumsolandri, Harpophyllum caffrum, Pistachia terebinthus, Albizzia stipulate, Derris robusta, Bauhinia 

variegate) showed potent cytotoxic activity (≥ 75 % cytotoxicity) on the different studied cell lines. These 

extracts were subjected to further bioassaying at lower concentration to calculate their IC50 values and explore 

their cytotoxicity on BJ-1 normal human cell line to evaluate their SI values. The United States National Cancer 

Institute plant screening program, a crude extract is generally considered to have promisingin vitro cytotoxic 

activity if the IC50 is <30–40 µg/mL26. Based on this criteria, only the extract from Harpophyllum caffrum is 

considered highly active (Table 2), with wide selectivity index on breast cancer cell (SI=4.5) and showed 
relatively high selectivity index against liver, lung and colon cancer cells (SI= 3, 3.3 & 3.3 respectively) (Table 

3). The selectivity index of this plant extract is firstly to be reported. The leaves of ethanol extract of H. caffrum 

is reported to exhibit variable anti-inflammatory, analgesic, and antipyretic activities, besides the hepato-
protective, in vitro cytotoxic and anti-microbial activities27. Extracts from various morphological parts of H. 

Caffrum have been reported to contain numerous polyphenolic compounds, protocatechuic acid, kaempferol 

and other flavonoids
28

. Albizzia stipulate and Derris robusta extracts possessed in vitro cytotoxicity on lung 
cancer cell line (A549) (Table 2), but no activity was noticed against other types of cancer cell lines (HepG2, 

MCF-7and HCT-116), with lower selectivity index against lung cancer cell line (SI= 2.3 and 2 respectively) 

(Table 3). To our knowledge, this is the first time to report the in virto cytotoxic activity of A. stipulate and D. 

robusta  extracts  against the four cancer  cell  lines under  investigation  



Salwa M.  El-Hallouty et al /Int.J. PharmTech Res. 2015,8(2),pp 267-272. 271 

 

 

and to detect their selectivity indices. Bauhinia variegate also showed significant activity against MCF-7 (Table 

2), with lower SI against breast cancer cell line (SI= 1.6) (Table 3). In this connection, B. Rajkapoor et al 
29

 
revealed a significant cytotoxic activity of the ethanol extract of Bauhinia variegate against human epithelial 

larynx cancer (Hep 2) and human breast cancer (HBL-100) cells. Pistachio terebinthus extract possessed in 

vitro cytotoxicity on liver and breast cancer cell lines (Table 2), with maximum selectivity regarding breast 
carcinoma (SI= 2.2) and then liver carcinoma (SI= 1.3). From the literature, it was found that the leaves extract 

of Pistachio terebinthus has high antioxidant activity30. The extracts of Anacardium occidentale and 

Pleiogynum solandri showed the selectivity index less than 1 against different cancer cell lines (Table 3) which 

means that these extracts have high cytotoxicity effect on both cancer cells and normal cells (non-selective). Al-

Rashidi et al 31 noted that low toxicity towards normal cells and high toxicity towards cancer cells indicates that 

a plant extract has promising anti-cancer constituents.  

It can be seen that 7extracts (28 %) have shown potential activity on the cancer cell lines. Out of the 7 
extracts, the leaves extract of Harpophyllum caffrum was the most active with IC50= 29, 21, 28.8 & 29 µg/ml, 

against HepG2, MCF-7, A549 and HCT-116, respectively. This plant extract showed high selectivity index 

against different cancer cell lines under investigation. This is an important observation, given that effective 

anticancer drug should demonstrate tumor specificity. Further studies are also in process to evaluate the efficacy 

of this active plant extract as an anticancer agent in animal models. 
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