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Abstract Many natural products from plants have been

identified to exert anticancer activity. It might be expected

to be a challenge to look at the Saudi plants in order to

discover new sources for new molecules which may have

anticancer activity. The methanolic extracts of forty spe-

cies of plants traditionally used in Saudi Arabia for the

treatment of a variety of diseases were tested in vitro for

their potential anticancer activity on different human can-

cer cell lines. The cytotoxic activity of the methanolic

extracts of the tested plants were determined using three

human cancer cell lines, namely, breast cancer (MCF7),

hepatocellular carcinoma (HEPG2), and cervix cancer

(HELA) cells. In addition, human normal melanocyte

(HFB4) was used as normal nonmalignant cells. Sulfo-

rhodamine B colorimetric assay was used to evaluate the in

vitro cytotoxic activity of the different extracts. The growth

inhibition of 50% (IC50) for each extract was calculated

from the optical density of treated and untreated cells.

Doxorubicin, a broad-spectrum anticancer drug, was used

as the positive control. Nine plant extracts were chosen for

further fractionation based on their activity and availabil-

ity. Interesting cytotoxic activity was observed for Hyp-

oestes forskaolii, Withania somnifera, Solanum glabratum,

Adenium obesum, Pistacia vera oleoresin, Caralluma

quadrangula, Eulophia petersii, Phragmanthera austroa-

rabica, and Asparagus officinalis. Other extracts showed

poor activity.

Keywords Plant extracts � In vitro cytotoxic activity �
Sulforhodamine B colorimetric assay � Caralluma

quadrangula � Hypoestes forskaolii � Solanum glabratum

Introduction

The potential of using natural products as a source of

anticancer agents was recognized in the 1950s by the US

National Cancer Institute (NCI) under the leadership of the

late Dr. Jonathan Hartwell. The NCI has made major

contributions to the discovery of new naturally occurring

anticancer agents through its contract and grant support,

including an important program of plant and marine col-

lections. Anticancer drugs, such as the indole alkaloids

vincristine and vinblastine, and podophyllotoxin deriva-

tives etoposide and teniposide, are prominent chemother-

apeutics of plant origin which were obtained either directly

through isolation or derived from lead structures [1].

Therefore, the screening of higher plants for anticancer

agents has been actively pursued on an international scale,

especially by the NCI [2]. The Kingdom of Saudi Arabia is

characterized by its wide area, showing variations in the

climate due to differences in heights, which results in a

wide variation of its flora. Plants of Saudi flora are highly

reputed for their uses in folk and traditional medicine,
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especially those of the mountains of Sarat and Hejaz,

which are characterized by their high contents of active

constituents.

As part of our interest in studying Saudi medicinal

plants for their biological activities [3–6], the antiprolif-

erative activity of forty plants collected from the mountains

of Sarat and Hejaz was tested on three human cancer cell

lines derived from different tissues (breast, liver, and cer-

vix), in addition to the human normal melanocytes (HFB4).

Materials and methods

Plant materials

Forty plants of different families were collected from

Western and Southern areas of Saudi Arabia between

March and April 2009 with the help of Prof. Ahmed S.

Gushash, Faculty of Art, Al-Baha University. Plants were

identified by staff members of the Biology Department,

College of Science, King Abdulaziz University, Saudi

Arabia. Voucher specimens were deposited at the herbar-

ium of the Department of Natural Products and Alternative

Medicine, College of Pharmacy, King Abdulaziz Univer-

sity, Jeddah, Saudi Arabia. Plant materials were air-dried in

the shade and then grounded.

Preparation of the crude plant extracts

Dried powdered plant materials (aerial parts, 50 g each,

unless otherwise stated) were refluxed with methanol

(3 9 150 ml). The solvent was distilled off under reduced

pressure and the methanolic extracts were kept at 4�C for

further biological in vitro tests.

Fractionation of the methanolic extract

The crude methanolic extracts that showed antitumor

activity in the primary in vitro screening against the dif-

ferent cell lines were suspended in a suitable amount of

water and fractionated against petroleum ether, chloroform,

and n-butanol. The previous fractions as well as their

mother liquor were further tested in vitro against the dif-

ferent cell lines.

In vitro cytotoxic screening

The crude methanolic extracts prepared (forty plant

extracts) were tested for their in vitro cytotoxic activity

against four human cell lines, namely, breast cancer cell

line (MCF7), hepatocellular carcinoma cell line (HEPG2),

cervix cancer cell line (HELA), and normal melanocytes

(HFB4).

Cells

Stock culture was grown in T-75 flasks containing 50 ml of

RPMI-1640 medium with glutamine, bicarbonate, and 5%

fetal calf serum. The medium was changed at 48-h inter-

vals and cells dissociated with 0.25% trypsin and the

experimental culture plated in microplates containing

0.2 ml growth medium per well at densities of

1,000–200,000 cells per well. Each plant extract was rou-

tinely tested at five 3-fold dilutions starting at the upper

limit of 250 lg/ml [7] and the culture was incubated for an

additional 48 h.

Cell fixation

Washing culture with buffer prior to fixation to remove

serum protein commonly caused cell detachment and loss.

To avoid this potential problem, the culture was fixed

with cold 50% TCA and was kept at 4�C for 5 min.

Following fixation, the cells were exposed to the stain

procedure.

Dyes

Sulforhodamine B (SRB 0.4% in 1% acetic acid, w/v) has

been used in this study, as mentioned previously by

Skehan et al. [7], for 30 min. After staining, the cells were

rinsed four times with 1% acetic acid to remove unbound

dye and the culture was air-dried. Bound dye was solu-

bilized with 10 mM Tris buffer (pH 10.5) for 5 min with

shaking and the optical density (OD) of both treated and

untreated cells was read on an automated spectrophoto-

metric plate reader at a single wavelength of 515 nm. The

percentage growth inhibition (IC50) was calculated as:

(ave. OD control wells - ave. OD herbal extract wells)/

(ave. OD control wells).

Results and discussion

The methanolic extracts of forty plants belonging to thirty-

five genus and twenty-two families were collected from

Western and Southern areas of Saudi Arabia. The crude

methanolic extracts of the collected plants were tested in

vitro against four human cell lines, namely, MCF7 (breast

cancer cell line), HELA (cervix cancer cell line), HEPG2

(Liver cancer cell line), and HFB4 (normal melanocytes)

(Table 1).

According to the screening program of the NCI, a crude

extract is generally considered to have in vitro cytotoxic

activity if the IC50 value (concentration that causes a 50%

cell kill) is less than 20 lg/ml, or less than 4 lg/ml for pure

compounds [8].
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The results in Table 1 show that twenty-five plants have

an IC50 value of less than 20 lg/ml and three plants

showed an IC50 value of less than 10 lg/ml. Twelve

methanolic extracts were active against the growth inhi-

bition of the HEPG2 cell line, with IC50 values of less than

20 lg/ml. The plant extracts of M. parviflora (IC50 10.5),

Table 1 In vitro cytotoxic activity (IC50 lg/ml) of crude extracts tested against human cancer cell lines

Plant name Sp. No. % yield Family MCF7 HFB4 HEPG2 HELA

Hypoestes forskaolii (Vahl) R.Br. HF1005 17.0 Acanthaceae [62 4.18 29.9 16.3

Aizoon canariense L. AC1300 15.5 Aizoaceae 21.5 ND 24.5 25.7

Aloe sabaea Schweinf. AS1307 15.0 Aloaceae 31.8 [62 21.9 28.1

Pistacia vera L. (oleoresin)a – 80 Anacardiaceae 28.0 12.4 11.3 16.1

Foeniculum vulgare Mill. FV1161 16.5 Apiaceae 26.4 24.3 32.1 31.5

Adenium obesum (Forssk.) Roem. & Schult. AO1013 19.9 Apocynaceae 11.6 5.2 18.7 6.9

Carissa edulis Vahl CE1307 13.4 [62 22.7 20.5 30.3

Asparagus officinalis L. AO1305 17.0 Asparagaceae 19.9 36 23 33

Caralluma tuberculata N.E.Br. Syn. Borealluma tuberculata
(N.E.Br.) Plowes

CT1027 20.0 Asclepiadaceae 25.8 23.6 26.7 24.9

Caralluma russelliana (Courbon ex Brongn.) Cufod. CR1168 14.0 29.8 16.4 19.7 25.9

Caralluma quadrangula (Forssk.) N.E.Br. CQ1301 18.0 13.5 ND ND ND

Huernia sp. Nov. Aff. Boleana Gilb. HB1302 19.0 30.0 30.4 12.5 30.5

Odontanthera radians (Forssk.) D.V.Field OB1303 21.5 [62 53.4 14.7 [62

Pulicaria guestii Rech.f.& Rawi PG1063 16.0 Asteraceae 31.7 18.9 30.5 21.1

Vernonia schimperi Sch.-Bip. VS1054 10.0 [62 18.8 [62 31.1

Cichorium intybus L. CI1051 14.4 27.5 28.4 30.3 16.7

Euryops arabicus Steud. EA1066 17.2 27.6 26.6 [62 28.8

Psiadia punctulata Vatke PP1065 16.8 25.5 45.6 26.9 27.5

Verbesina encelioides Benth. & Hook.f. ex A.Gray VE1053 12 29.2 29.4 -ve 31.1

Kleinia odora DC. KO1056 14.0 [62 17 28.5 12.7

Trichodesma africanum (L.) R. Br. var. africanum TA1015 11.5 Boraginaceae 27.1 29.2 [62 30.7

Heliotropium zeylanicum Lam. HZ1017 13.8 29.4 37.4 40.9 24.7

Alkanna tinctoria (L.) DC. AT1046 17.5 31.6 20 14.1 34.9

Cordia myxa L. (Fruit) CM1225 35.0 [62 31.4 25.9 29.3

Capparis tomentosa Lam. CT1308 13.5 Capparaceae 9.05 23.3 11.7 11.7

Maytenus undata (Thunb.) Blakelock MU1310 11.7 Celastraceae 60 25 21.9 24.3

Maytenus parviflora (Vahl) Sebsebe MP1309 10.0 [62 26.8 10.5 [62

Cucumis prophetarum L var. prophetarum CP1075 8.0 Cucurbitaceae 20 37.1 17.7 38

Euclea schimperi (A. DC.) Dandy ES1311 20.0 Ebenaceae 18.9 54.4 24 28.7

Euphorbia ammak Schweinf. (Latex) EA1169 – Euphorbiaceae [62 14.3 [62 22.1

Euphorbia schimperiana Hochst. ex A.Rich. ES1082 13.0 25.2 31.6 [62 53.1

Marrubium vulgare L. MV1105 12.0 Lamiaceae [62 30.8 19.9 31.1

Crotalaria emarginella Vatke CE1119 13.0 Leguminosae 51.8 17.9 20.7 46.3

Phragmanthera austroarabica A.G.Mill. & J.A.Nyberg A1121 14.5 Loranthaceae 12.1 33 11.8 20.1

Eulophia petersii Rchb. f. EP1312 11.6 Orchidaceae 10.7 38.9 18.4 25.5

Pinus sylvestris L. (oleoresin)a – 80.5 Pinaceae 20.3 47 26 44

Withania somnifera (L.) Dunal WS1154 21.0 Solanaceae 16.5 41.2 ND ND

Solanum villosum (L.) Mill. ssp. Puniceum SV1176 17.1 29.6 17.7 [62 21.9

Solanum glabratum Dunal var. sepicula SG1144 10.5 12.2 14.7 [62 13.7

Peganum harmala L. PH1164 13.4 Zygophyllaceae 49.2 29.2 28.5 28.1

DOX – 4.5 3.96 4.9 3.64

ND not determined
a Purchased from a local herbal store
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P. vera oleoresin (IC50 11.3), C. tomentosa (IC50 11.7),

P. austroarabica (IC50 11.8), Huernia Boleana (IC50 12.5),

and A. tinctoria (IC50 14.1) showed the highest activity.

The HELA cell line showed high sensitivity to A. obe-

sum (IC50 6.9 lg/ml), C. tomentosa (IC50 11.7), K. odora

(IC50 12.7), and S. glabratum (IC50 13.7).

The MCF7 cell line was affected by C. tomentosa (IC50

9.05), E. petersii (IC50 10.7), A. obesum (IC50 11.6),

P. austroarabica (IC50 12.1), S. glabratum (IC50 12.2), and

C. quadrangula (IC50 13.5). Meanwhile, the highest cyto-

toxic extract on HFB4 was observed by H. forskaolii (IC50

4.18), A. obesum (IC50 5.2), P. vera oleoresin (IC50 12.4),

E. ammak (Latex) (IC50 14.3), S. glabratum (IC50 14.7),

and C. russelliana (IC50 16.4).

Based on these preliminary screening results (Table 1),

nine plant extracts were selected for further fractionation

using petroleum ether, chloroform, and n-butanol

(Table 2). The prepared fractions, in addition to the aque-

ous mother liquor left, were retested on the same cell lines

to determine the most active fraction. Bioassay-guided

fractionation using different solvents followed by the sep-

aration of the active compounds with strong cytotoxic

activity will be the subject of future study.

Reports on the genus Hypoestes [9] showed the presence

of phenanthroquinazolidine and phenanthroindolizidine

alkaloids, which were also isolated from the genus Tylo-

phora. Alkaloids of this group have long been targeted for

synthetic modification because of their profound cytotox-

icity [10–12].

Tylophorine isolated from Tylophora sp. has demon-

strated a unique mode(s) of action different from those of

currently known anticancer drugs. One of these actions is

an inhibitory effect on nuclear factor kappa B (NF-jB)

binding-mediated transcription [13]. NF-jB is known as

one mechanism of resistance to chemotherapy because of

an antiapoptotic role [14]. In addition, hypoestoxide (HE),

a novel natural diterpenoid isolated from H. rosea [15],

showed strong anticancer activity [16, 17]. Several diter-

pene ketones were isolated from H. forskaolii [18, 19],

which may be responsible for their cytotoxic activity. The

previously reported studies [10–12, 16, 17] encouraged us

to investigate the active fractions to isolate their active

compounds.

Although the total extract of H. forskaolii, as well as its

subfractions, showed high cytotoxicity against normal

melanocytes (HBF4), we look for further purification of

the active fraction(s) and isolation of the active com-

pounds with possible low toxicity and higher activity.

Further studies could be performed by the synthesis of

related compounds [10–12] to study the SAR in order to

maximize the potency of the isolated compounds by

finding out the functional groups responsible for the

activity and toxicity.

Withania somnifera, also known as Ashwagandha, has

been an important herb in the Ayurvedic and indigenous

Indian medical systems for over 3,000 years. It was

reported [20] that Ashwagandha roots possess antioxidant,

anxiolytic, adaptogen, memory-enhancing, antiparkinson-

ism, antivenom, antiinflammatory, and antitumor proper-

ties. In the present study, the methanolic extract of the

aerial parts showed selective moderate cytotoxic activity

on MCF7 (IC50 16.5 lg). In vitro cytotoxic screening of

different fractions revealed strong activity in petroleum

ether, chloroform, and n-butanol fractions on MCF7 (IC50

8.03, 8.23, and 8.44 lg/ml, respectively). The cytotoxic

activity may be due to the presence of withanolides

[21, 22] found in none to moderately polar solvent fraction

extracts. In addition, cytotoxicity could be attributed to the

presence of steroidal alkaloids reported in the family

Solanaceae [23, 24].

The methanolic extract of A. obesum showed strong

activity against HELA, with an IC50 value of 6.9 lg/ml. At

the same time, it was toxic against the normal cells HFB4,

with an IC50 value of 5.2 lg/ml. Fractionation of the

methanolic of A. obesum revealed that the activity was

recovered in the chloroform and n-butanol fractions with a

cytotoxic effect against all of the tested cell lines. This

effect may be attributed to their content of pregnane and

cardiac glycosides [25, 26]. A. obesum extract was found to

have cytotoxic activity against carcinoma cell lines

[27, 28]. Two pregnanes possessing a 16-en-20-one system

were isolated from the leaves of A. obesum [25], which

exhibited a cytotoxic activity against murine leukemia

P388/S cells. Bioassay-guided fractionation of A. obesum

extract led to the isolation of 17 cardiac glycosides [26].

These compounds showed strong inhibitory activities, as

low as 0.11 lM. The inhibition of the GLI-related protein

expression of five glycosides out of seventeen was

observed against human pancreatic cancer cells (PANC1).

These compounds also showed selective cytotoxicity

against two cancer cell lines, with less of an effect against

normal cells (C3H10T1/2).

Solanum glabratum (Solanaceae) is used traditionally as

a diuretic, for scabies, syphilis, cough, and hemorrhoids

[29]. The cytotoxicity of the total extract of S. glabratum

was tested by Mothana et al. [29] against three human

cancer cell lines, lung cancer (A-427), urinary bladder

cancer (5637), and breast cancer (MCF-7), with IC50 values

of 9.4, 8.6, and 9 lg/ml, respectively. In the present study,

S. glabratum showed IC50 values of between 12 and 15 lg/ml

against the tested cell lines (except HEPG2). On further

solvent fractionation, all of the tested fractions of the

methanolic extract showed good activity against the HELA

cell line (IC50 3.76–5.79 lg/ml). The chloroform and

n-butanol fractions showed also strong activity against all

of the tested cell lines (IC50 3.7–15.8 lg/ml). The plant is
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Table 2 In vitro cytotoxic activity (IC50 lg/ml) of different fractions of selected crude plant extracts tested against human cancer cell lines

Name Fraction % yield Cytotoxic activity against

MCF7 HFB4 HEPG2 HELA

Hypoestes forskaolii Methanol 17.0 -VE 4.18 29.9 16.3

Pet. ether 28.98 10.3 20.6 13.3 10.3

Chloroform 17.56 4.17 5.18 4.57 3.56

n-Butanol 13.86 4.17 5.59 4.98 3.56

Mother liquor 39.6 15.8 22.3 20.6 12.1

Withania somnifera Methanol 21.0 16.5 41.2 ND ND

Pet. ether 8.60 8.03 16.1 12.5 15.1

Chloroform 24.66 8.23 15.8 14.1 10.3

n-Butanol 34.57 8.44 18.6 22.5 14.7

Mother liquor 32.17 12.7 23.9 25.9 17.4

Adenium obesum Methanol 19.9 11.6 5.2 18.7 6.9

Pet. ether 13.07 12.7 21.9 23.1 13.7

Chloroform 35.73 3.15 7.01 4.78 3.15

n-Butanol 40.16 3.56 3.96 4.17 3.15

Mother liquor 11.04 11.9 20.4 22.9 15.6

Solanum glabratum Methanol 10.50 12.2 14.7 [62 13.7

Pet. ether 19.16 12.1 20.2 19.8 5.79

Chloroform 10.50 5.9 5.18 15.8 4.37

n-Butanol 48.82 4.78 9.45 4.98 3.76

Mother liquor 21.52 20.6 18.8 22 15.8

Phragmanthera austroarabica Methanol 14.5 12.1 33 11.8 20.1

Pet. ether 8.82 12.3 19 24.5 15.8

Chloroform 43.84 9.86 21.2 20.2 12.1

n-Butanol 18.60 12.7 23.5 23.8 6.2

Mother liquor 28.74 10.7 17.8 21.7 13.3

Pistacia vera (oleoresin) Methanol 80.5 28 12.4 11.3 16.1

Pet. ether 33.33 13.5 3.56 4.17 3.15

Chloroform 32.00 12.1 17 21.4 19.2

n-Butanol 7.67 10.5 21.4 21 19

Mother liquor 27.00 9.25 15.1 17.8 14.9

Caralluma quadrangula Methanol 18.00 13.5 ND ND ND

Pet. ether 7.12 5.59 22.3 13.9 12.5

Chloroform 6.55 5.59 21.2 19.8 11.9

n-Butanol 55.42 9.25 21.2 15.3 17.2

Mother liquor 30.91 12.1 21.9 22.5 20.9

Eulophia petersii Methanol 16.5 10.7 38.9 18.4 25.5

Pet. ether 6.34 11.1 18.7 11.5 16.6

Chloroform 8.66 3.96 9.25 5.59 4.98

n-Butanol 48.93 10.5 24.3 18.8 14.3

Mother liquor 36.07 12.7 22.3 26.1 13.1

Asparagus officinalis Methanol 19.9 19.9 36 23 33

Pet. ether 5.54 10.3 15.9 10.3 5.79

Chloroform 26.20 4.59 7.26 5.18 4.78

n-Butanol 29.74 12.5 20 22.5 14.7

Mother liquor 38.52 14.3 27.1 20.3 11.5

DOX 4.5 3.96 4.57 3.64

ND not determined
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under phytochemical study in order to isolate its cytotoxic

compound(s).

Phragmanthera austroarabica (Kabsh or Krab) is a

parasitic plant of the mistletoe family (Loranthaceae) [30].

European mistletoe is well known as being highly potent in

curing circulatory problems and as an anticancer agent

[31]. Mistletoe extracts are widely used in complementary

and alternative cancer therapy in Europe due its peptide

content [32, 33]. The methanolic extract showed moderate

activity against MCF7 and HEPG2 (IC50 12.1 and

11.8 lg/ml, respectively). Only the n-butanol fraction

showed the highest activity against the HELA cell line

(IC50 6.2 lg/ml). This effect may be due to its content of

peptides reported on the genus Phragmanthera [32, 33].

Pistacia vera L. (Anacardiaceae) is mainly cultivated in

Iran, Turkey, USA, Greece, and Syria. Pistachio nuts are

usually used as ingredients in the food industry or roasted

and consumed as a snack food. The methanolic fraction of

P. vera oleoresin showed a moderate activity against the

tested cell lines. Among the fractions of the methanolic

extract, n-hexane fraction showed strong cytotoxic effect

(IC50 3.15–4.17 lg/ml) against all of the tested cell lines,

except for MCF7 (IC50 13.5 lg/ml). Its activity could be

attributed to its content of volatile oil [34, 35].

The members of the genus Caralluma are mostly thick,

succulent perennial herbs, eaten raw or cooked as a vege-

table and reported in diabetes and rheumatism [36, 37]. The

methanolic extract of C. quadrangula, as well as its frac-

tions, showed specific and good cytotoxic activity against

the MCF7 cell line only. This activity may be attributed to

its pregnane glycosides content commonly present in the

genus Caralluma [38, 39].

Few studies were reported on Eulophia petersii

(Orchidaceae). Blitzke et al. [40] reported the isolation of five

phenanthrenes from the root of E. petersii: 2,7-dimethoxy-

9,10-dihydrophenanthrene-1,5-diol, coelonin, lusianthridin,

lusianthrin, and 1,5-dimethoxy-phenanthrene-2,7-diol.

Lusianthridin was shown to have cytotoxic activity [41].

Only the chloroform fraction of E. petersii showed

strong cytotoxic activity against all of the tested cell lines

(IC50 3.96–9.25 lg/ml).

Asparagus officinalis is a popular vegetable widely

consumed around the world. In some countries, it has been

used as an anticancer herbal drug for a long time [42]. A

considerable number of chemical constituents, including

flavonoids, oligosaccharides, amino acid derivatives, and

steroidal saponins, have been isolated from its roots and

shoots [42]. Steroidal saponins were shown to be the major

components and suggested to be responsible for the bio-

logical activities of this plant [43]. The chloroform fraction

was shown to be the most potent fraction against all of the

tested cell lines, while n-butanol fraction showed moderate

activity against the MCF7 cell line.

In conclusion, several plants showed promising activi-

ties and further studies will be required and directed to the

most active and specific plants in order to isolate the

cytotoxic compounds.
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