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ABSTRACT

A selected group of 14 medicinal plants was screened for antiproliferative activity against two human leukaemia cell lines Jurkat T and
Wil 2 in vitro. The Trypan Blue assay was used to assess antiproliferative and cytotoxic activity. The five most potent medicinal plants
showed the following order of potency against Wil 2 cell line: Parinari curatellifolia > Aloe barbadensis > Croton gratissimus > Syzi-
gium guineense > Vernonia adoensis with 1Gsgs of 93, 115, 148, 149.8 and 130 pg/ml, respectively. The plants had comparable prolifera-
tion inhibition to the cancer drug doxorubicin. From these species, high levels of cytotoxicity were detected in extracts from Parinari
curatellifolia and Aloe barbadensis to Wil 2 cell line at concentrations of 500 and 1 000 pg/ml. Croton gratissimus, Syzigium guineense
and Vernonia adoensis extracts were found to be antiproliferative and not cytotoxic at the same concentrations. P. curatellifolia extract at
a concentration of 10 pg/ml reduced cell proliferation of Jurkat T cells by 70% after 48 h of incubation. Studies were also carried out
where the extract from P. curatellifolia combined with doxorubicin at concentrations 10 to 0.50 pg/ml were tested for antiproliferative
activity against a Jurkat T cell line. The top five plant extracts had 1Gses of less than 150 pg/ml. The results show that plants used
traditionally for treatment of diseases such as tuberculosis, mycosis and diarrhea can be used to inhibit cell proliferation in leukaemia cell
lines. The extract from P. curatellifolia could be a potential source of lead compounds that may be used as anticancer drugs. The plant
extracts that showed cytotoxicity and inhibition of cell growth will be further characterized to identify the active fractions and compounds.

Keywords: anticancer, Jurkat T cells, Parinari curetellifolia, proliferation, Wil 2 cells, Trypan blue
Abbreviations: ATCC, American type culture collection; DMSO, dimethyl sulphoxide FBS, foetal bovine serum; 1Gsq, growth in-

hibition that bring about 50% reduction in the number of cells RPMI, Roswell Park Memorial Institute

INTRODUCTION

Leukaemia is a cancer of the blood-forming organs where
white blood cells are created in very high numbers at the
expense of other blood cells (Ozawa et al. 1984; Yan et al.
2011). The blood eventually becomes constituted of inade-
quate levels of cells such as red blood cells and platelets
(Szczylik et al. 1991). The body will have no ability to
transport oxygen and nutrients around the body. Acute leu-
kaemia is when the cancer causes the blood forming organs
to produce white blood cells that are not fully differentiated
and is fatal unless treatment is commenced upon diagnosis
because the patient lacks functional white blood cells (Ross
et al. 1994). This type of leukaemia occurs in children, es-
pecially infants. Chronic leukaemia mostly occurs in adults
and in this case the blood forming organs retain their ability
to over-produce fully differentiated cells despite the cancer
(Ross et al. 1994). Leukaemia risk is reported to be in-
creased for subjects with greater than 16 parts per million
(ppm) cumulative exposure a year or with greater than 8
ppm intensity of benzene as shown by (Infante et al. 2006).
There have been 415 reported cases of leukaemia recorded
in Zimbabwe from a population of 12 million people. Zim-
babwe has the 4™ highest number of leukaemia cases in the
southern Africa region (Chokunonga et al. 2005).

The current treatment of leukaemia is anticancer drug-
based chemotherapy, biological therapy and bone marrow
stem cell transplants (Liu ef al. 2004). Chemotherapy uses
one or more drugs to destroy cancer cells, and is often
accompanied by the development of drug resistance and
severe side effects (Yan ez al. 2011). Therefore, it becomes
imperative to develop other potential therapeutic agents for

the treatment of the disease. One approach to discover
novel lead compounds against cancer is the consideration of
ancient ethno-medicinal knowledge and the investigation
and screening of locally available natural resources (Ozmen
et al. 2010). Doxorubicin, vinblastine, vincristine and cis-
diamminedichloroplatinum(II) (CDDP) represent some of
the current standard chemotherapeutic drugs used in the
treatment of solid and blood cancers (Glass et al. 2003).
The drugs vinblastine and vincristine have been isolated
from Catharanthus roseus (rose periwinkle), a wild plant
native to Madagascar (Gaines 2004). The identification of
plant compounds with anticancer properties is vital for can-
cer research. Although there are many therapeutic strategies
to treat leukaemia, high systemic toxicity and drug resis-
tance limit successful outcomes in most cases (Liu ef al.
2004). Accordingly, searches have intensified to find novel
compounds for leukaemia drug development. In drug dis-
covery or drug assessment using cell lines, researchers aim
to find compounds that lead to the triggering of apoptosis in
diseased cells such as cancer or HIV infected cells (Klos et
al. 2009). A candidate drug is, therefore, introduced to the
cells and its effects ascertained. The most favourable is a
compound that is potent at low concentrations and discrimi-
nates between diseased and normal cells (Cochrane et al.
2008).

The combination of phytochemicals with chemothera-
peutic drugs which enhance drug efficacy while reducing
toxicity to normal tissues could be one such approach to
cancer treatment (Li ez al. 2009). In addition, it has also
been suggested that the combined effect of natural products
may improve the treatment of proliferating cancer cells
(Cheah et al. 2009). Several herbs and plants with diver-
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Table 1 Plants that were used in this study, their ethnobotanical uses in Zimbabwe and other countries.

Family Plant name and Authority Vernacular Voucher Traditional medicinal uses of plants
name number

Fabaceae Cajanus cajan (Druce) NSE7 Stomach ailments (Iwawela et al. 2007).

Myrtaceae Callistemon citrinus (Curtis Skeels) UZ2E7 Hemorrhoid treatment (Oyedeji et al. 2009).

Combretaceae Terminalia pruniodes (Lawson) Mudziyashe N6E7 Diarrhea (Ruffo et al. 1991).

Asphodelaceae Aloe barbadensis (Mill.) Gavakava NI11E7 Sap is used to treat skin rushes and the leaves are prepared
and used to treat tuberculosis (Chokunonga et al. 2004).

Combretaceae Combretum apiculatum (L.) Muruka C9E7 Coughs,diarrhea,snake bites stomach ache (Ruffo ez al.
1991).

Araliaceae Cussonia natalensis (Sond ) Mutobvi UZ9E7 Diarrhea (Ruffo et al. 1991).

Euphorbiaceae Croton gratissimus (Burch) Gunukira UZI13E7 Malaria, rabies, gonorrhea, wounds, Ascariasis, internal
worms (Iwawela et al. 2007).

Euphorbiaceae Euphorbia tiraculli (L.) NI10E7 Removal of benign moles using the latex (Iwawela et al.
2007). Rabies treatment.

Chrysobalanaceae  Parinari curatellifolia (Planch ex Benth) Muhacha C6E7 Facilitates conception in women (Chigora et al. 2007).

Myrtaceae Syzigium guineense (Will D.C) Mukute CI12E7 Tuberculosis, fevers (Chigora et al. 2007).

Anacardiaceae Rhus lancea (Barkely) Muchokochiana C11E7 Stomach ailments, fevers (Chokunonga ez al. 2004).

Fabaceae Xeroderris stuhlmanni (Mend) Murumanyama  C4E7 Stomach ailments (Iwawela et al. 2007).

Asteraceae Vernonia adoensis (Bip ex Walp) Musikavakadzi ~ C1E7 Induce birth or carry out abortions (Iwawela et al. 2007).

sified pharmacological properties are known to be rich
sources of chemical constituents that may have potential for
the prevention and/or treatment of several human cancers
(Mesquita et al. 2009). Humans have used plant products
for centuries as spices and flavourings with no observed
side effects (Iwawela et al. 2007). In recent years humans
have incorporated the use of herbs and plant products in
disease treatment (Iwawela et al. 2007). This mixture of
some herbal medicines with conventional medicines tends
to have negative results. Any potential drug must, therefore,
be preclinically assessed for its interaction with the conven-
tional medicine of that field (Szliska ef al. 2008).

Natural plant product extracts have been identified as
possible anticancer agents as they exhibit antimutagenic and
antiproliferative characteristics (Pinmai et al. 2008). Most
(70%) of all present antileukaemia drugs have been derived
from plant compounds or their derivatives (Pujol et al.
2007). In order to find alternative ways to treat cancers,
there is a need to evaluate plants with ethno-medicinal his-
tory and to examine the mechanisms responsible for the
anticancer effects of plant-based drugs (Leong ef al. 2011).
The present study, therefore, was aimed at investigating the
effect of 14 Zimbabwean medicinal plants on leukaemia
cell lines Wil2 and Jurkat T-cells. This study was carried out
in order to identify novel therapeutic compounds for pos-
sible leukaemia drug discovery and development.

MATERIALS AND METHODS
Cells and reagents

Two human cell lines were used for antiproliferative screening.
ECACC strain Jurkat E6 (T-cell lymphocytic cell line) cells pur-
chased from Sigma Aldrich, Germany and an ATCC strain Wil 2
(B cell lymphocytic cell line) was a kind gift from Professor Mam-
puru from the University of Limpopo, South Africa. The 14 plants
listed in Table 1 were collected from three provinces in Zimbabwe
namely, Mashonaland West, Mashonaland Central and Metropoli-
tan and identified by a taxonomist, Mr Chris Chapano, of the
National Botanical Garden of Zimbabwe. Voucher specimens were
deposited at the Biochemistry Department at the University of
Zimbabwe. Doxorubicin, RPMI 1640 Medium, penicillin strepto-
mycin, dimethyl sulfoxide, methanol and all other chemicals were
purchased from Sigma-Aldrich (Taufkirchen, Germany).

Cell culture

Cell lines Wil 2 and Jurkat T were cultured in RPMI 1640 medium
supplemented with 10% foetal bovine serum (FBS) and 1% peni-
cillin and streptomycin cocktail. Cells were inspected and counted
using a haemocytometer daily for growth assessment and contami-
nation checks. Cells were incubated in a 2406 Shel Lab carbon

dioxide incubator (Sheldon Mfg., Cornellius, USA) with 5% car-
bon dioxide at 37°C. The trypan blue dye exclusion assay was
used to monitor cell viability. Cells that absorbed the dye and
appeared blue under an inverted microscope were considered dead
(Masters 2000).

Preparation of methanolic extracts

The samples were separated according to the part of the plant such
as leaves, roots stem and bark. Samples were separately dried in
an oven at 50°C and ground to a fine powder using a two-step
electric blender (Cole Parmer Instrument Co., Vernon Hills, USA).
The ground powder was placed in a 200-ml flask containing 100
ml of methanol. The flask was left shaking overnight in an incu-
bator at 100 rpm for maximum extraction to occur (Cochrane ef al.
2008). The sample was then filtered through Whatman 2® paper
(Sigma Aldrich, Taufkirchen, Germany). The filtrate was fan dried
until only sludge remained. The sludge was weighed and then re-
dissolved in 10 ml of DMSO and the concentration noted. The
extract was then stored at -20°C until required.

Antiproliferative and cytotoxic assays in vitro

Wil2 and Jurkat T cells were seeded in 6 well COSTAR™ culture
plates, Corning, St Louis, USA) at a density of 800,000 cells/well.
The methanolic extracts were then dissolved in DMSO to the
concentrations of 0, 50, 100, 250, 500 and 1000 pg/ml. Doxorubi-
cin as the positive control was used at 10 pg/ml. The various con-
centrations were added to the culture wells in triplicate. Samples
were collected at 1, 3 and 6 h and viable cells counted using the
trypan blue dye exclusion assay. Plant extract effectiveness was
assessed by the IGsy to determine the concentration for 50%
growth inhibition. These are interpolated values from the dose-
response graphs. Preliminary anticancer screening results showed
that the extract from Parinari curatellifolia had the highest anti-
proliferative activity at a concentration of 50 pg/ml. Further work
was then carried out to elucidate the lowest concentration of this
extract that could be potent against the leukaemia cell lines.
Methanolic extracts from P. curatellifolia were dissolved in
DMSO into test concentrations ranging from 0.50 to 10 pg/ml.
The different concentrations of extracts from P. curatellifolia were
screened for their ability to inhibit Jurkat T and Wil2 cell growth
as described above. The positive control was doxorubicin used at
concentrations of 0, 0.50, 1.25 and 10 pg/ml. The Trypan blue dye
exclusion assay was used for counting viable cells (Naranyanan et
al. 2005). The response parameter 1Gsy was calculated to deter-
mine the concentration for 50% growth inhibition of tumor cells.

Drug and plant extract combinations

Once cell population reached 2 x 10° cells/ml, cells were seeded in
6-well COSTAR culture plates (COSTAR, St. Louis, USA). The
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Fig. 1 Wil 2 antiproliferation activity of plant extracts. Parinari curatellifolia (A), Aloe barbadensis (B), Syzigium guineense (C), Croton gratissimus
(D) and Vernonia adoensis (E) on Wil2 cells over a period of 24 h (A, B, C, D and E respectively). Statistics: s-test, * P < 0.05, ** P < 0.01, *** P <
0.001. Readings were carried out in triplicate and each point represents the mean + standard deviation.

drug, doxorubicin and the extract from P. curatellifolia were added
to each flask at 10, 1.25, 1.00 and 0.50 pg/ml and placed in the
incubator for 48 h. The cells were then counted using the Trypan
blue dye exclusion assay. The combination index (CI) was then
calculated using the formula:

Inhibition of plant extract + doxorubicin

CI x 100 %

Inhibition of doxorubicin

The CI values were then interpreted as follows: < 0.5: syner-
gism; > 0.5 to 1.0: no interaction; and 1.0 to 4.0: antagonism
(Zhao et al. 2004).

Statistical analysis

Linear regression analyses were used to determine the IGs, of the
plant extracts, the concentration that inhibits cell proliferation by
half. Numerical data for treatment of cells were analysed using the
Student’s #-test using Graphpad™ version 4 for Windows (Graph-
pad™ Software Inc., San Diego, California, USA). P values of
0.05 or less were reported as significant.

RESULTS
Antiproliferative activity in vitro

Of the 14 plant extracts screened, 5 were found to have the
highest proliferation inhibition activity. The criterion for
potency was considered as the lowest extract concentration
that could inhibit proliferation by at least 50% in the shor-
test period of time. Upon observing that this criterion was
met after 3 h of incubation as shown in Fig. 1, the cut-off

Table 2 The effects of combining Parinari curatellifolia extract and doxo-
rubicin on Jurkat T cells.

Concentration (ug/ml) Index Interpretation
10 0.00 Synergism
1.25 0.60 No interaction
1.00 0.54 No interaction
0.50 0.60 No interaction

Key: values < 0.5 synergism, > 0.5 to 1.0 no interaction and 1.0 to 4.0 antago-
nism (Zhao et al. 2004).

period was then set at 3 h. The 5 extracts where found to
potent in the order: Parinari curatellifolia > Aloe barba-
densis > Croton gratissimus > Syzigium guineense > Ver-
nonia adoensis against Wil 2 cells. Extracts from the 5
plants were approximately 1.5-, 2-, 1-, 1- and 1-fold more
effective on Wil 2 cells than 10 pg/ml doxorubicin, as
shown in Table 2. For the extracts from P. curatellifolia and
A. barbadensis, there was an unexpected significant in-
crease in proliferation at concentrations from 50 to 200
png/ml. S. guineense, C. gratissimus and V. adoensis extracts
displayed dose-dependent effects on cell proliferation. The
concentrations resulting in 50% growth inhibition (IGs,) for
these species against the cell line Wil 2 are shown in Fig. 2.

The highest inhibition activity (IGso< 100 pg/ml) was
shown by the extract from P. curatellifolia which had a IGs
of 93 ng/ml. The extracts from P. curatellifolia and A. bar-
badensis reduced cell proliferation by 50% and by 100% at
94 and 500 pg/ml, respectively. Concentrations of 500 and
1000 pg/ml of P curatellifolia and A. barbadensis were
cytotoxic to Wil 2 cells inhibiting proliferation by 100% as
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shown in Fig. 3A and 3B. The extracts from C. gratissimus,
S. guineense and V. adoensis inhibited Wil 2 cell prolifera-
tion by 96, 59 and 51% at 1000, 200 and 50 pg/ml, respec-
tively. Extracts from C. gratissimus, S. guineense and V.
adoensis exhibited a dose- and time-dependent effect on
proliferation of the Wil 2 leukaemia cell lines with IGsys of
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Fig. S The effect of plant extract on Jurkat T cell viability and anti-
proliferative effect of extracts from Cajanus cajan and Euphorbia
tiraculli on A, B and C respectively. Statistics: #-test,* P < 0.05, ** P <
0.01, *** P <0.001. Number of readings (n = 3) and each point represents
the mean + standard deviation.

148, 149 and 130 pg/ml, respectively, as shown in Fig. 3C-
E and Table 2.

The effect of plant extracts was also investigated on
Jurkat T cells. Lower concentrations of P. curatellifolia ex-
tract inhibited proliferation of Jurkat T cells after 24 h of
incubation as shown in Fig. 4. Concentrations of P. cura-
tellifolia extract below 50 pg/ml exhibited potency after
longer periods of incubation as compared to the effects seen
with the high concentrations as shown in Fig. 4. The extract
from C. cajan was not effective in terms of inhibiting Jurkat
T cell proliferation as shown in Fig. SA and 5B. C. cagjan
extract exhibited significant antiproliferative activity only at
a concentration of 1000 pg/ml after 24 h of incubation.
Euphorbia tiraculli (E. tirucalli) extract was antiprolifera-
tive against Jurkat T cells in a dose-dependent manner after
a short exposure time as shown in Fig. 5B. After 24 h ex-
posure time, however, the extract from E. tirucalli at a con-
centration of 50 pg/ml had a significantly higher prolifera-
tive effect against Jurkat T cells than preceding concentra-
tions as shown in Fig. SB. Combining the P. curatellifolia
extract with doxorubicin increased proliferation inhibition
in Jurkat T cell as compared to the inhibition observed with
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doxorubicin alone as shown in Fig. 4. The extract from P,
curatellifolia was not as effective at inhibiting proliferation
at low concentrations of 10, 1.25, 1.00 and 0.50 pg/ml as
the effectiveness of doxorubicin at the same concentrations.

In vitro combination assay

Synergism was observed at concentrations of 10 pg/ml of P.
curatellifolia and doxorubicin while the other concentra-
tions showed no interaction in terms of proliferation in-
hibition.

DISCUSSION

Ethnobotanical knowledge is an important tool in drug dis-
covery and development (Roberson 2008). For example,
without ethnobotany the novel HIV drug prostatin would
not have been discovered (Williams et al. 2004). The most
prominent discovery in terms of cancer treatment was that
of the highly effective anticancer drug agents vinblastine
and vincristine, that were isolated from Catharanthus roseus
commonly known as rose periwinkle, a wild tree native to
Madagascar (Roberson 2008). Traditional medical practises
in Zimbabwe use various plants for the treatment of dis-
eases (Chigora et al. 2007). However, there is a general loss
of traditional medicinal knowledge due to destruction of
plant resources. Since every medicine has a toxic dose, we
elected to examine extracts from Zimbabwean medicinal
plants, for cancer cell antiproliferative and cytotoxic proper-
ties. These plants were selected on the basis that they were
shown to have exhibited antifungal properties (Mangoyi
and Mukanganyama 2010).

The present study showed that five plant extracts had
significant antiproliferative activity against leukaemia cell
lines Wil2 and Jurkat T as compared to the drug doxorubi-
cin. P. curatellifolia and A. barbadensis extracts at 500 and
1000 pg/ml were able to induce death in Wil 2 cells. This
could mean that these concentrations were lethal against
Wil 2 cells. The extract from C. cajan was cytotoxic against
Jurkat T cells at 500 and 1000 pg/ml.

The extract from Parinari curatellifolia had the lowest
1G5y of 93 png/ml against Wil 2 cells after 1 h of incubation.
Extracts from P. curatellifolia have moderate antiprolifera-
tive effects against breast cancer cell lines (Fouche et al.
2009). This property could be attributed to the high levels
of ent-kaurene terpenoids that have been isolated from P.
curatellifolia leaves (Rundle et al. 2001). P. curatellifolia
Benth root bark collected from Zimbabwe was found to
have cytotoxic ent-kaurene diterpenoids 15-oxozoapatlin,
13-methoxy-15-oxozoapatlin and 13 hydroxy-15-oxozoa-
patlin. These three compounds were cytotoxic against A431
human epidermoid carcinoma cell line at 0.3-0.6 mM (Lee
et al. 1996). The extract inhibited cell cycle progression in
breast cancer cell lines that had defective p53 as shown by
Lee et al. (1996). There are high levels of terpenoids pre-
sent in P. curatellifolia leaves. The terpenoids could be res-
ponsible for inhibiting cancer cell proliferation. This com-
pound was found to show selectivity for leukaemia cell
lines (Fouche et al. 2009). P. curatellifolia extract at 500
and 1000 pg/ml had cytotoxic effects on Wil 2 cells. A-
Ithough the lower concentrations inhibited proliferation,
only the high concentrations of P. curatellifolia extract were
lethal to Wil 2 cells. Phytochemical constituents in P. cura-
tellifolia include alkaloids, flavonoids, digitalis glycosides,
terpenes and steroids (Peni er al. 2010). The combined
effects of these compounds may explain the lethality ob-
served in Wil 2 cells.

A. barbadensis extract at 500 pg/ml was cytotoxic
against Wil 2 cells whilst it had an 1Gsy of 115 pg/ml. A4.
barbadensis is traditionally used for easing labour and
abortion as it has anti-inflammatory activity (Mukesh et al.
2010). In Zimbabwe, extracts from the plant are used to
treat skin infections and tuberculosis (Chigora et al. 2007).
Most compounds that exhibit anti-inflammatory properties
have been found in most work to display anticancer activity

(Iwawela et al. 2007). Aloe emodin is an anthraquinone that
has been isolated from A. barbadensis (Ni et al. 2004). This
anthraquinone could be involved in the inhibition of pro-
liferation as these compounds have been reported to bring
about cell cycle arrest in cervical cancer cells (Guo et al.
2007). Aloe emodin inhibits endothelial cell proliferation
but this effect is not cell specific since aloe emodin has also
been found to inhibit tumor cell proliferation (Cardenas et
al. 2006). The cytotoxicity of 4. barbadensis could be
attributed to the anthraquinone aloe-emodin which has been
found to induce apoptosis in T24 human bladder cells (Lin
et al. 2006). Glycoproteins (lectins) and polysaccharides
such as acemannan have been found to have anti-cancer
effects on in vitro models (Reynolds et al. 1999). Other
active principles of this plant have been shown to inhibit
other cancer cell lines such as Ehrlich ascite carci-noma cell
(EACC) and in acute myeloid leukemia in the order barba-
loin > aloe-emodin > octapeptide > aloesin (Joseph and Raj
2010).

The extract from V. adoensis exhibited antiproliferative
activity that was comparable to that of the anticancer drug
doxorubicin as shown in Fig. 1E. V. adoensis extract had an
IG5 of 130 pg/ml against Wil 2 cells. V. adoensis is from
the family Asteraceae whose members are high in sesqui-
terpene lactones. The high levels of these lactones have
been found to correlate with high antiproliferative activity
(Fouche et al. 2008). This plant has been found to be high
in glaucolides, sesquiterpene lactones that are found to relax
muscles (Kupcham et al. 1969). The glaucolides and
sesquiterpene lactones could be the antiproliferative agents
of the plant. Glaucolides have been found to display anti-
proliferative activity against human ovarian cancer cell
lines (Khalafalla et al. 2009). The sesquiterpene lactone
taxol is a well established cancer drug (Kupcham et al.
1969). V. amygdalina (Compositae) is an African medicinal
plant well known for producing the anticancer agents ver-
nodaline and vernolide (Kupcham ef al. 1969). Water and
ethanol extracts of Vernonia amygdalina killed off the
majority (50-75%) of abnormal cells among primary cells
harvested from 3 patients with acute lymphoblastic leukae-
mia (ALL) (Khalafalla et al. 2009).

The extract from C. gratissimus, also known as C. Zam-
besicus, at 1000 pg/ml had an antiproliferative activity 1.2-
fold more than that of doxorubicin (Fig. 1C). C. gratissimus
belongs to the family Euphorbiaceae which has been found
to have anti-inflammatory and pain-relieving properties
(Iwawela et al. 2007). The genus Croton is well known for
its diterpenoid content and different types of diterpenes
(phorbol esters, clerodane, labdane, kaurane, trachylobane,
pimarane) have been isolated from this genus (Giddy ef al.
2007). It is possible that the diterpenoid content could be
responsible for the antiproliferative activity observed in this
study. Diterpenoids have been shown to inhibit cell cycle
progression of breast cancer cell lines in vitro (Block et al.
2002). Few studies are reported in the literature on the
antiproliferative effects of C. gratissimus. Cembranolides
from the stem bark have been shown to have moderate acti-
vity against ovarian cancer cell lines (Mulhollad er al.
2010). Diterpenes from the dichromethane extract of the
leaves were shown to have cytotoxic activity on HeLa cells
(Okokon and Nwafor 2010).

S. guineense is traditionally used to treat stomach aches
and diarrhea (Tsakala et al. 1996; Hamil et al. 2000). Ten
novel triterpenoids such as betulinic acid, oleanolic acid,
asiatic acid, arjunolic acid and hydroxyasiatic acid have
been isolated from Syzigium guineense (Djoukeng et al.
2005). Betulinic acid is one of the triterpenes that have been
isolated from S. guineense to date; it is a natural product
with a range of biological effects and potent antitumor acti-
vity. Betulinic acid has been shown to induce apoptotic cell
death by triggering the mitochondrial pathway of apoptosis
(Fulda et al. 2008). The extract from S. guineense has the
ability to reduce hyperglycaemia, a property that has also
been found in the extract of Catharanthus roseus. C. roseus
is the source of the highly effective antileukaemia drugs, the
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vinca alkaloids vincristine and vinblastine (Roberson 2008).
Therefore, S. guineense might possess similar compounds
to C. roseus that are responsible for anticancer activity. The
high levels of triterpenoids may play a role in the antipro-
liferative effect observed as triterpenoids have been found
to have high anticancer against breast, lung and colon can-
cer cell lines (Fernandes ez al. 2000).

Cajanus cajan at 1000 pg/ml was cytotoxic against
Jurkat T cells in this study. C. cajan, commonly known as
pigeon pea, has edible pods that are eaten in tropical areas.
An antifungal peptide has been isolated from C. cajan; this
peptide has an antiproliferative effect toward leukaemia
cells (Shirataki et al. 2004). Two isoprenylated isoflavone
phytoalexins have been isolated from C. cajan. Isoflavones
have been shown to inhibit proliferation of cancer cells
(Dahiya et al. 1984). Isoflavones from Saphora sp. have
shown cytotoxicity and tumor specificity against squamous
cell carcinoma and submandibular gland carcinoma (Shira-
taki et al. 2004). The isoflavone, genistein inhibits cell
growth in breast and prostate cancer cells in vivo and in
vitro (Sakar et al. 2006). Genistein has been found to regu-
late genes that are critical for the control of cell prolifera-
tion, cell cycle, apoptosis, transcription regulation and cell
signal pathways (Shirataki ez al. 2004).

E. tirucalli extract inhibited proliferation of Jurkat T
cells in a dose-dependent manner as shown in Fig. 4. E.
tirucalli, commonly known as pencil plant or milk bush, has
been found to have ingenol esters which are polyfunctional
triterpenoids. The extract has been used traditionally for
treatment of warts and cancers in Brazil, Indonesia, Halabar
and Madagascar (Cataluna et al. 2000). Major constituents
are diterpenes from the tigliane (phorbol ester) and from the
ingenane (ingenol ester). The plant contains terpenoids such
as cycloartanol, euphorcinol and euphorginol (Khaleghian
et al. 2010). These terpenoids are antileukemic agents
(Valadares et al. 20006). E. tirucalli ethanol extract has been
found to modulate myelopoesis and reduce spleen colony
formation of tumors (Valadares et al. 2006). E. tirucalli

reduction of tumours may be related to its antitumor activity.

Extract from Euphorbia peplus tested against cancer cells
taken from 8 patients with acute myeloid leukaemia killed
56% and 95% of cancer cells at top and end of the scale
(Yadav et al. 2002). Euphorbia peplus methanolic extract,
known as petty surge, has been found to activate protein
kinase C which triggers controlled cell death in acute mye-
loid leukaemia cells (Yadav et al. 2002).

The plants whose extracts exhibited the most antipro-
liferative activity were collected from the Mashonaland
West province of Zimbabwe which is 1100 m above sea
level. This observation could mean plants collected from
different areas could have different compounds present in
them. Callistemon citrinus, an ornamental plant collected
from Australia, Egypt and South Africa have been found to
contain different proportions of oils and secondary meta-
bolites. The differences can be attributed to differences in
generics and geographic/environmental conditions (Oyedeji
et al. 2009).

CONCLUSIONS

This study has shown that methanolic plant extracts from P.
curatellifolia (leaves), A. barbadensis, C. gratissimus, V.
adoensis (leaves), S. guineense (leaves), C. cajan (leaves)
and E. tirucalli (leaves) have antiproliferative effect against
leukaemia cell lines in vitro. The results show that the
ethnobotanical pre-screening of medicinal plants for drug
discovery could yield useful therapeutics and the extract
from P. curatellifolia could be a potential source of lead
compounds that could be used as anticancer drugs. Our data
supports the chemotherapeutic potential of medicinal plants
from Zimbabwe against leukaemia cell lines in vitro. There
is need to carry out isolation and identification of the com-
pounds by cytotoxicity-guided fraction and this is work
under evaluation. There is need to promote conservation of
these plant species and to encourage local farmers in the

new resettlement schemes to consider agroforestry.
ACKNOWLEDGEMENTS

The authors would like to thank the International Funding for Sci-
ence (IFS-F/3413-02) and International Program in the Chemical
Sciences (IPICS- ZIMO1) for providing with funding for the
research. We would like to gratefully acknowledge part-funding
from the Academy of Sciences for the Developing World (TWAS)
RGA-05-075 RGBIO/AF/AC), Trieste, Italy. The authors would
also like to thank Mr. Christopher Chapano, of the National Bota-
nical Garden, Harare, Zimbabwe for the assistance in the taxono-
mical identification of some plant species.

REFERENCES

Anwar MM, Kalpana MA, Bhadra B, Rahman S, Sarker S, Chowdhury
MH, Rahmatullah M (2010) Antihyperglycemic activity and brine shrimp
lethality studies on methanol extract of Cajanus cajan (L.) Millsp. leaves and
roots. Advances in Natural and Applied Sciences 4, 311-316

Block S, Stevingy C, De Paw-Gillet MC, de Hotman E, Llabres G, Adjakije
V, Quetin-Ledereq J (2002) Ent-trachyloban-3a-ol, a new cytotoxic diter-
pene from Croton Zambezicus. Planta Medica 68, 647-649

Cardenas C, Quesada AR, Medina MA (2006) Evaluation of the anti-angio-
genic effect of aloe-emodin. Cellular and Molecular Life Sciences Journal 63,
3083-3089

Cataluna P, Rates SMK (2000) The traditional use of the latex of Euphorbia
tirucalli Linneus in the treatment of cancer in Southern Brazil. Phytomedical
Toxicology Journal 7, 65-78

Cheah YH, Nordin FJ, Sarip R, Tee TT, Azimahtol HLP, Sirat HM, Rashid
BAA, Abdullah NR, Ismail Z (2009) Combined xanthorrhizol-curcumin ex-
hibits synergistic growth inhibitory activity via apoptosis induction in human
breast cancer cells MDA-MB-231. Cancer Cell International 9, 1

Chigora P, Masocha R, Mutenheri F (2007) The role of indigenous medi-
cinal knowledge (IMK) in the treatment of ailments in rural Zimbabwe: The
case of Mutirikwi woodlands. Journal of Sustainable Development in Africa
9,26-43

Cochrane BC, Nair PKR, Melnick SJ, Resek AP, Ramachandran C (2008)
Anticancer effects of Annona glabra plant extracts in human leukaemia cell
lines. Journal of Anticancer Research, 28, 965-972

Dahiya S, Strange RN, Bilyard KG, Cooksey CJ, Garrat PJ (1984) Two iso-
prenylated isoflavone hytoalexins from Cajanus cajan. Journal of Phytothe-
rapy 23, 871-874

Demirtas I, Sahin A, Ayhan B, Tekin S, Telc I (2009) Antiproliferative effects
of the methanolic extracts of Sideritis libanotica Labill. subsp. linearis. Rec-
ords of Natural Products 3, 104-109

Djoukeng JD, Abou-Mansar E, Tabacchi R, Tapondjou HB, Lontsi D
(2005) Antibacterial triterpenes isolated from Syzigium guineense (Myrtceae).
Journal of Ethnopharmacology 101, 283-286

Fernandes J, Oliveira R, da Costa M, Wagner-Souzac K, Kaplanb AMC,
Gattass CR (2000) Pentacyclic triterpenes from Chrysobalanaceae species:
Cytotoxicity on multidrug resistant and sensitive leukaemia cell lines. Trends
in Biochemistry 45, 114-119

Fouche G, Senabe J, Khorombi E, Kolesrukova N, Maharaj VJ, Ntham-
beleni R (2009) High throughput screening of South African plants for anti-
cancer properties. CSIR Biosciences 119, 455-461

de Mesquita ML, de Paula JE, Pessoa C, de Moraes M, Costa-Lotufo LV,
Grougnet R, Michel S, Tillequin F, Espindola LS (2009) Cytotoxic activity
of Brazilian cerrado plants used in traditional medicine against cancer cell
lines. Journal of Ethnopharmacology 123, 439-445

Gaines JL (2004) Increasing alkaloid production from Catharanthus roseus
suspensions through methyl jasmonate elicitation. Pharmaceutical Engineer-
ing 24, 1-6

Glass DC, Gracy CN, Jolley DJ, Gibbons C, Sim MR, Fritschi L, Adams B,
Bisby JA, Manuell R (2003) Leukaemia: The disease. Journal of Epidemiol-
ogy 14, 569-577

Guéritte F, Fahy J (2005) The Vinca alkaloids. In: Cragg GML, Kingston D,
Newman DJ (Eds) Anticancer Agents from Natural Products, Taylor and
Francis, Boca Raton, FL, pp 123-136

Infante P (2006) Identifying and preventing hazards in the environment and at
work: benzene exposure and multiple myeloma. Annals of the New York
Academy of Science 1076, 90-109

Iwawela OE, McGaw LJ, Naidoo V, Eloff JN (2007) Inflammation: The foun-
dation of disease and disorders: A review of phytomedicines of Southern
Africa origin used to treat pain and inflammatory conditions. African Journal
of Biotechnology 6, 2868-2885

Joseph B, Raj SJ (2010) Pharmacognostic and phytochemical properties of
Aloe vera Linn. - an overview. International Journal of Pharmaceutical Sci-
ences Review and Research 4, 106-110

Kakizaki I, Ookawa K, Hayakari M, Aoyagi T, Tsuchida S (2009) Induction
of apoptosis and cell cycle arrest in mouse colon 26 cells by benastatin A.



Effects of Zimbabwean medicinal plants on leukaemia cell lines. Mukanganyama et al.

Japanese Journal of Cancer Research 90, 1161-68

Khalafalla MM, Abdellatef E, Daffalla HM, Nassrallah AA, Aboul-Enein
KM, Lightfoot DA, Cocchetto A, EI-Shemy HA (2009) Antileukaemia acti-
vity from root cultures of Vernonia amygdalina. Journal of Medicinal Plants
Research 3, 556-562

Khalegian A, Riazi GH, Ghafari M, Rezaie M, Takahashi A, Nakaya Y,
Nazari H (2010) Effect of inganen anticancer properties on microtubule
organisation. Pakistan Journal of Pharmaceutical Sciences 23, 273-278

Kim YH, Lee YJ (2007) TRAIL apoptosis is enhanced by quercetin through
Akt dephosphorylation. Journal of Cell Biochemistry 100, 998-1009

Klos M, van der Venter M, Mline PJ, Traore HN, Meyer D, Oosthuizen V
(2009) In vitro anti HIV activity of 5 selected South African medicinal plant
extracts. Journal of Ethnopharmacology 124, 182-188

Kupcham SM, Hernichway RJ, Karim A, Wermer D (1969) Tumor inhib-
itors. XLVIII. Vernodalin and vermomygdalin, two new cytotoxic sesquiter-
pene lactones from Vernonia amygdalina (Del). Journal of Organic Chemis-
try 34, 3908-3911

Lee IS, Shamon LA, Chai HB, Chagwedera RE, Besterman JM, Farns-
worth NR, Cordelle GA, Pezzuto JM, Kinghorn AD (1996) Cell cycle spe-
cific cytotoxicity mediated by rearranged ent-kaurene diterpenoids isolated
from Parinari curatellifolia. Chemico-Biological Interactions 99, 193-204

Leong KO, Muhammad TST, Sulaiman SF (2011) Cytotoxic activities of
Physalis minima L. chloroform extract on human lung adenocarcinoma NCI-
H23 cell lines by induction of apoptosis. Evidence-based Complimentary and
Alternative Medicine in press

Li H, Nie F, Liu W, Dai Q, Lu N, Qi Q, You Q, Guo Q (2009) Apoptosis in-
duction of oroxylin A in human cervical cancer HeLa cell line in vitro and in
vivo. Journal of Toxicology 257, 80-85

Liu J, Hu WX, He L, Ye M, Li Y (2004) Effects of lycorine on HL-60 cells via
arresting cell cycle and inducing apoptosis. FEBS Letters 57, 180-187

Mangoyi R, Mukanganyama S (2011) In vitro antifungal activities of crude
extracts and purified compounds from selected plants in Zimbabwe against
Candida albicans and Candida krusei. The Afiican Journal of Plant Sciences
and Biotechnology 5 (1), 8-14

Masters JRW (2000) Animal Cell Culture (3'd Edn), Oxford University Press
Inc., New York, pp 10-12

Mesquita ML, Paula JE, Pessoa C, Moraes MO, Costa-Lotufo LV, Groug-
net R, Musabayane CT, Mahlalela N, Shode FO, Ojewole JAO (2005)
Effects of Syzigium cordatum (Hochst) [Myrtaceae] leaf extract on plasma
glucose and hepatic glycogen in streptozoan induced diabetic rats. Journal of
Ethnopharmacology 97, 485-490

Mukesh S, Patil MB, Shalini S, Vishnu B (2010) Aloe vera: Plant of im-
mortality. International Journal of Pharma Sciences and Research 1,7-10

Mulholland DA, Langat KM, Crouch NR, Coley HM, Mutambi EM, Nuzil-
lard J-M Cembranoides from the stem bark of the southern African medici-
nal plant Croton gratisssimus (Euphorbiaceae). Phytochemistry 71, 1381-
1386

Narayanan R, Kenney MC, Kamjoo S, Trinh TT, Seigel GM, Resende GP,
Kuppermann BD (2005) Trypan Blue: Effect on retinal pigment epithelial
and neurosensory retinal cells. Journal of Investigative Ophthalmology and
Visual Science 46, 304-309

Imaga I0OA, Adenekan SO, Yussuph GA, Nwoyimi TI, Balogun OO, Egun-
tola TA (2010) Assessment of antioxidant potential of selected plants with
antisickling property. Journal of Medicinal Plants Research 4,2217-2221

Ni Y, Yates KM, Tizard IR (2004) Aloe polysaccharides. In: Reynolds T (Ed)
The Genus Aloe, CRC Press, Boca Raton, pp 111-126

Okokon JE, Nwafor PA (2009) Antiplasmodial activity of root extract and
fractions of Croton zambesicus. Journal of Ethnopharmacology 121, 74-78

Oyedeji O, Lawal OA, Shode FO, Adebola O (2009) Chemical composition
and antibacterial activity of the essential oils of Callistemon citrinus and
Callistemon viminalis from South Africa. Molecular Journal 14, 1990-1998

Ozawa K, Sato N, Urabe A, Takaku F (1984) Modulation of normal myelo-
poiesis in vitro by retinoic acid. Biochemical and Biophysical Research Com-
munications 23, 128-132

20

Ozmen A, Madlener S, Bauer S, Krasteva S, Vonach C, Giessrigl B, Grid-
ling M, Viola K, Stark N, Saiko P, Michel B, Fritzer-Szekeres M, Sze-
keres T, Askin-Celik T, Krenn L, Krupitza G (2010) /n vitro anti-leukemic
activity of the ethno-pharmacological plant Scutellaria orientalis ssp. Carica
endemic to Western Turkey. Phytomedicine 17, 55-62

Patil PR, Jayaprakasha GK, Chidamara MKN, Tichy SE, Chetti MB, Patil
BS (2009) Apoptosis-mediated proliferation inhibition of human colon can-
cer cells by volatile principles of Citrus aurantifolia. Food Chemistry 114,
1351-1358

Peni 1J, Elinge CM, Yusuf H, Itodo AU, Agaie BM, Mbongo AN, Chogo E
(2010) Phytochemical screening and antibacterial activity of Parinari cura-
tellifolia stem extract. Journal of Medicinal Plant Research 4,2099-2102

Pessoa C. Silveira ER, Lemos TLG, Wetmore LA, Moraes MO, Leyva A
(2008) Antiproliferative effects of compounds derived from plants of Nor-
thern Brazil. Phytotherapy Research 15, 140-145

Pinmai S, Chunlaratthanabhorn S., Ngamkitidechakul C., Soonthorncha-
reon N, Hahnvajanawong C (2008) Synergistic growth inhibitory effects of
Phyllanthus emblica and Terminalia bellerica extracts with conventional
cytotoxic agents human hepatocellular carcinoma and lung cancer cells.
World Journal of Gastroenterology 14, 1491-1497

Pujol M, Gavilondo J, Ayala M, Rodriguez M, Gonzalez ME, Perez L
(2007) Fighting cancer with plant-expressed pharmaceuticals. Trends in Bio-
technology 25, 150-161

Reynolds T, Dweck AC (1999) Aloe vera leaf gel: A review update. Journal of
Ethnopharmacology 68, 3-37

Ross JA, Davie SM, Potter JD, Robinson LL (1994) Epidemiology of child-
hood leukaemia with a focus on infants. Epidemiology Review 16, 243-272

Ruffo CK (1991) A survey of medicinal plants in Tabora region, Tanzania in
Traditional Medicinal Plants. Dar Es Salaam University Press-Ministry of
Health, Tanzania, 391 pp

Rundle NT, Xu L, Anderson RJ, Roberge M (2001) G, DNA damage check-
point inhibition and antimitotic activity of 13 hydroxy-15-oxozoapatlin. Jour-
nal of Biological Chemistry 45, 160-164

Sakar FH, Padhye S, Kulkami S, Li YW (2006) The role of geinstein and
synthetic derivatives of isoflavone in cancer prevention and therapy. Medici-
nal Chemistry 6, 104-106

Shirataki Y, Wakae M, Yamamoto Y, Hashimoto K, Satoh K, Ishihara M,
Kikuchi H, Nishikawa H, Minagawa K, Motohashi N, Sakagami H
(2004) Cytotoxicity and radical modulating activity of isoflavones from
Saphora species. Anticancer Research 36, 99-110

Szcezylik C, Skorski T, Nicolaides NC, Mazella L, Malaguarnera V, Gewirtz
AM, Calabretta (1991) Selective inhibition of leukaemia cell proliferation
by BCR-ABL antisense oligodeoxynucleotides. Science 2, 562-565

Szliszka E, Czuba ZP, Jernas K, Krél W (2008) Dietary flavonoids sensitize
HeLa cells to tumor necrosis factor-related apoptosis- inducing-ligand
(TRAIL). International Journal of Molecular Science 58, 167-174

Upadhyay B, Singh KP, Kumar A (2010) Ethno-medicinal, phytochemical and
antimicrobial studies of Eurphobia tirucalli L. Journal of Phytology 2, 65-77

Valadares MC, Carrucha SG, Accorsi W, Queiroz MLS (2006) Euphorbia
tirucalli modulates myelopoeisis and enhances the resistance of tumor
bearing mice. International Journal of Immunopharmacology 6, 94-299

Werner C, Merz B (2007) Assessment report on Aloe barbadensis and aloe
(various species, mainly 4/oe ferox Miller and its hybrids). European Medi-
cines Agency 3/24-11/24

Yadav R, Srivastava VK, Chandra R, Singh A (2002) Larvicidal activity of
latex and stem bark of Euphorbia tirucalli plant on the mosquito Culex quin-
quefasciatus. Journal of Communicable Disease 34, 264-269

Yan Z, Yang R, Jiang Y, Yang Z, Yang J, Zhao Q, Lu Y (2011) Induction of
apoptosis in human promeolytic leukaemia HL60 by panaxynol and panaxy-
dol. Molecules 16, 5561-5573

Zhao L, Wientjes GM, Au JL (2004) Evaluation of combination therapy integ-
ration of non linear regression, curve shift isobologram and combination
index analyses. Clinical Cancer Research 10, 79-94



