
j Introduction

Plant families cited as sources of medicinal agents in-
clude Apocynaceae, Cephalotaxaceae, Compositae,
Euphorbiaceae, Leguminosae, Papaveraceae, Phyto-
laccaceae, Ranunculaceae, Rubiaceae and Solanaceae
(Gentry, 1993). We selected species from 11 families
represented in ethnomedicine, especially the Euphor-
biaceae that are rich in active compounds including ter-
penoids, alkaloids, phenolics and fatty acids, having
ethnopharmaceutical uses (Rizk, 1987). However,
some extracts from Euphorbiaspecies exhibit mixed
biological activity as some are highly caustic, irritants,
deter feeding by herbivores, activate blood platelets
and prostaglandin production; and some promote tu-
mours (Rizk, 1987), but others exhibit antineoplastic
activity (Wu et al. 1991).

E. kansui(Wu et al. 1991), E. esulaand Croton tigli-
um (Kupchan et al. 1976) have demonstrated anti-
leukemic activity against the P-388 lymphocytic
leukemia in mice at a dosage of 0.1 mg/kg, 130 to
360 µg/kg and 60 to 250 µg/kg respectively. Moreover,
E. kansuiis also selectively toxic to leukemic, non-
small cell lung cancer, colon cancer, melanoma and
renal cancer, with IC50 values in the range 0.07–13 µg/ml
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(Wu et al. 1991). Other species from this family with
anti-tumour activity include E. poisonii(Fatope, 1996),
E. pulcherrima(Smith-Kielland, 1996) and E. splen-
dens(Lee, 1993). 

The latices of Euphorbia grandidens, E. cande-
labrum, E. grandicorniand E. triangulariselicit papil-
lomas in mice pretreated with a subcarcinogenic dose
of 7,12-dimethylbenz(a)anthracene (DMBA) (Roe et
al. 1961). The latex of E. candelabrumelicited irritant
activity in the mouse ear, attributable to ingenol esters.
Furthermore, the latices of E. coerulescens, E. pentag-
ona, E. lacteaand E. grandidensare irritants, with
E. lacteaandE. grandidenspossibly causing blindness
(Watt et al. 1962). The biological activity of E. trigona
and E. istigyhas not been reported. To date the latices
of a broad range of Euphorbiaspecies have not been
screened for antitumour activity and so the present in-
vestigation firstly, clarifies their antineoplastic status
by direct comparison of their effects on HEp-2 cell
line. Secondly, a context is provided for such data by
also screening the following twenty ethnobotanical
species, including some with established antineoplastic
activity.
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Summary

Ethanolic extracts of 20 plant species, selected from the ethnobotanical literature, were analysed
for their pharmacological potential as antineoplastic agents against the HEp-2 cell line. Psoralea
corylifolia and E. grandidenswere the most efficacious species eliciting IC50 values of 22 µg/ml and
57 µg/ml respectively. Psoralea corylifolia, additionally tested against lung carcinoma (A549) cells
gave an IC50 value of 68 µg/ml. Such data would justify a search for active compounds from this
species.
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j Materials and Methods

Plant species
Latex samples from Euphorbiaceae(Table 1) were
collected between June and August of 1997 from the
National Botanic Gardens, Glasnevin, Dublin, Ire-
land and from Thornfield greenhouse, University
College Dublin, Ireland. Plant species from the other
families, were collected from the 1National Botanic
Gardens, Glasnevin, Dublin, Ireland and 2Taiwan
(Table 2). All plant material from Taiwan was authen-
ticated by Mr. Nan-Un Chou, Graduate Institute of
Pharmacy, Chinese Medical College, Taichung, Tai-
wan. 

Extracts 
A deep incision in the stem of the Euphorbiaceae re-
leased latex, which was then extracted repeatedly with
absolute ethanol and shaken for 24 h. After filtering the
extract through Whatman no. 1 filter paper, the entire

Psoralea corylifolia (Leguminosae) and Chelido-
nium majus(Papaveraceae) are used in folk medicine
for the treatment of breast, colon, ovarian, testicular
and stomach cancer (Duke, 1985). In Russia, Asia and
Latin America Plantago major(Plantaginaceae) has
demonstrated antineoplastic activity against cancer of
the breast, anus, stomach, eye, foot, intestine and liver,
and against neuroblastoma cancer (Duke, 1985).
Cephalotaxus fortunei(Cephalotaxaceae) was includ-
ed on the basis that homoharringtonine, an alkaloid iso-
lated from a related species, Cephalotaxus harringto-
nia, is undergoing clinical trials against leukemia
(Cragg et al. 1993; Wang et al. 1992). Sophora
flavescens(Leguminosae) is antineoplastic against
leukemia and melanoma (Ko et al. 2000); and Coptis
chinensis(Ranunculaceae) is cytostatic against HepG2
cells (Chi et al. 1994). Terminalia chebula(Combre-
taceae) has demonstrated anticaries activity against
Streptococcus mutans(Jagtap et al. 1999) and serves as
a tonic and astringent (Trease, 1989). Atropa belladon-
na (Solanaceae) was used for acute radiodermatitis.
The remaining plant species, belonging to families
used in ethnomedicine, include Dianthus sinensis
(Caryophyllaceae), Phytolacca polyandra(Phytolac-
caceae) and Polygonathum odoratum(Convallari-
aceae). This communication describes the effects of
ethanolic extracts of all the forgoing plant species on
proliferation of human tumour cells.
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Table 1. Efficacies of Euphorbia latices assayed against
HEp-2 cells*.

Botanical namea IC50 (µg/ml)†

E. grandidens3 57 ± 12
E. grandicorni3 89 ± 14
E. latea3 89 ± 5
E. coerulescens3 121 ± 22
E. trigona1 330 ± 17
E. istigy3 444 ± 22
E.candelabrum1 N/D
E. pentagona1 N/D
E. triangularis3 N/D

Plants originated from: 1National Botanic Gardens, Glas-
nevin, Dublin, Ireland; 2Taiwan, 3Thornfield Greenhouses,
University College Dublin, Ireland. 
* assessed by the MTT assay; †IC50 values (concentrations
eliciting 50% inhibition) were determined from linear regres-
sion analysis; N/D – could not be determined; aDose range
tested, 8.5–853 µg/ml; lower concentrations of Euphorbia
latex (0.5–8.5 µg/ml) did not alter cell proliferation (data not
shown). For comparison, the IC50 value for taxol was 
0.01 µM ± 0.004.

Table 2. Efficacies of 11 ethnobotanical species assayed
against HEp-2 cells*.

Botanical namea Plant part tested IC50 (µg/ml)†

Psoralea corylifolia2 Fruit 22 ± 6
(Leguminosae)

Dianthus sinensis1 Whole plant 111 ± 19
(Caryophyllaceae)

Phytolacca polyandra1 Whole plant 129 ± 13
(Phytolaccaceae)

Sophora flavescensAit 2 Root 134 ± 17
(Leguminosae)

Cephalotaxus fortunei2 Branch 134 ± 27
(Cephalotaxaceae)

Polygonatum odoratum1 Root 142 ± 11
(Convallariaceae)

Coptis chinensis French2 Whole plant 412 ± 32
(Ranunculaceae)

Terminalia chebula Retz2 Fruit 201 ± 51
(Combretaceae)

Atropa belladonna1 Fruit N/D
(Solanaceae)

Chelidonium majus1 Whole plant N/D
(Papaveraceae)

Plantago major1 Root N/D
(Plantaginaceae)

Plants originated from: 1National Botanic Gardens, Glas-
nevin, Dublin,2 Taiwan. 
* assessed by the MTT assay; †IC50 values (concentrations
eliciting 50% inhibition) were determined from linear regres-
sion analysis; N/D – could not be determined. aDose range
tested, 8.5–853 µg/ml. For comparison, the IC50 value for
taxol was 0.01 ± 0.004.



crushed in a grinder, and extracted exhaustively with
absolute ethanol (10 mg/ml) following the above pro-
cedure. Treatment doses of all extracts were
8.53 µg/ml, 85.3 µg/ml and 853.9 µg/ml.

extract was roto-evaporated at 40 °C resulting in a
dried mass that was stored in the dark at –20 °C until
usage. The dried mass was dissolved in ethanol for as-
says. The air-dried plants of Chinese origin were
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Fig. 2. a+b. Inhibition of cellular growth of various plant
ethanolic extracts, as assessed by the MTT assay in HEp-2
cells and expressed as a percentage of control values. Cells
were seeded on day 1, exposed to extracts on day 3 and as-
sayed for cellular viability on day 4. Results are expressed as
% control ± S.E.M. of four replicates. 
* indicates statistically significant (p < 0.05) differences from
control
** indicates statistically highly significant (p < 0.01) differ-
ences from control
*** indicates statistically very highly significant (p < 0.001)
differences from control

Fig. 1. a+b. Inhibition of cellular growth by ethanolic ex-
tracts of various Euphorbiaceae, as assessed by the MTT
assay in HEp-2 cells and expressed as a percentage of control
values. Cells were seeded on day 1, exposed to extracts on
day 3 and assayed for cellular viability on day 4. Results are
expressed as % control ± S.E.M. of four replicates. 
* indicates statistically significant (p < 0.05) differences from
control
** indicates statistically highly significant (p < 0.01) differ-
ences from control
*** indicates statistically very highly significant (p < 0.001)
differences from control



Effect of extracts from 10 other families on HEp-2
cellular proliferation

Of all the 11 plant species tested, Psoralea corylifolia
was the most potent with an estimated IC50 of 22 µg/ml
(Table 2). The IC50 could not be determined for Atropa
belladonna, Plantago majorand Chelidonium majusas
their extracts did not elicit 50% inhibition (Fig. 2a+b;
Table 2). Weak inhibition was elicited by Chelidonium
majus.

Effect of Psoralea corylifolia extract on A549
cellular proliferation

Subjecting A549 cells to the extract of Psoralea coryli-
folia confirmed its cytotoxic activity, with an IC50 of
68 µg/ml.

j Discussion

Of nine Euphorbia species tested, E. grandidens, E.
grandicorni,and E. lateaexhibited the greatest poten-
cy against HEp-2 cells by eliciting IC50 at concentra-
tions of 57 µg/ml, 89 µg/ml, and 89 µg/ml respectively.
Much higher concentrations of E. coerulesecens
(121 µg/ml), E. trigona (330 µg/ml) and E. istigy
(444 µg/ml) were required to elicit the same degree of
inhibition (Fig.1). Cell proliferation was increased by
3–24% in HEp-2 cells treated with E. candelabrum,
E. coerulescens, E. grandicorni, E. istigy, E. latea,
E. triangularis and E. trigonaat a concentration of
8.539 µg/ml. Increased cell growth was also elicited by
E. candelabrum, E. istigy, E. pentagona, E. triangu-
laris and E. trigonaat a concentration of 85.89 µg/ml. 

Some Euphorbiaceae are both tumour-promoting
and cytotoxic. Croton tigliumelicits both antileukemic
activity (Kupchan et al. 1976) and tumour promotion
in vivo and in vitro (Rizk, 1987). The present study
confirms this dual, concentration-dependent effect in
eight species. Several Euphorbiaceae contain phorbol
esters, which may interact with the cell membrane to
alter permeability characteristics; these could affect
the entry or exit of amino acids and nucleotides known
to regulate cellular metabolism (Rizk, 1987; Van Duu-
ren et al. 1968). 

Of all plant species tested, Psoralea corylifolia was
the most efficacious with an IC50 value of 22 µg/ml
against HEp-2 cells, and 68 µg/ml against A549 cells.
This 3.1-fold difference may be due to cell-turnover
rates; HEp-2 cells double every 3.5 days compared with
one day for A549 cells. P. corylifolia contains as major
constituents DNA polymerase and topoisomerase II in-
hibitors, that inhibit DNA replication enzymes (Sung
et al. 1998). Isobavachalcone (chemical structure not

Cell cultures
Cell lines from human epidermoid carcinoma of the
larynx HEp-2 and human lung carcinoma A549 were
obtained from the National Cell and Tissue Culture
Centre, Dublin City University, Dublin 9. Cell lines
were maintained at 37 °C in 5% CO2 as subconfluent
monolayers in 75 cm2 culture flasks (Costar-Corning).
HEp-2 cells were grown in Dulbeccos Modified Ea-
gle’s Medium (DMEM) supplemented with 5% FBS,
2% penicillin-streptomycin and 1% L-glutamine. The
extract most efficacious against HEp-2 cell line was
also assayed against the A549 cells that were main-
tained in nutrient mixture F-12 HAM HEPES modifi-
cation supplemented with 5% foetal bovine serum
(FBS), 2% penicillin-streptomycin and 0.5% L-glu-
tamine.

MTT colorimetric assay
Cell proliferation/cytotoxicity was evaluated using the
MTT (3-(4,5-dimethyl thiazol-2yl)-2,5-diphenyltetra-
zolium bromide) assay in which viable but not dead
cells cleave the yellow tetrazolium salt (MTT) to a blue
formazan product (Mosmann, 1983). This assay is
widely used as a preliminary screen to quantify cell
proliferation, viability, cytoxicity and sensitivity (Mos-
mann, 1983; Fokkema et al. 2002; Itamochi et al.
2002). Taxol (Sigma-Aldrich) served as a positive con-
trol. The solvent control contained ethanol and DMSO
at a concentration less than 0.01%. After incubating
cells with plant extracts (8.5 µg/ml–853 µg/ml) for
24 h, the cytotoxicity was expressed from the mean of
four replicates (± S.E) as a percentage of the control.
Significant differences were detected by the Student’s
t-test. The IC50 values (drug concentration eliciting
50% inhibition) were determined by linear regression
analysis.

j Results

Effect of Euphorbia extracts on HEp-2 cellular
proliferation

Extracts of four out of nine Euphorbiaspecies tested, at
concentrations of 85.39 µg/ml and 853.9 µg/ml for
24 h, decreased cellular viability as determined by the
MTT assay (Fig. 1a+b, Table 1); this effect was dose-
dependent and E. grandidenswas the most efficacious
(IC50 of 57 µg/ml). However, lower drug concentrations
(8.539 µg/ml) increased cellular proliferation in seven
species, E. candelabrum, E. coerulescens, E. grandi-
corni, E. istigy, E. latea, E. triangularis andE. trigona.
E. candelabrum, E. pentagona and E. triangularisdid
not elicit 50% inhibition at any concentration tested. All
nine species tested stimulated cellular proliferation at
doses less than 50 µg/ml (data not shown).
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available), isolated from P. corylifolia is antineoplastic
against bone-muscle tumour, lung tumour and intestinal
tumour at a dosage of 15–25 g a day in China (Wang,
1991). As this species has not been previously screened
against the HEp-2 and A549 cell lines deployed in the
present study, the present data are novel. 

Much higher concentrations of Dianthus sinensis(5-
fold), Phytolacca polyandra(5.8-fold), Sophora fla-
vescensAit (6.1-fold), Cephalotaxus fortunei(6.1-
fold), Polygonatum odoratum(6.5-fold), Terminalia
chebula Retz (9-fold) and Coptis chinensisFrench
(18.7-fold) were required to elicit the same degree of
inhibition in HEp-2 cells. Sophora flavescensroots
have shown anti-tumour activity against sarcoma 180,
lymphoid leukemia 1210 and melanotic melanoma.
Four flavonoids, sophoraflavanone, kurarinone, norku-
rarinol, kurarinol and kushk isolated from Sophora
flavescensinduce apoptosis (Ko et al. 2000) and inhibit
cell proliferation in HL60 and HEpG2 cells at IC50 val-
ues of 11.3–8.5 µM and 13.3–3 µM respectively (Choi
et al. 1999). In the present study, the ethanolic extract
of Sophora flavescensexhibited an IC50 value of
134 µg/ml. 

This screening study establishes for the first time in a
direct comparison antineoplastic and cell proliferation
effects on HEp-2 cells by relatively high and low con-
centrations respectively, of eight species of Euphorbia.
This dual effect is consistent with observations on
other Euphorbiaspecies. More importantly this study
highlights Psoralea corylifoliaas the most effacious of
twenty species tested against HEp-2 cell line. This
might justify the search for active compounds. 
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