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A B S T R A C T

In this study, two Euphorbia species (i.e. terracina and paralias) were investigated for their cytotoxic and
antioxidant activities. Cytotoxicity of plant methanol and chloroform fractions was examined towards
human acute myeloid leukemia (THP1) and human colon epithelial (Caco2) cancer cell lines, as well as CD
14 and IEC-6 normal cells by targeting various modulators of apoptosis or inflammation. Moreover,
secondary metabolite pools (phenolic classes, alkaloids, terpenes, saponins) and antioxidant activities
(DPPH, ABTS and O2

�� scavenging, as well as FRAP tests) were assessed in plant extracts.
Both Euphorbia species appeared to be rich in phenolic compounds and terpenoids, Moreover, E.

terracina polar and apolar fractions and E. paralias polar fraction were highly active against THP1 cells,
with IC50 values of 2.08, 14.43 and 54.58 mg/mL, respectively. However, no cytotoxicity was found against
normal cells (CD14+ monocytes). The results indicate that the three fractions induce apoptosis in THP1
cell line after 6 h of exposure. Furthermore, apoptosis caused by apolar fraction was related to a caspase-
dependent process, whereas other death pathways seemed to be involved with the polar fractions. An
enhanced production of reactive oxygen species was detected upon cell treatment with plant extracts.
Interestingly, they have no effect on cytokine TNF-a secretion in THP1 and normal cells compared to
untreated cells, indicating that the three fractions caused no inflammation.
Euphorbia terracina and E. paralias polar fractions showed strong antioxidant activity with potent

scavenging capacity against DPPH, ABTS and superoxide radicals. Moreover, these fractions displayed a
very high ferric reducing power.
These findings confirm the strong antioxidant capacity of Euphorbia plants and suggest a targeted anti-

cancer effect with a potent anti-proliferative property of E. terracina and E. paralias extracts, which induce
programmed cell death in leukemia cell lines but not in normal monocytes cells.

© 2017 Elsevier Masson SAS. All rights reserved.
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Abbreviations: ABTS, 2,20-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid);
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MTS, [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophe-
nyl)-2H-tetrazolium, inner salt; NADH, nicotinamide adenine dinucleotide hydrate;
NBT, p-Nitrotetrazolium blue; PI, percentage of inhibition; PI, propidium iodide;
PMS, 5-Methylphenazinium methyl sulfate; Pol.F, polar fraction; ROS, reactive
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1. Introduction

Cancer is one of the most common diseases around the world
with the highest mortality rates. In 2012, the disease had an
incident rate of more than 14.1 million cases and 8.2 million deaths.
After lung and breast cancers, colorectal was the most diagnosed
cancer (1.36 million), while hematological tumors represent one
tenth of malignancy cases worldwide [1]. Projections are even
more unsettling because deaths from cancer are expected to rise to
over 13.1 million in 2030 [2]. Cancer’s treatment worldwide is very
costly, requiring expensive facilities and drugs. Moreover, it has
been well demonstrated that chemotherapy drugs kill rapidly

http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2017.03.072&domain=pdf
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growing cancer cells but can also harm perfectly healthy cells,
causing side effects throughout the body. Accordingly, new
approaches, finding effective anticancer agents with fewer effects
and less toxic in the clinic, are needed to provide valid therapeutic
regimes that offer safe and reliable treatment.

Plants have long been considered in the therapeutic arsenal of
humanity. Over the last few decades, they have become a prolific
source of structurally diverse bioactive molecules, yielding some
of the most important products in the pharmaceutical industry
[3,4]. In particular, antioxidant molecules have raised much
attention, these secondary metabolites having many pharmaco-
logical properties [5]. Today, approximately 25% of all prescrip-
tions contain one or more active ingredients from plants [6], and
most of the anticancer drugs have been discovered from plant
sources [7].

The genus Jatropha (Euphorbiaceae) is widely used as a
traditional medicinal herb since ancient times in all the
mediterranean countries [8]. In addition, five euphorbia species,
E. pekinensis,E. kansui, E. lathyris, E. humifusa, and E. maculata have
been recorded in Chinese pharmacopoeias for the treatment of
oedema, gonorrhea, migraine and wart cures. Moreover, several
phytochemical and pharmacological studies have reported a wide
spectrum of medicinal properties of this genus (antimicrobial,
anti-cancer, antiviral and antidiabetic) revealing an important
biological potential [8,9]. These plants represent a vast and largely
yet untapped source of bioactive molecules and powerful new
pharmaceutical products [8–11]. Therefore, searching for alterna-
tive medicines and natural therapeutics for cancer therapy,
Euphorbia genus appears as among the most promising targets.

In folk medicine, E. terracina and E. paralias infusions were used
to treat fever and paralysis [12,13].To the best of our knowledge,
the cytotoxic activity of Euphorbia paralias and Euphorbia terracina
against Human acute myeloid leukemia and human colon
epithelial cancer have not been investigated previously, nor the
antioxidant activities of E. terracina. Therefore, the present study
was addressed to investigate the phytochemical composition of
shoot extracts from Euphorbia paralias and Euphorbia terracina and
to evaluate their antioxidant properties. Moreover, cytotoxicity of
both Euphorbia species was assessed on human monocytes
primary cell culture, two human cancer cell lines (acute myeloid
leukemia THP1, and colon epithelial cancer Caco2), and a rat
intestinal cell lineage. To understand toxicity mechanism implied
in each case, several parameters were followed, including cell
viability, apoptosis, intracellular reactive oxygen species (ROS)
generation and the inflammatory response.

2. Experimental

2.1. Plant material and preparation of extracts

>E. paralias and E. terracina shoots were harvested at full
flowering stage from Kelibia (North-Eastern Tunisia). The collected
material was identified at the Biotechnology Center of Borj-Cédria
by Pr. Abderrazak Smaoui, and a voucher specimen were deposited
at the Herbarium of the laboratory (Laboratoire des Plantes
Médicinales et Aromatiques, CBBC, Tunisia). Crude extract was
obtained by homogenizing 200 mg of powder with 20 mL
methanol/chloroform/water (12:5:3) under magnetic stirring for
20 min. Three successive extractions were performed. After phase
separation by adding deionized water and decantation, apolar
(chloroformic) and polar (aqueous methanol) fractions were
concentrated by rotary evaporation at 40 �C. Polar and apolar
residues were weighed and dissolved in 1% DMSO and methanol,
respectively.
2.2. Phytochemical study of secondary metabolites

Total phenolic and flavonoid contents were measured using a
colorimetric assay developed by Dewanto [14]. The proanthocya-
nidins were determined according to the method of Sun and
Richardo da Silvia [15]. Furthermore, plant extracts were screened
for the presence of alkaloids, terpenoids, steroids and saponins,
according to Tona [16].

2.3. Biological assays

2.3.1. Cell culture of the studied lineages
� Human leukemia monocytes

THP-1 cells were purchased from the European Collection of
Cell Cultures (ECACC; number 88081201, Salisbury, UK) and
maintained in 75 cm2

flasks in the Roswell Park Memorial Institute
medium (RPMI-1640, Sigma-Aldrich St. Louis, MO, USA) supple-
mented with 10% fetal bovine serum (FBS) (Sigma-Aldrich), 2 mM
l-glutamine, and 1% penicillin/streptomycin (Gibco-BRL, Paisley,
Renfrewshire, Scotland). Cells were grown at 37 �C, 100% relative
humidity and under 5% CO2 to a density between 0.2 and
1 �106 cells/mL as recommended by ECACC. Culture medium
was replaced every 2 to 3 days before cytotoxic assay experiments.

� Colon adenocarcinoma cells

Caucasian colon adenocarcinoma cells (Caco-2) were obtained
from the European Collection of Cell Cultures (ECACC 86010202,
Salisbury, UK). They were maintained in 75 cm2

flasks using
Dulbecco’s modified Eagle’s medium (DMEM, Sigma-Aldrich St.
Louis, MO, USA) supplemented with 10% FBS, 2 mM of L-glutamine,
1% penicillin/streptomycin (Gibco-BRL, Paisley, Renfrewshire,
Scotland). The medium was changed every 2–3 days. When the
cell monolayer reached 80% confluence, cells were detached with a
trypsin-EDTA aqueous solution (0.5 mg/mL) and reseeded at a
density of 5 �104 cells/cm2.

� Rat intestinal cells

Normal rat small intestine cell line (IEC-6, ATCC CRL 1592), was
grown in DMEM (BE12-604F, Biowhittaker) supplemented with 5%
foetal bovine serum (FBS), 2 mM L-glutamine (Sigma) and 1%
penicillin/streptomycin (Gibco-BRL), at 37 �C, in 5% CO2 and 100%
humidity. Cells were detached with a trypsin-EDTA aqueous
solution (0.2 mg/mL) and reseeded at a density of 5 �104 cells/cm2.

2.3.2. Primary cell culture of human monocytes
CD14+ monocytes were used as control cells to assess the

cytotoxicity of plant extracts against previous cell lines. Mononu-
clear cells originating from human umbilical cord blood samples
were collected in citrated tubes from placentas after normal
deliveries in Brest University Hospital (France), with the consent
of donors. Low density cells were recovered by density gradient
centrifugation (d = 1.077 g/mL) at 400 � g for 30 min, according to
Hymery [17]. Monocytes were purified by a positive selection
enrichment method (Miltenyi Biotech, Bergisch Gladbach, Nordr-
hein-Westfalen, Germany) using 5 �107 mononuclear cells resus-
pended in 1 mL of phosphate buffered saline (PBS, Sigma-Aldrich)
with 6% (v/v) FBS. The cell suspension was incubated for 15 min at
4 �C with 100 mL of CD14 Microbeads (Miltenyi Biotech). After
labeling, monocytes were selected using positive selection columns
(MS, Miltenyi Biotech) and cultured for each test. Cell viability of
each culture was assessed prior to start every experiment, and only
the batches showing more than 95% cell viability were used in the
study.
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2.3.3. Cell proliferation assay
The cytotoxic effect of polar and apolar extracts was studied on

cancerous cells and compared to non-cancerous cells. Thus,
cytotoxicity was evaluated using the Cell Titer 96AQueous One
cell proliferation assay (Promega, Madison, Wisconsin, USA), as
described by Hymery [17]. This colorimetric method determines
cell viability based on the reduction of 3-(4,5-dimethylthiazol-2-
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazoli-
um (MTS) to formazan by mitochondrial dehydrogenases in viable
cells. After 24 and 48 h of incubation in the presence of samples,
cells were washed with PBS, resuspended in 100 mL of the same
buffer, and seeded in 96-well plates at 37 �C, under 5% CO2

atmosphere and 100% humidity. Then, 20 mL of CellTiter 96AQue-
ous One solution was added to each well and the cells were further
incubated for 3 h at 37 �C, under 5% CO2 atmosphere and 100%
humidity. The absorbance was measured at 490 nm. Cytotoxicity is
expressed as the concentration of samples inhibiting cell growth
by 50% (IC50), compared with the control (cells treated with 1%
DMSO). All tests and analyses were run in triplicate and averaged.
Concerning CD14+ monocytes, three different umbilical cord blood
samples were used.

2.3.4. Annexin V/propidium iodide staining
Human cancer cells (4 105 cells/mL) were cultured in 96-well

plates and treated for 6 h with different concentrations of each
extract. Cells were washed with 1 mL PBS, resuspended in 100 mL
staining buffer (Annexin V-FITC staining Kit, Miltenyi Biotech,
Germany) and analyzed immediately. The Quantification of cell
populations (i.e. necrotic and apoptotic cells) was performed with
BD accuri C6 flow cytometer (Becton Dickinson, New Jersey, USA).
The 488 nm laser was used for excitation. Bright field (430–
480 nm), annexin-V (505–560 nm) and propidium iodide (595–
642 nm) channels were measured and at least 10,000 events of
single cells per sample were collected. Color compensation was
necessary as annexin-V and PI have overlapping emission spectra.
Data were analyzed with BD accuri C6 software.

2.3.5. Caspase activity
To investigate the mechanism underlying the apoptotic activity

of the plant fractions, the activation of caspase 3 was detected
using the Caspase-Glo Assay (Promega, Madison, WI). THP1 cells
were plated in duplicate in 96-well plates and treated with plant
fractions. Forty eight hours after exposure, caspase activities were
measured according to the manufacturer’s instructions. Samples
were read after 1 h of incubation with the caspase substrate. The
relative fold increase of caspase 3 was calculated by dividing the
luminescence reading from the compound treatment to that of
control.

2.3.6. Intracellular reactive oxygen species (ROS) generation
ROS generation in the THP1 cell treated with plant extracts was

measured by luminescent probe (luciferin) using ROS-Glo H2O2

Assay (Promega, France) according to the manufacturer’s instruc-
tions. THP-1 cells were treated with 50 mg/mL of plant fractions for
6, 24 and 48 h, and H2O2 (0.3%, v/v) was used as positive control.
Intensity of yellow luminescence was measured with a GloMax1

luminometer. The average RLU and standard deviation of triplicate
samples were calculated.

2.3.7. Cytokine measurements
Cells were incubated for 24 h in the presence of plant extracts.

The amount of Tumor Necrosis Factor alpha (TNF-a) in the
supernatant of different cell cultures was quantified using an ELISA
kit following manufacturer’s instructions (Promocell, Heidelberg,
Germany).
2.4. Antioxidant activities

2.4.1. DPPH radical assay
DPPH-scavenging activity was measured according to the

method of Chen [18]. An aliquot of the reaction solution was
mixed with 100 mL of 100 mM DPPH in 90% methanol and 100 mL of
plant extract diluted in ethanol at different concentrations.
Mixtures were vigorously shaken and left for 30 min in the dark.
Absorbance was measured at 517 nm using ethanol as a blank. The
following equation was used to calculate quenching of DPPH
radical: PI (%) = 100*(A0� As)/A0, where A0 is the absorbance of the
control, and As is the absorbance of the tested sample. The
antiradical activity was expressed as IC50 (mg/mL), the concentra-
tion of the sample that caused 50% quenching. All tests and
analyses were run in triplicate and mean values were recorded.
Butylated hydroxytoluene (BHT) was used as a positive standard.

2.4.2. ABTS radical assay
ABTS radical-scavenging activity was measured according to

the method described by Re [19]. Briefly, ABTS was dissolved in
water to a 7 mM concentration and the ABTS+ radical was produced
by adding potassium persulfate to a final concentration of
2.45 mM. This solution was then diluted with ethanol to adjust
its absorbance at 734 nm to 0.70 � 0.02. To determine the
scavenging activity, 950 mL of diluted ABTS+ solution was added
to 50 mL of plant extract (or water for the control), and the
absorbance at 734 nm was measured 6 min after the initial mixing,
using ethanol as the blank. IC50 was calculated the same way as
described in DPPH radical assay, and BHT served as a positive
standard.

2.4.3. Superoxide scavenging activity
The method described by Duh [20] was used to determine

scavenging activity of plant extracts toward superoxide anion
radical. Superoxide was generated in a PMS-NADH system (by
oxidation of NADH) and assayed by the reduction of NBT. In the
reaction medium, samples at different concentrations were added
with 0.2 mL PMS (60 mM), 0.2 mL NADH (677 mM), and 0.2 mL NBT
(144 mM). Mixture was incubated at room temperature for 5 min,
and the absorbance was read at 560 nm. All solutions were
prepared in phosphate buffer (0.1 M, pH 7.4). The scavenging
activity was calculated as described previously in DPPH radical
assay. Samples were analyzed in triplicate.

2.4.4. FRAP assay
The capacity of plant extracts to transform Fe3+ to Fe2+ was

determined according to the method of Oyaizu [21]. Samples at
different concentrations were mixed with 2.5 mL of 0.2 M
phosphate buffer (pH 6.6) and 2.5 mL of potassium ferricyanide
(1% w/v). The tubes were incubated at 50 �C for 20 min. Then,
2.5 mL of 10% TCA were added in each tube and the mixture was
centrifuged for 10 min at 1,000g. An aliquot of the supernatant
(2.5 mL) was mixed with distilled water (2.5 mL) and 0.5 mL of
ferric chloride (0.1% w/v), and the absorbance was read at 700 nm.
Ascorbic acid was used as authentic standard, and EC50 value
(effective concentration of the extract which corresponds to 50% of
control absorbance) was obtained from linear regression analysis.

2.5. Statistical analyses

Results are expressed as means � standard deviation of three
replicates. Different mean value groups were compared to control
values according to the least significant difference test of
multifactor analysis of variance (ANOVA) using Statistica software.
Three technical replicates were done for each biological assay (for
cell culture analyses). Phenolic contents and biological activities
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(antioxidant and cytotoxic datasets) were analyzed individually
and in combination by principal component analysis (PCA) and
respective heat maps were generated.

3. Results

3.1. Phytochemical study of plant extracts

Estimation of total phenolic, flavonoid and condensed tannin
contents of E. terracina and E. paralias fractions are reported in
Table 1. Polar fractions of the two species were rich in phenolic
compounds, E. terracina exhibiting 3.5-fold higher total phenolic
content than E. paralias. Accordingly, E. terracina was rich in
flavonoids, whereas E. paralias flavonoid content was low (43.1 vs
4.7 mg CE/g DW, respectively). Condensed tannin contents in the
two polar fractions were statistically similar. No phenolics were
detected in the apolar extracts. Other secondary metabolite pools
were investigated in the different fractions (Table 2). Thus,
preliminary characterisation showed that polar fractions of both
species are rich in terpenoids, steroids and saponins, as shown by
an intense color obtained from each test and a high index of foam.
Terpenoids and steroids were also detected in apolar fractions of E.
terracina and E. paralias, but not saponins.

3.2. Cytotoxicity and anti-proliferative effect of plant extracts

Cytotoxicity of E. terracina and E. paralias fractions towards cell
lines (THP1, Caco-2, IEC-6) and monocytes (CD14+) was evaluated
with different concentration (ranging from 1 to 100 mg/mL) at two
different times of exposure (24 and 48 h). As shown in Fig. 1, THP1
viability varied depending on the extract concentration and
treatment time. After 24 h, no antiproliferative activity was
observed whatever the extract concentration. Conversely, after
48 h of incubation, a strong suppression of cell proliferation was
induced by the polar fraction of E. paralias and the two fractions of
E. terracina. A significant decrease of cell viability was observed at
the high concentration (100 mg/mL), reaching 8.69 and 13.74% for
polar fractions of E. terracina and E. paralias, respectively.

These results revealed that E. terracina fractions exhibited a
potent inhibitory activity on THP1cell proliferation, with an IC50

values ranged between 2.08 (polar fraction) and 14.43 mg/mL
(apolar fraction), followed by polar fraction of E. paralias (IC50 =
54.8 mg/mL). In order to evaluate their anticancer activity, the
Table 1
Total phenolic, total flavonoid and condensed tannin contents in polar and apolar fractio
followed by different letters differ statistically at P < 0.05.

Species Fraction Total phenolics (mg GAE/g DW) 

E. paralias Polar 22.73 � 0.32 b 

Apolar n.d 

E. terracina Polar 78.01 � 8.83 a 

Apolar n.d 

n.d: not detected.

Table 2
Phytochemical characterisation of secondary metabolite pools in Euphorbia paralias an

Species Fractions Alkaloids 

Mayer test Dragendorff tes

E. paralias Polar � � 

Apolar � � 

E. terracina Polar � � 

Apolar � � 

+ Positive test, � negative test, Pol.F: polar fraction, Apol.F: apolar fraction.
previous action of Euphorbia fractions on THP1 cell line was
compared to that on non-cancerous cells. Thus, no cytotoxic effect
was noted on human mononuclear cells (CD14+) purified from
human umbilical cord blood at any concentrations tested. On the
other hand, Caco2 line was found to be much more resistant than
THP1, and Caco2 cells were not affected by any of the tested
fractions (Table 3).

Interestingly, no cytotoxic effects were noted on human
mononuclear cells (CD14 + ), indicating that both species inhibit
preferentially THP1 cell line.

3.3. Apoptosis mechanism in leukemia cells

Based on the antiprolifative data, the most sensitive cell line
(THP1) and cytotoxic fractions (both E. terracina extracts and polar
fraction of E. paralias) were retained for complementary studies to
investigate apoptosis mechanism via flow cytometry technique.
Thus, annexin V and propidium iodide (PI) were used in
conjunction to distinguish between apoptotic and necrotic
pathway. Annexin V is a binding protein with high affinity and
selectivity for phosphatidylserine (PS). The translocation of PS to
the external cell surface is one of the reliable biochemical markers
of apoptosis. Alternatively, annexin may enter cell and bind to PS
upon cell necrosis. The difference between these two forms of cell
death is that during the initial stages of apoptosis the cell
membrane remains intact and impermeable to dyes such as
propidium iodide (PI). As shown in Fig. 2, after 6 h of treatment
with 50 mg/mL of each selected fraction, apoptosis was induced
leading to the subsequent inhibition of cellular proliferation.
Indeed, compared to control group, the percentage of apoptotic
cells was significantly increased from 0.8% to 43, 34 and 33% by E.
paralias polar fraction, E. terracina polar and apolar fractions,
respectively. However, the proportion of necrotic cells did not
exceed 6.7%.

To further explore pathways of apoptosis mechanism underly-
ing the cytotoxicity activity of plant extracts, we tested the
induction of caspase 3 activity. THP1 cells were treated for 48 h
with 50 mg/mL plant extracts. Upon exposure to E. terracina apolar
fraction, a significant (2.2 fold) increase in caspase 3 activity was
observed, compared to the untreated cells (Fig. 3). Moreover, in the
presence of the pancaspase inhibitor Z-VAD.fmk, a decrease of
caspase activity was found. Such changes were not recorded upon
exposure to E. terracina polar fraction or E. paralias extract.
ns of E. paralias and E. terracina. Mean � SD of three replicates in the same column

Total flavonoids (mg CE/g DW) Condensed tannins (mg CE/g DW)

4.66 � 0.09 b 1.30 � 0.06 a
n.d n.d

43.08 � 3.04 a 1.65 � 0.10 a
n.d n.d

d Euphorbia terracina fractions.

Terpenoids Steroids Saponins

t Sulfuric acid test Salkowski test Foam test

+++ ++ +++
++ + �
+++ +++ +++
+ + �



Fig.1. Effect of E. paralias and E. terracina fractions on the proliferation of THP-1cells after 24 and 48 h of exposure. The percentage of cell viability was measured by MTT assay.
All experimental data are means � SD of triplicate determinations. * Statistically significant differences at P<0.05 when compared with solvent control.

Table 3
Cytotoxicity of Euphorbia paralias and E. terracina fractions, expressed as IC50 (mg/
mL), on two cancer cell lines (THP-1 and Caco-2) and normal cells (CD14+ and IEC6)
after 48 h of exposure. Means � SD of three replicates in the same row followed by
different letters differ statistically at P < 0.05.

Cell line E. paralias E. terracina

Polar Apolar Polar Apolar

THP-1 54.58 � 4.43 c* >100 d* 2.08 � 0.26 a* 14.43 � 0.31 b*

Caco-2 NT NT NT NT
CD14+ NT NT NT NT
IEC-6 NT NT NT NT

NT: Non Toxic.
* Statistically different from Caco-2 after the same time of exposure.
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3.4. Effect of plant extracts on ROS production

A putative pro-oxidant effect of plant extract was investigated
on THP-1 cells treated with active fractions for 6, 24 and 48 h. As
shown in Fig. 4, a significant rise in ROS levels was observed in
THP1 cell line compared to untreated cells (P < 0.05). Regardless of
incubation time, each extract induced a 5 to 10-fold increase in ROS
production.

3.5. Effect of plant extracts on inflammatory response

The inflammatory response was quantified by assaying
cytokines released in the extracellular medium of cells treated
for 48 h with 50 mg/mL plant extracts. None of the studied extracts
induced TNF-a production by THP1 and CD14+ cells, compared to
untreated cells (Fig. 5). Cytokine secretion by leukemic cell line



Fig. 2. Apoptotic effects of E. terracina fractions and E. paralias polar fraction on THP1 cell line. THP1 cells were incubated with 50 mg/mL for 6 h and analyzed by flow
cytometry after annexin V-FITC and propidium iodide staining. Untreated cells were used as negative controls. Means � SD of six replicates followed by at least one same letter
were not significantly different between fractions at P < 0.05. * Statistically significant differences when compared with untreated cells.

Fig. 3. Effects of E. terracina fractions and E. paralias polar fraction on caspase 3 activation. The result represents means values � SD of three replicates.* indicates significantly
different from untreated cells, P < 0.05.

Fig. 4. ROS production in THP-1 cells upon exposure to E. terracina and E. paralias fraction treatments. The result represents mean values � SD of three replicates.* indicates
significant difference with untreated cells, P < 0.05.
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Fig. 5. Effects of E. terracina fractions, and E. paralias polar fraction on TNF-a secretion. Each experiment was performed in triplicate. Three technical replicates for each
biological replicate were done. Standard deviations were established from three biological replicates.
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(THP1) and their homologue normal cells (CD14+) did not exceed
15 and 18 pg/mL, respectively.

3.6. Antioxidant activities of Euphorbia extracts

Antiradical power of the different fractions of E. terracina and E.
paralias was evaluated in vitro using DPPH, ABTS and superoxide
radicals. Polar fractions of E. terracina and E. paralias showed strong
antioxidative activity against peroxyl radicals, whereas little or no
activity was found in apolar fractions (Table 4). DPPH-scavenging
activity was similar in the two species, with an IC50 of about 5 mg/
mL, and close to that of the positive control (BHT). E. terracina
exhibited the strongest ABTS-quenching capacity (1.1 mg/mL), both
species being even more powerful than BHT (10.02 mg/mL). In
addition, polar Euphorbia extracts exhibited a high superoxide-
scavenging power, E. Terracina being the most active (3 mg/mL).

The antioxidant activity of plant extracts was also assessed
through the ferric reducing antioxidant power (FRAP) assay. As
found with antiradical bioassays, polar fractions showed strong
reducing capacity, with EC50 values below 2 mg/mL. Here again, E.
terracina appeared to be more active than E. paralias, and far more
than ascorbic acid.

4. Discussion

For the first time, the apoptotic and proliferative effects of
Euphorbia terracina and E. paralias extracts were investigated on
human acute myeloid leukemia (THP1) and colon epithelial cancer
(Caco2) cell lines, as well as on CD14+ normal monocytes and (IEC6
normal cells). Since some relationships between cytotoxicity and
Table 4
DPPH, ABTS and superoxide radical-scavenging activities and ferric reducing power of Eup
and EC50 (mg/mL). Means � SD of three replicates in the same column followed by at l

Species DPPH IC50 (mg/mL) ABT

E. paralias Polar 5.25 � 0.32 a 1.94
Apolar 266.2 � 11.2 c >50

E. terracina Polar 4.90 � 0.10 a 1.16
Apolar 244.8 � 17.9 c >50

BHT 9.65 � 0.79 b 10.0
Ascorbic acid – – 

n.d: not detected.
antioxidant activity have been substanciated [4–22], the antioxi-
dant potential of Euphorbia extracts was investigated, through
DPPH, ABTS and superoxide radicals scavenging, and iron reducing
tests. Moreover, as an attempt to identify putative chemical class of
compound responsible for cytotoxic action, plant extracts were
screened for secondary metabolite classes, including phenolics,
terpenoids, steroids and saponins.

Results first highlighted the richness in phenolic compounds,
particularly in flavonoids, of polar fractions of E. terracina, and to a
lower extent E. paralia. Polyphenol levels have not been reported
hitherto in E. terracina. However, similar trends were observed on
other Euphorbia species originating from Tunisia, including E.
helioscopia and E. guyoniana [23,24]. Moreover, our results of
phytochemical characterisation are in agreement with previous
investigations highlighting the abundance of terpenoids in
Euphorbia plants [10–25]. Thus, a number of diterpenes have been
isolated from the shoots and latex of spurges [12–28]. According to
our preliminary screening, alkaloids were not detected in the two
species studied. These results did not support previous observa-
tions indicating the presence of this class of molecules in several
other Euphorbiaceae species [10]. Of the two cancer lines
investigated, THP1 was the most sensitive to E. terracina extracts
and polar fraction of E. paralias. Moreover, cell proliferation upon
exposure to plant extracts decreased in distinct dose and time-
dependent manners. Interestingly, no effect on normal monocytes
(CD14+) viability was recorded, suggesting that the three fractions
are not cytotoxic to non-cancerous cells. Moreover, same fractions
showed no obvious cytotoxicity at 100 mg/mL on Caco2 cells. A
comparison of antiproliferative action revealed that the two
studied species have potent selective anticancer effects,
horbia terracina and Euphorbia paralias fractions. All activities were expressed as IC50

east one same letter are not significantly different at P < 0.05.

S IC50 (mg/mL O2
�� IC50 (mg/mL) FRAP EC50 (mg/mL)

 � 0.07 a 7.89 � 1.43 c 1.92 � 0.05 b
0d >500d n.d

 � 0.01 b 2.97 � 0.02 b 0.48 � 0.03 a
0d >500d n.d

2 � 12.09 c 0.20 � 0.01 a –

– 28.33 � 1.01 c
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particularly on leukemia cells. These results are in agreement with
a recent study which indicated the antigrowth and cytotoxic
effects of methanol extract of E. terracina against human
hepatocellular carcinoma cell line (HepG2) [29]. Furthermore,
new diterpenoid with anticancer effect have been isolated and
characterized from active extract of Euphorbia paralias [30].

Although the MTS assay can be used to assess cytotoxicity, it
does not differentiate between the different modes of cell death.
Therefore, cytotoxicity mechanism was further examined by flow
cytometry, using FITC-conjugated annexin V and propidium iodide
double staining on the THP1 line. Cells exposed to selected
Euphorbia fractions showed a significant increase in apoptosis
(more than 30%, P < 0.05) and a very low rate of necrosis (less than
6%), suggesting that E. terracina fractions and polar E. paralias
extract induce THP1 cytotoxicity through apoptosis mechanism.
Therefore, those active fractions should be considered of particular
interest since numerous studies identified pro-apoptosis and
antiproliferation as the main therapeutic goals of anti-leukemia
drugs [31]. Indeed, leukemia is characterized by proliferation of
bone marrow and peripheral blood cells following the inhibition of
apoptosis, driving usually inexplosive cell growth in an uncon-
trolled manner [32]. This makes this type of cancer a highly
complex multi-targeted disorder [33], hardly curable.

On the basis of increased apoptosis in treated THP1 cells, the
involvement of caspases, which play a major role in execution of
irreversible apoptotic events, was then adressed. Indeed, apoptosis
is a complex process that includes caspase-dependent and
caspase-independent mechanisms [4]. Upon exposure to apolar
fractions, the intracellular caspase cascade was activated, whereas
polar fractions seemed to induce more complex process with
caspase-independent factors. They may include oxidative stress
compounds and/or autophagic processes, apoptosis inducing
factor (AIF), endonuclease G [34]. It can be assumed that the
polarity or hydrophobicity of major compounds present in each
fraction explain their interaction with the sites responsible for the
cellular regulation involved in cell death.

In the other hand, cytotoxic Euphorbia fractions caused a
marked accumulation of reactive oxygen species (ROS) in THP1
cells. Our data are in accordance with previous studies reporting
the pro-oxidant effect in cancer lines of plant secondary
metabolites like polyphenols [35–37] or terpenoids [38]. Indeed,
these natural products have been shown to cause an acumulation
of intracellular ROS beyond the cellular tolerance level, by (i) the
formation of a labile aroxil radical, or a labile redox complex with a
metal cation. This aroxil radical can react with oxygen, resulting in
the formation of O2�� (ii) activating the intracellular production of
ROS by NOX (iii) the reduction of metal ions involved in redox-
cycling, and promoting the generation of hydroxyl radicals through
Fenton and Fenton-like reactions leading to subsequent apoptosis
[38–40].

Since we found high levels of polyphenols and terpenoids in
active Euphorbia fractions, our results support the view that such
secondary metabolites may be involved in the pro-apoptotic
properties of these fractions. Accordingly, terpenoids (especially
diterpenes and sesquiterpenes) were reported as the main
anticancer substances in Euphorbia genus [10]. Furthermore,
euphornin, euphoscopin and jatrophane (type diterpene), isolated
previously from other Euphorbia species, exhibited a strong growth
inhibition effect on murine leukemia (P388), human cervical
carcinoma (Hela), human breast adenocarcinoma (MCF-7), human
hepatocellular (HepG2), human colon carcinoma (HCT116), lung
adenocarcinoma (A549) and ovarian cancer cell lines (Caov4,
OVCAR3) [41,42–43–44,45]. Terpenoids constitute promisful com-
pounds in drug discovery particularly for cancer chemotherapy.
Their selective anticancer properties have been recently the focus
of intense research [46–48]. They caused inhibition on cell
proliferation, tumor growth, angiogenesis and metastasis of
human cancers mostly by targeting apoptotic pathways [49,50].

Besides, our results showed that polar fractions of both
Euphorbia species contain significant contents of saponins. Yet,
the cytotoxic activity of several saponins was recently reported by
Koczurkiewicz [51]. Indeed, it is worth noting that saponins exhibit
selectivity in their antitumoral action, possess high efficiency in
carcinogenesis inhibition, and they can act in a comprehensive
manner. This may explain in part the powerful selective
cytotoxicity of Euphorbia fractions in our study.

Previous works reported the cytotoxicity of Euphorbia plants
against several cancer lines [44–52]. However, there is no
investigation on inflammatory response of leukemia cancer lines
and normal monocytes to Euphorbia. In this study, inflammatory
response to E. paralias was similar to that observed with E.
terracina: none of polar or apolar fractions induced secretions of
pro-inflammatory cytokines in THP1 and CD14+ cells, indicating
that those fractions do not cause inflammation.

Examination of the antioxidant properties of E. terracina and E.
paralias polar fractions showed strong antiradical activity with
potent scavenging capacity. As far as we know, this is the first
report on E. terracina antioxidant activities. In E. paralias, a single
study mentioned a modest antioxidant activity in aqueous and
ethanol extracts [13]. Our results appear more spectacular, the
activities measured being even stronger than those of authentic
standard. Such discrepancy might be due to the geographical origin
of the plant, or to the development stage [53,54]. The choice of
solvents used and studied organs may also affect the secondary
metabolite pool extracted, therefore the antioxidant level [55]. The
strong antiradical capacity of E. terracina and E. paralias found in
our study corroborates results from another spurge, Euphorbia
guyoniana [24]. Kawashty [56] showed the abundance of
flavonoids in E. paralias, and quercetin was found to be a major
phenolic constituent in Euphorbia hirta [57]. These classes are well
known for their strong antioxidant activity, which may explain the
marked antioxidant capacities of the two species studied here. It is
well known that phenolic compounds contributed significantly to
the antioxidant capacity of plant tissues, a positive correlation
being found frequently between phenolic pool and antioxidant
activities [5]. Besides, the contribution of terpenoids to the strong
antioxidant activity of Euphorbia species should not be excluded, as
it has been substantiated by Graßmann [58].

Numerous studies have reported a strong relationship between
antioxidant and anticancer activities. Indeed, most of the plant-
derived anticancer drugs discovered hitherto have potent antioxi-
dant activities. This is the case for some promising polyphenolics
such as resveratrol, curcumin, and genistein [59–61]. Therefore,
statistical analysis was conducted to describe the relationship
between phenolic levels and biological activities of Euphorbia
paralias and Euphorbia terracina extracts. PCA were carried out in
order to determine the relationship between the activities
(antioxidant and cytotoxic activities) of fractions on the basis of
their composition (PPT, FVT, CT). Matrix correlation showed a
direct correlation between total polyphenols and different in vitro
antioxidant activities (Fig. 6), indicating that phenolic compounds
play a crucial role in the antioxidant activity of Euphorbia fractions
and corroborating previously published data [55]. However, a low
correlation between polyphenol pools and cytoxic activities was
observed, although cytotoxicity was significantly correlated with
antioxidant activities (r = 0.58). These results can also be deduced
from the PCA (Fig. 7). Actually, different substances may be
involved in anticancer action, including terpenoids and saponins as
previously mentioned [4]. From our study, the accurately effect of
plants fractions on the anti-tumoral responses remains to be
elucidated. However, is could be that treatment of THP-1 cells with
E. terracina and E. paralias fractions activates some specific and



Fig. 6. Correlation coefficient between phenolic contents (PPT, FVT, TC) and biological activities determined by different assays. MTT, apoptosis percentage (obtained on THP1
cell line). ***: significant correlation (P < 0.05).
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rapid signal transduction pathway committed to the generation of
an apoptotic cascade, thanks to the antioxidant molecules present
in the extracts. Such mechanism was already found by Totta [62]
for naringenin polyphenol.

5. Conclusion

The aim of our study was to investigate enthnopharmacological
claims of two Tunisian spurges in cancer treatment. Our results
reveal, for the first time, a targeted anti-cancer effect of Euphorbia
paralias and Euphorbia terracina extracts, with no risk to normal
human monocytes. Our data show the high anti-proliferative
effects of these species against human acute myeloid leukemia
THP-1 through the induction of apoptosis. However, fractions
target different death pathways. We demonstrated that caspase
activation plays an important role in the antiproliferative effect
initiated by apolar fraction but not in cells treated with polar
fraction. Moreover, studied fractions induced intracellular ROS
production without causing inflammation under the same con-
ditions. A high phenolic and terpenoid content, correlated to
potent antioxidant activity, was also found.

Taken together, E. terracina and E. paralias fractions could have a
selective action on leukemia. However, it is still unclear which
molecules were involved in this antitumor response. Therefore,



Fig. 7. Bi-plot of E. paralias and E. terracina fractions obtained from principal component analysis of data matrix of the phenolic compounds (PPT, FVT, TC), antioxidant DPPH,
ABTS, O2

��) and cytotoxic (MTT) activities with first two principal components.
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fractionation of active fractions of E. paralias and E. terracina are
underway to isolate the individual active compound(s) and to
elucicate their molecular mechanism.
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