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ABSTRACT:
Successive extraction of the aqueous methanol leaves extract, followed by purification using repeated
chromatographic techniques, yielded a new compound: isoquercetin- 5-O- methyl ether 3'-sulfate- 3-O-β-D-4C1glucopyranoside 5, along with nine known hydrolysable gllotannins. All metabolites were isolated herein for the
first time from Pelargonium zonale. The structures were elucidated by spectroscopic methods (UV, ESI-MS, 1H-,
13
C-NMR,1H-1H COSY, HSQC, and HMBC) and also by direct comparison of their spectroscopic data with
respective published data. The aqueous 80% methanol leaves extract , 1,2,3,6-tetra-O-galloyl -β-D-4C1glucopyranose 9 and 1,2,3,4,6-penta-O- galloyl -β-D-4C1-glucopyranose 10 were induced significantly high
cytotoxic activity against Hep-G2 tumor cell line compared to 6-O-monogalloyl-(α/β)-D-4C1-glucopyranose 4, 1,6di-O-galloyl-β-D-4C1-glucopyranose 7 and 1,2,6-tri-O-galloyl-β-D-4C1-glucopyranose 8. The cytopathological
changes in HepG2 cell line were comparable to the cytotoxic effect. The cytotoxicity assay results were presented
by the optical density (OD).
Keywords: Pelargonium zonale / Hydrolisable tannins / Cytotoxicity / HepG2

INTRODUCTION
The genus Pelargonium family of Geraniaceae
comprises more than 250 species of perennial
small shrubs which are limited in their
geographical distribution. About 80% of these
species are confined to the southern parts of
Africa, while others occur in Australia, New
Zealand and in the Far East [1]. Pelargonium
zonale (L.) L'Hérit, have round leaves with a
colored spot in the centre. P. zonale grows
naturally in valleys, and on the margin of
indigenous forest as well as rocky outcrops with
scrub vegetation. The importance of plants in the

genus Pelargonium in traditional medicine is well
documented [2]. For example, Pelargonium
reniforme is highly estimated by traditional
practitioners for its curative properties. The
therapeutic significance of this plant is also
documented by its present utilization in modern
phototherapy [3,4]. Interest in this genus has been
increased by reports of antituberculotic activities
and its potential as a remedy for respiratory tract
infections [5,6]
Several authors[6,7,8-10], report that the roots of P.
sidoides have antimicrobial activity, inhibiting
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Gram-positive germs (Staphylococcus aureus,
Streptococcus pneumoniae, S. beta- hemolitico
1451), Gram-negative germs (Escherichia coli,
Klebsiella pneumoniae, Proteus mirabilis), virus
(Haemophilus influenzae, Moraxella catarrhalis),
and fungus (Aspergillus niger, Fusarium
oxysporum, Rhizopus stolonifer)[6,7,9] . Several
Pelargonium species have been found to contain
mainly
tannins,
besides
oligomeric
proantocianidines formed by at least eight units of
flavan-3-ol like monomers (afzelequine, catequine
and
galocatequine),
and
the
coumarins
escopoletine, fraxidin, isofraxedin, arteline,
umckalin and its 7-O-methilether (5, 6, 7trimethoxycoumarin) [11,7,12,10,13 ]. It is also possible
to find flavonoids (quercetin), terpenes (mono and
sesquiterpens), phenylpropanoids, anacardic acid
[7,12]
and essential oils were also investigated from
some Pelargonium species [14,15] . Cell-based
assays are becoming an increasingly important part
of the preclinical pharmaceutical discovery and
validation process, as researchers directly study
the effects of chemical compounds upon a wide
variety of cell types. In vitro cytotoxicity assays
can be used to predict human toxicity and for the
general screening of chemicals. It has been
previously reported that different cytotoxicity
assays can give different results depending on the
test agent used and the cytotoxicity assay
employed[16]. The NR assay is based on the
incorporation of the supravital dye into the
lysosomes of viable cells. If toxic agents injure the
lysosomal membrane, dead or damaged cell cannot
retain the dye. After NR dye has been extracted
from
lysosome,
it
is
quantitated
spectrophotemetric[16] . Cell-based assays are
becoming an increasingly important part of the
preclinical
pharmaceutical
discovery
and
validation process, as researchers directly study
the effects of chemical compounds upon a wide
variety of cell types. In vitro cytotoxicity assays
can be used to predict human toxicity and for the
general screening of chemicals. It has been
previously reported that different cytotoxicity
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assays can give different results depending on the
test agent used and the cytotoxicity assay
employed [17]. The high content as well as wide
structural and exhaustion biological diversity of
the active constituents, reported in different
Pelargonium species stimulated us to isolate and
characterize polyphenols from P. zonale leaves for
the first time. Additionally the present study was
designed to assess the effect of P. zonale major
isolates (4, 7-10) in hepatoma cell line HepG2.
MATERIAL AND METHODS
2.1. Plant material
Pelargonium zonale leaves were collected from
plants grown in Al-Orman Botanical Garden, Giza,
Egypt. Authentication of the plant was performed
by Dr. Mohamed El-Gibaly, Lecturer of
Taxonomy
and
Consultant
for
Central
Administration of Plantation and Environment.
Voucher specimen (No. P.1) has been deposited in
the Herbarium, Theodor Bilharz Research
Institute, Giza, Egypt.
2.2. Equipments
The NMR spectra were recorded at 300 and 500
(1H) and 75 and 125 (13C) MHz, on a Varian
Mercury 300 and JEOL GX-500 NMR
spectrometers, respectively. The results were
reported as δ ppm values relative to TMS in the
convenient solvents.
ESI-MS analyses were
measured on a Finnigan LCQ deca LC/MS and
double focusing sector field MAT 90 MS
spectrometers (Finnigan, Bremen, Germany). UV
analyses for pure samples were recorded on
MeOH solutions and with different diagnostic UV
shift reagents on a JASCO (V-630) UV
spectrophotometer. For column chromatography,
Sephadex LH-20 (Pharmacia, Uppsala, Sweden),
microcrystalline cellulose (E. Merck, Darmstadt,
Germany) and polyamide S (Fluka chemie AG,
Switzerland)
were
used.
For
paper
chromatography; Whatman No. 1 sheets
(Whatman Ltd., Maidstone, Kent, England) were
used. The pure compounds were visualized by
spraying with Naturstoff reagent [(a)1% diphenyl

11

The Active Constituents of Pelargonium zonale Induced Cytotoxicity in Human Hepatoma Cell Line HepG2

boryloxyethanolamine in ethanol, (b) 5%
polyethylene glycol 400 in ethanol, heating the dry
chromatogram at 120 C for 10 min and visualizing
under UV light (365 nm)] and FeCl3 (1% in
ethanol).
Solvent
systems
S1
(nBuOH/HOAc/H2O; 4:1:5 v/v/v top layer), S2 (15%
aqueous
HOAc)
and
S3
(n-BuOH/isopropanol/H2O; 4:1:5, v/v/v top layer) were used.
2.3. Extraction and isolation
The air-dried powder leaves (750 g) of P. zonale
was exhaustively extracted with 80% aqueous
methanol under reflux (2 L x 6, 70°C). The
residue left after evaporation of the solvent (100 g)
was pre-purified with CHCl3 under reflux (2 L x 2,
50 °C). After evaporation of CHCl3 under vacuum,
dry chloroform extract (17 g) and 80 g residue
were obtained. This residue was precipitated from
H2O with excess methanol (1:10) and the filtrate
was evaporated under reduced pressure to give 60
g dry residue. It was fractionated on a polyamide S
column (300 g, 110 x 7 cm) using a step-gradient
of H2O-MeOH, 100:0-0:100 to give 25 fractions of
250 M L each, collected into 7 major collective
fractions (I-VII), monitored by comp-PC and UVlight. Fraction I (H2O, 9 g) was found to be
polyphenolic-free (FeCl3 spray reagent/PC).
Fraction II (8.50 g) was subjected to Sephadex
LH-20 CC (eluent : n-BuOH– isopropanol– H2O,
4:1:5, top layer) giving two subfractions, which
were, in turn, separated on a Sephadex column
with EtOH for elution, to give pure samples of
1(19 mg) and 2 (15 mg). Fraction III (7.30 g) was
purified on Sephadex LH-20 columns using BIW
[n-BuOH/iso–propanol/ H2O (4:1:5, v/v/v upper
layer)] to give pure samples of 3 (20 mg), which
was a major component of fraction III.
Purification of fraction IV (7.85 g) was achieved
by Sephadex LH-20 column using BIW to afford 4
(17 mg). Fraction V (7.15 g) was chromatographed
on Sephadex LH-20 with MeOH for elution to
give two major subfractions. The first one was
applied on Sephadex LH-20 column and eluted
with 30 – 50% aqueous MeOH followed by
Sephadex LH-20 with EtOH for elution to give
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pure 5 (40 mg). Repeated CC of the second
subfraction on Sephadex with EtOH for elution,
afforded pure sample of 6 (19 mg). Fraction VI
(8.15 g) was purified by repeated chromatography
on several Sephadex LH-20 columns using BIW
for elution to give pure 7 (60 mg) and 8 (67 mg).
Fraction VII (8.75 g) was applied on a Sephadex
LH-20 column using BIW for elution giving two
main subfractions. Each subfraction was further
purified by repeated chromatography on several
Sephadex LH-20 columns using EtOH, MeOH and
BIW as eluents to give pure sample of 9 (73 mg)
and 10 (89 mg). The homogeneity of all fractions
was tested by 2D- and Comp-PC on Whatman No.
1 paper sheets with solvent systems S1 and S2.
2.4. Cell culture
Human hepatocellular carcinoma HepG2 (kindly
provided by Biology Department of the American
University, Cairo, Egypt), was used in testing the
anticancer activity. The HepG2 cell line was
cultured at 37 ºC in a 5% CO2 incubator for 72
hours (hrs).When the growth was at confluence
phase, the cell line was dissociated from the
culture flask by 0.025% trypsin (Sigma) and the
culture flask was gently shacked to ensure that a
single-cell suspension was obtained. The cells
were counted using a Neubauer heamocytomter.
The cell viability was tested by the trypan blue dye
exclusion method [17].
2.5 Neutral red cytotoxicity assay
Neutral red cytotoxicity assay based on the initial
protocol described by Bradford [18] was carried out.
The cells from mother flask were seeded in a 24well microtitre plate (Corning) (1X10 6) cell/well.
The plate was incubated at 37 ºC in 5% CO2 for 24
hrs to achieve monolayer confluence. Culture
medium containing different concentrations of
crude plant extracts (10, 25, 50 and 100 mg/ml)
and 50 mg/ml of the fine major fraction were
added in triplicate. Medium without plant extracts
served as untreated control. The dye-medium was
removed and the plates were washed with formolcalcium (10 ml 40% formaldehyde, 10 ml 10%
anhydrous calcium chloride and 80 ml water). Five
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hundred µl of acetic acid-ethanol (one ml glacial
acetic acid in 100 ml 50% ethanol) was added and
the plate was kept for 15 min at room temperature
to extract the dye. Plates were then shacked for a
few seconds, so that complete dissolution was
achieved. The absorbance of the extracted dye was
measured by spectrophotometric reading (Spectra
max 190-Molecular devices) using with 540 nm
filter. The mean of three measurements for each
concentration was determined (n=6).
2.6 Cytopathological diagnosis
On the same cell population, the cells were
trypsinized and washed with phosphate buffered
saline (PBS), pH = 7.4 and collected into
centrifuge tube. Collected sample was centrifuged
at a rate of 1200–1500 rpm for 15 minutes using
Shandon Cytospin (Thermo Fisher Scientific,
Waltham, Massachusetts). The sediment was
smeared on slides that were pretreated with 3APTES (3- amino-propyl-triethoxy saline, SigmaAldrich Ireland Ltd, Dublin, Ireland). Slides were
fixed immediately in 95% ethanol for 24 hours and
then stained with hematoxylin and eosin.
2.7. Calculations and statistics
Cytotoxicity assay was measured as optical density
at 450. Dose- response curves were plotted. Data
are presented as mean ± SD. For statistical analysis
of data, multiple comparisons were performed
using one-way analysis of variance (ANOVA)
followed by the LSD test for post hoc
analysis. Statistical significance was accepted at a
level of P < 0.05. Data were analyzed using SPSS
(version 11; Chicago, IL, USA).
RESULTS AND DISCUSSION
3.1. Identification of the isolated compounds
A total of nine hydrolysable gallotannins were
isolated from the desalted and defatted 80%
methanol extract of P. zonale leaves through
consecutive column chromatographic separations.
On the basis of chemical and physicochemical
analyses, their structures were identified as, gallic
acid 1, methyl gallate 2, gallic acid 4-O-methyl
ether
3,
6-O-monogalloyl-(α/β)-D-4C1-
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glucopyranose 4[19] , 2,3-di-O-galloyl-(α/β)-D-4C1glucopyranose
6,
1,6-di-O-galloyl-β-D-4C1[20]
glucopyranose 7
, 1,2,6-tri-O-galloyl-β-D-4C1glucopyranose 8 [21], 1,2,3,6-tetra-O- galloyl-β-D4
C1-glucopyranose 9[22] and 1,2,3,4,6-penta-Ogalloyl-β-D-4C1-glucopyranose 10[19] .
Compound 5, was expected to be a methoxy
sulfated flavonol glucoside on the basis of its
chromatographic properties, IR, ESI-MS, UV
spectra, and acid hydrolysis. Compound 5 was
obtained as a yellowish amorphous powder that
appeared as blue arrow fluorescence turned to
orange with naturstoff/UV-light on PC [23] to
reflect with its Rf -values the characters of
flavonol like structures with the absence of free
OH in position 3 and 5 or absence of free 3-OH
with deoxy in 5[24] . Compound 5 UV spectra in
MeOH gave characteristic absorption maxima
band I at 341 nm for 3', 4' flavonol nucleus [24] .
UV-spectra showed bathchromic shift with
NaOMe without decrease in the intensity of band I
who was diagnostic for the presence of free 4-OH.
On the other hand, no bathochromic shift in band I
after addition of HCl to AlCl3 confirmed the
absence of free 3- and 5-hydroxyl groups. Upon
complete mineral acid hydrolysis D-glucose was
detected in the aqueous phase and its treatment
with barium chloride gave a white ppt. of BaSO4,
confirming the existence of a sulfate moiety [25]
(Comp-TLC and PC with authentic samples). The
IR spectrum of 5 exhibited a characteristic S-O
stretching absorption band at 1,250 cm-1. Its
negative ESI-MS- showed a molecular ion peak at
m/z 557.46 [M-H]-, corresponding to molecular
formula of C22H21O15S. The fragment ion peak at
m/z 395.91 indicated the loss of glucose. The
fragmentation of the molecular ion peak at m/z
395.91 revealed a daughter ion peak at m/z 381.09
[M -H- glucose - CH3]-, while the losses of OCH3
group afforded the ion peak at m/z 365.03, proving
the presence of a methoxy group. In the 1H NMR
spectrum of 5 (Table I) the presence of a 3', 4'
disubstituted B-ring was indicated by an ABX-spin
coupling system at δ 7.94 (d, J = 2.1 Hz), 7.65 (dd,
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J = 8.7, 2.1 Hz) and 6.95 (d, J = 8.7 Hz) assignable
to H-2', H-6' and H-5', respectively. Additionally
an AM spin coupling system of two meta coupled
proton signals at δ 6.45 and 6.35, (each d, J = 1.8)
were characteristic for H-8 and H-6, respectively
in a 5, 7 disubstituted A ring. The presence of a
methoxy groups was evidenced by the singlet
signal integrated for three protons at δ 3.79. All
previous data were, compatible with a structure of
isoquercetin
5-O-methyl
ether
flavonol
derivatives. An anomeric proton signal was
assigned at δ 5.32 (d, J = 7.5 Hz, β-glucosyl) in the
1
H NMR spectrum through its direct one bond
coupling in the HSQC spectrum with its own
anomeric carbon signal at δ 101.29. The 13C NMR
spectrum presented 22 carbon signals, from which
6 were attributed to the β-D-glucopyranosyl
moiety and the remaining 16 carbon resonances
were attributed to isoquercetin 5-O- methyl ether
except for resonances of ring B carbons which
showed the typical shift due to the presence of a
sulfate group at (C-3')[26] (Barron et al., 1988):ca.
4.5 ppm upfield for the ipso carbon (C-3') and ca.
7.0, 3.5, 1.5 and 5.0 ppm downfield for C-2', C-4',
C-5' and C-6', respectively. Effect of etherification
at C-5 position was confirmed from the slightly
upfield location of C-5 (~ -∆ 1 ppm) relative to
that of free 5-OH] [27] and by the observation of the
three bond correlation peak between the methoxy
proton signal at δ 3.825 and the C-5 signal at δ
160.65.
The glucosedation at 3-OH was
concluded from the slightly upfield shift of C-3 to
134.83 and a characteristic downfield shift of C-2
(~ + ∆ 10 ppm[28] . This evidence was confirmed
from the long-range correlation beak between the
hydrogen signal at 5.32 (H-1'' glucose) and the
carbon signal at 134.83 (C-3 aglycone) in the
HMBC spectrum. The sugar moiety was deduced
to have β-4C1-pyranose stereostructure based on Jvalue of the anomeric proton and δ-values of its 1H
and 13C-resonances.
All other 1H and 13Cresonances in the structure of 5 were assigned by
their comparison with the corresponding ones
published before for structure related compounds
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[26,29]

. On the basis of the previous data, compound
5 could be identified as isoquercetin 5-O-methyl
ether - 3'-sulfate.
3.2. Neutral Red Cytotoxic assay
The cytotoxic effect of Pelargonium zonale crude
extract and compounds (4,7-10) in HepG2 cell
line was determined using the neutral red cytotoxic
assay.
The cytotoxic effect in HepG2 cell line was
increased in a dose-dependent manner after
exposure to the crude plant extract. The results
presented by the optical density (OD) (Figure 1).
On using fixed concentration at 50 mg/ml of the
separated components of major isolates (4, 7-10),
OD values of the compounds (9) and (10)
(3.2±2.1) and (3.87±0.11), respectively were
significantly higher on comparing with OD values
of untreated sample and of the other compounds
(4,7,8) (Table II).
Optical density values showed that compound 10
of was the most effective in inducing cytotoxicity,
OD (3.87±0.11) and compound 9 was the second
most effective in inducing cytotoxicity in HepG2,
OD (3.23±0.21) compared to untreated sample
p<0.01 (Table II).
3.3. Cytological examination of smears prepared
from Hepatoma cell line
Treated HepG2 cells with compounds (4, 7-10)
resulted in apoptotic changes in the form of
reduction in cell volume, cell shrinkage, reduction
in chromatin condensation and formation of
numerous clear cytoplasmic vacuoles and blebs.
Hepatocytes showed also degeneration as well as
structural alteration and decrease in the number of
HepG2 cells and with necrotic debris, mainly
compounds 9 and 10 compared to untreated
sample (Figure 2A -F). The cytopathological
findings of crude extract did not show any
difference from our findings of compounds 9 and
10.
Compound with smears prepared from HepG2
cells of untreated sample malignant polyherdral
shape hepatocytes clusters of cells with enlarged
nuclei and increased nucleocytoplasmic ratio.
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Table 1. 1H-, 13C-NMR and HMBC spectral data of 5 (500/125 MHz, DMSO-d6).
No.

δ H

δ C

2

-

151.318

3

-

134.835

4

-

172.063

HMBC correlation

160.653

5
6

6.351 d (1.8)

96.103

8,10

7

-

162.388

8

6.455 d (1.8)

94.722

9

-

157.925

10

-

107.307

1'

-

121.265

2'

7.940 d ( 2.1)

122.257

3'

-

140.850

4'

-

151.192

5'

6.954 d ( 8.7)

117.02

C-1',3'

6'

7.652 dd (8.7, 2.1)

124.638

C-2,2',4'

OCH3

3.825 s

55.831

C-5

1''

5.325 d (7.5)

101.29

C-3

2''

4.29*

75.11

C-4''

3''

3.85*

77.62

C-1'', 5''

4''

4.23 t-like (9.5)

71.36

C-2'',6''

5''

3.93 m

78.13

C-6'',1''

6''

4.53 dd (12.0, 2.5)

61.100

C-4''

C-6, 10

C-2,4',6'

*Unresolved proton resonances, δ in ppm and J values (Hz), were given in parentheses. All carbon and proton
resonances were assigned on the basis of 2D (1H-1H COSY, HSQC and HMBC).
Table II: OD values (X±SE) of the P. zonale crude extract, fraction I and compounds (4,7-10) in Hepatoma cell
line.
Untreated

Plant crude

Fraction I

sample

extract

Polyphenolic free

0.88±0.2

4.3±0.23

Not detected

Compound 4

Compound 7

Compound 8

2.11±0.11a, b e

1.47±0.18C

2.33±0.40a b , c

Compound 9
3.23±0.21 a

Compound 10
3.87±0.11 a ,b ,c, d, e

Data are shown as mean ±SE from three separate experiments (Exp.) OD was measured.
a p‹ 0.01 compared to control b p‹ 0.01 compared to 7 c p‹ 0.01 compared to 8 d p‹ 0.01 compared to 4. e p‹ 0.01
compared to 9

Mona A. Mohamed, et al.

15

The Active Constituents of Pelargonium zonale Induced Cytotoxicity in Human Hepatoma Cell Line HepG2

COOR

R5O
R4O
R3O

2

O
HO

OR1

OH
OR

OR2

1- R

= R

1

2

1

= H

2- R 1 = H , R 2 = C H 3
3 - R 1 = C H 3, R 2 = H

4-R1=R2=R3=R4=H, R5=galloyl

OH

HO

6- R1=R4=R5= H, R2=R3=galloyl

HO

O

OSO3

O
7- R2=R3=R4= H, R1=R5=galloyl
8- R3=R4= H, R1=R2=R5=galloyl

HO
HO

O

HO

OH

OCH3 O 5
O
HO

9- R4= H, R1=R2= R3=R5=galloyl
10- R1=R2=R3= R4=R5= galloyl

OH

α- D-4C1-glucose

HO HO

Fig.1 Structure of isolated compounds

3.4.1Acute toxicity
It would be necessary to accumulate the activity
data of a variety of galloated tannins in order to
clarify in more detail the structure-cytotoxic
activity relationship. All isolates inhibited the
growth of tumor cell line HepG2 using the
neutral red cytotoxic assay.
Compound 10
(PGG) showed the highest activity of all, and 9
followed next. The activity of the three other
esters (4, 7 and 8) was less potent than that of 9.
The presence of the galloyl group would be a key
factor for cytotoxic activity [30] . Gallic acid was
found to show cytotoxicity against cancer cells,
without harming healthy cell [31]. Additionally
gallic acid (GA) was reported as a free radical
scavenger and as an inducer of differentiation
and apoptosis in leukemia, lung cancer, and
colon adenocarcinoma cell lines, as well as in
normal lymphocyte cells [32-34]. Inoue et al.
elucidated that [31] the carboxyl group of gallic
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acid is presumably implicated in distinguishing
between normal and cancer cells and the three
adjacent phenolic hydroxyl groups should be
essential to the cytotoxicity, since the
methylation (syringic acid, 4-O-methyl gallate)
or deletion
(protocatechuic acid,
3,5dihydroxybenzoic acid, p-hydroxybenzoic acid)
of phenolic hydroxyl groups completely removed
the cytotoxicity. These observations suggest that
a high level of galloylation and hydroxyl groups
of gallic acid moieties may be responsible for the
cytotoxic effect of PGG, in which the glucose
core is saturated with five galloyl groups.
Further studies are needed to evaluate the safety
effect of PGG in vivo and to elucidate the
molecular mechanisms by which PGG exerts its
inhibitory actions; PGG may be useful in the
prevention and treatment of cancer.
The
chemical structures of PGG and the other
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compounds used in this study are shown in (Fig.
2).
5
PZ

OD 460 mm

4
3
2

hepatocytes with apoptotic and degenerative changes,
arrows. C, D, E). Treated with compounds 4, 7, 8,
showing malignant hepatocytes forming acini and
clusters of cells with enlarged nuclei and increased
nucleocytoplasmic ratio, respectively arrows. F)
Treated with compound 10 showing small shrinking
hepatocytes with apoptotic and degenerative changes,
decrease in the number of HepG2 cells and with
necrotic debris arrows. (H&E, X200).

1
0
conc mg/ml

10

25

50

100

Figure 2: In vitro neutral red cytotoxic assay on
hepatoma cell line induced by crude extracts of PZ =
Pelargonium zonale.

Figure 3. A) Smear prepared from HepG2 cells
showing malignant hepatocytes forming acini and
clusters of cells with enlarged nuclei and increased
nucleocytoplasmic ratio, arrow. B) HepG2 cells after
treatment with compound 9 showing small shrinking
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CONCLUSION
Certain products derived from plants are known
to induce apoptosis in cancer cells but not in
normal cells [35,36]. A growing body of evidence
has emerged, based on many studies, suggesting
that products derived from plants are useful in
the treatment as well as in the prevention of
cancer. Thus, it is important to screen apoptotic
inducers from plants, either in the form of crude
extracts or as active isolated components.
Understanding the exact mechanism of their
actions may provide valuable information for
their possible application in cancer therapy and
prevention.
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