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ABSTRACT
Lepidium sativum known as Garden cress belongs to Brassicaceae family, has been known centuries ago, this plant is
widely distributed in Algeria, Lepidium sativum seeds is used in Algeria in folk medicine. In Europe the leaves of
gardencress are consumed in salad. In this study three flavonoid extracts were obtained from Lepidium Sativum seeds and
leaves: O-glycosides, C-glycosides and flavones/flavonols. The O-glycosides and C-glycosides were obtained by
separation with ethyl acetate and butanol respectively. Whereas the Aglycones (flavones/ flavonols) were generated by
acid hydrolysis. antitumoral activity has been tested towards HEp2 cells (Human Laryngeal Carcinoma Cells). At 57µg/mL
the highest cytotoxic activity of the acetate ethyl extract (extract rich on O-glycosides) was observed against HEp2 cells,
cells proliferation were reduced from 87% this effect is probably due to the apoptosis phenomena. All extracts obtained
from L. sativum leaves exhibited a strong inhibition of cell proliferation but it has not provoked apoptosis.
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INTRODUCTION
Recent advances in plant sciences have led a great interest
in the production of plant secondary metabolites for their
medicinal and aromatic uses. It is revealed that the
Brassicaceae is a high interesting family, present
vegetables, plants rich on oil and the model spices of plant
science. Among these plants Lepidium sativum L. plant
and seeds are well known in the community of Arabic
countries and some other of western Asia, although it is
now cultivated in the entire world. L. Sativum seeds have
been used in Algeria in different treatments. The seeds
paste is applied to rheumatic joints to relieve pain and
swelling. The seeds are chewed to treat sore throats,
coughs, asthma and headaches. Seeds pounded in water are
used to treat hiccoughs and stomach-aches. The seed oil is
used as an illuminant and in soap manufacture. The seeds
are used, fresh, dried or boiled consumed in drinks, either
ground in honey or as an infusion in hot milk.. Its young
leaves are eaten raw or cooked Lepidium sativum possesses
several pharmacologique activities, leaves and seeds
extracts were found to have Antihypertensive activity1,
seed extracts has proved hepato protective, hypoglycemic
and used in treating bronchial asthma2. Chemical study has
shown that seeds and leaves contain vitamin A, thiamine,
riboflavin, niacin and ascorbic acid and secondary
metabolites as sinapic acid and its choline ester (sinapin)
and flavonoids. In addition we can also found in leaves
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sinapoylglucose, esters of caffeic, pcoumaric, ferulic,
quinic acids and the esters of flavonoids3,4. Flavonoids
(C6-C3-C6) can be classified in different subclasses
(flavones, flavanones, flavonols, isoflavones, flavanols,
chalcones and anthocyanins). It is revealed that many of
these compounds are glycosylated under O-glycosides or
C-glycosides forms5,6.
The flavonoids and their glycosides have received a
considerable interest because of their protective role
against cancer and heart disease attributed of their
antioxidant activity against reactive oxygen species. To
our knowledge, the relationship between Aglycones
(flavones/ flavonols) and their analogues O-glycosides and
C-glycosides are not yet established for Lepidium sativum
seeds and leaves. Our work has focused on the effects of
various seeds and leaves extracts, (ether ethylique, acetate
ethyl and butanolic fractions) on cancer cell proliferation
and tumor growth of Human Laryngeal Carcinoma
(HEp2) cells.
MATERIALS AND METHODS
Seeds collection
Seeds of Lepidium Sativum were collected from local area
localized in the Northwest of Algeria during May 2012. It
was authenticated according to the Flora of Algeria7.
Plant growth
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Plants of L. sativum were grown in soil culture with 16/8
h light/dark cycle, 4 weeks old plants were used for the
experiment. Our study is performed on the leaves.
Preparation of extracts
Preparation of ethyl acetate and butanolic fractions
The dry seeds and leaves (20 g) powder of L sativum was
extracted during 48 h by the mixture of methanol and water
at 70% (v/v) and filtered throw disks of Watman paper n°1.
The process was repeated three times with same quantity
of solvent mixture. The different fractions were collected
then concentrated in vacuum at 40 °C. The extract was
suspended in boiled distilled water (200 mL) and extracted
by different solvents (50 mL) in order Hexane, ethyl ether,
ethyl acetate and butanol. The different solutions were
evaporated and taken up in methanol. Ethyl acetate (rich
on O-glycosides) and butanol (rich on C-glycosides)
fractions were used for this study. The amount of Oglycoside is expressed as rutine equivalent and Cglycosides content is determined as rhamnetin equivalent.
Preparation of ethyl ether extract
The protocol established by8 relies on acid hydrolysis of
O-glycosides from plant material. The aglycones (flavones
and flavonols) were extracted by ethyl ether, dried and then
solubilized in methanol. The method used by9 with slight
modifications was followed. The ethyl ether fractions were
used to determine Aglycones contents. A differential
spectrophotometric assay allowed the flavonoid estimation
at 420 nm in the presence of AlCl3. The amount was
expressed as quercetin equivalent.
Antitumoral activity
Cell Proliferation Assay
The cells were trypsinised (0.1% of trypsin Gibco, USA)
and suspended. After incubation during 48 h, cells were
exposed to Aglycones (flavones, flavonols), O-glycosides
and C-glycosides during 48 h. The cells were trypsinized
and the evaluation of proliferation rate was performed on
100 µL cell suspension by counting on Mallasez cell.
Morphological and morphometic study
The suspended cells have been incubated during 48 h and
exposed during 48 h at 57 µg/mL to Aglycones (flavones,
flavonols), O-glycosides and C-glycosides. After that, the
mediums were eliminated, and the cells were washed with
a saline phosphate-buffered (P B S, 1 x) (Gibco), fixed in
the aqueous Bouin and colored with May Grumwald–
Giemsa (M G G) (V/V, 1/1) and 100 mg/mL orange
acridine. The observation was given with an inverted
microscope.
Measurement of lipid peroxidation using MDA assay
The
MDA
level
of
cells
was
measured
spectrophotometrically. MDA reacts with TBA as a
thiobarbituric acid reactive substance (TBARS) to produce
a red colored complex that has a peak absorbance at 532
nm10. The MDA was determinate in the intracellular
compartments of control cells during 48 h of incubation
and submitted at 57 µg/mL of different extracts. After
reaction with thiobarbituric acid TBA (11) cells were
homogenized in buffered (Na 2 HPO4 /Na H2PO4) 0.2 M,
pH= 6.5 and centrifuged for 20 mn at 4 °C. The MDA
contained supernatant in presence of (10%) TCA reacts
with TBA and causes the formation of a complex. The

absorbance at 532 nm against a blank (TBA, 1 mL) that
contained all reagents except the sample. The amount of
MDA equivalents formed was calculated using MDA
standard graph prepared under similar reaction conditions.
RESULTS
Evaluation of anticancer activity in vitro
In order to research target molecules, we have evaluated
the cytotoxic activity on HEp2 cells. Cancerous cells were
exposed to flavones-flavonols, O-glycosides and Cglycosides at 57 µg.mL-1 for 24 h and cells treated with
DMSO were used as controls (Fig. 1). Microscopic image
analysis revealed that all fractions of Lepidium sativum
seeds induced the distinct characteristics of apoptosis such
as hypertrophic cell, membrane betting, chromatin
condensation. The treatment with extract containing Oglycosides
was
significantly
stronger
nuclear
fragmentation and formation of apoptotic bodies were also
appeared. In the case of the C- glycosides treatment, we
can observe apoptosis and probably necrosis cells (Fig. 1).
The cytotoxic potential of the different fractions of
Lepidium sativum leaves as also observed. As reported in
Fig 1 cells presented very small morphological changes at
the same extract concentration. The results showed that
aglycones fractions treatment have not provoked the
apoptotic effect, the acetate ethyl fraction rich on Oglycosides fraction a little cytotoxicity effect and Cglycosides fraction presented moderated cytotoxicity
effect.
Proliferation effect.
As demonstrated in Figure 2, the HEp2 cells proliferation
treated with L. sativum seeds extracts were reduced from
87%, 70% and 36% after treatment by ethyl acetate,
butanolic and ether ethylique fractions respectively. As
shown in Figure 2, the treatment with all extracts obtained
from L sativum leaves provoked a decrease on HEp2 cells
proliferation. Significant inhibition of cells proliferation
more than 78% was observed at 57 μg/ml of extract
concentration for ethyl acetate, butanolic and ether
ethylique fractions.
Malondialdehyde (MDA) determination
In order to evaluate the ROS accumulation, of treated cells,
the malondialdehyde (MDA) were measured as indicator
of lipid peroxidation (Fig. 3). The (Fig 3) indicate that only
the levels of HEp2 cells MDA treated with glycosides
extracts of L. sativum seeds increase with (744%) and
(105%) respectively for O-glycosides and C-glycosides
comparatively to control. Flavones/ flavonols do not affect
MDA levels (Fig. 3). After treatment with ethyl acetate we
have observed apoptotic cells, and MDA HEp2 cells
measurements is highly increased .it indicate that there is
an accumulation of free radicals. which take part in the
signaling mechanism of appoptosis. This results clearly
suggest that the effect of ethyl acetate L. sativum seeds
fraction is due to the induction of apoptosis. Significant
inhibition of proliferation cells of more than 78% was
observed after treatment with all L;sativum leaves extracts.
Whereas a negligible effect was shown on HEp2 cells
MDA content. the decrease of proliferation cells was
probably not due to the apoptosis phenomena.
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Figure 1. Effects of ethyl ether (Aglycones,) ethyl-acetate (O-glycosides) and butanolic (C-glycosides) fractions from
L. sativum seeds and leaves at 57 µg/ mL on the morphology of Human Laryngeal Carcinoma cells (HEp 2) after 48 h
of treatment. The cells were colored with May Grumwald–Giemsa (M G G) (G X 86,95 µm) EE S: ethyl ether seeds
fraction (Aglycones), AE S: ethyl-acetate seeds fraction (O-glycosides), BUT S: butanol seeds fraction (C-glycosides),
EE L: ethyl ether leaves fraction (Aglycones), AE L: ethyl-acetate leaves fraction (O-glycosides), BUT L: butanol
leaves fraction (C-glycosides), Hpc: Hypertrophic cell, Ab: Apoptotic bodies, Cc: Chromatin condensation, Nc:
Necrosis cell.
It could be explained by a different signaling cascade
probably by cell cycle arrest. Oxidative stress and cellDISCUSSION
Proliferation inhibition and apoptotic induction of tumor
cycle regulation are two essential elements in the apoptosis
cells are phenomena to prevent tumor growth and to
process. Also, another form of cellular death was observed
eliminate cancer all extracts tested in the present study
after C-glycosides treatment13. have demonstrated that Opossessed antitumor activities towards Hep2. These results
glycosides obtained from Gleditsia triacanthos were
have demonstrated clearly that the extract from L. sativum
inactive at different concentrations (12.5 - 100 µg/mL)
seed containing O-glycosides (ethyl acetate fraction)
towards Hep G2.Whereas, the vitexin (C-glycosides) at
induced an important inhibition of tumor cells than C100 µg/mL induce the lowest effect. Compared to the
glycosides and aglycones. It seems that these compounds
previous report, we have found that Lepidium sativum
act differently on HEp2 cells. The O-glycosides provoked
extracts exhibit a significant cytotoxic activity. In contrast
increase in MDA content which is an indicator of lipid
the different extracts from L. sativum leaves causes an
peroxidation. Accumulation of Reactive Oxygen Species
important decrease of proliferative toward HEp2 cells
(ROS) in cell caused the peroxidation lipid. The ROS are
(more than 78%), this effect is not associated with an
important chemical messengers to promote apoptosis
induction of apoptosis. This results is probably due to the
phenomena12. In the case of aglycones, we have observed
composition of L sativum leaves flavonoids, Flavonoids
the apoptosis effect but not accumulation of the ROS.
of Brassicaceae (=Cruciferae) plants are present in high
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Figure 2. Proliferation effect on HEp 2 cells of different flavonoid extracts.
EE S: ethyl ether seeds fraction (Aglycones), AE S: ethyl-acetate seeds fraction (O-glycosides), BUT S: butanol seeds
fraction (C-glycosides), EE L: ethyl ether leaves fraction (Aglycones), AE L: ethyl-acetate leaves fraction (O-glycosides),
BUT L: butanol leaves fraction (C-glycosides)
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Figure 3 The MDA proportion of various antioxidant compounds (Aglycones, O-glycosides and C glycosides).
EE S: ethyl ether seeds fraction (Aglycones), AE S: ethyl-acetate seeds fraction (O-glycosides), BUT S: butanol seeds
fraction (C-glycosides), EE L: ethyl ether leaves fraction (Aglycones), AE L: ethyl-acetate leaves fraction (O-glycosides),
BUT L: butanol leaves fraction (C-glycosides)
concentrations in the epidermis of leaves and fruits.
Flavonols are the most widespread of the flavonoids.
quercetin, kaempferol and isorhamnetin, are the main
flavonols in Brassicaceae species, and they are most
commonly found as O-glycosides5. L. sativum possessed
also quercetin, kaempferol14 A variety of indirect
anticancer effects of flavonoids have been reported,
including inhibition of cancer cell proliferation and
induction of apoptosis15. Quercetin reported suppress the
proliferation of cancer cells but did not affect normal
cells16,17. kaempferol (flavonol) inhibited proliferation of
malignant human cancer cell lines18.

Flavonoids from L. sativum seeds and leaves were
investigated for their cytotoxic activities towards HEp2
cells.
The results obtained in this study showed that ethyl acetate
fraction (O-glycosides) of L. sativum seeds had the best
cytotoxic effect towards HEp2 cells followed by butanol
seed fraction . We report the first study on flavonoids of L.
sativum leaves, we can conclude that all extracts possess a
good cytotoxic activity. Additional prospective studies are
required to confirm these findings, in first time to isolate
and identificate the responsible compound of this
cytotoxicity. And in another hand, these extracts could be
evaluated toward different types of cancer.
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