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ARTICLE INFO ABSTRACT

Objective: To evaluate in vitro antioxidant and apoptotic activities of Cyperus rotundus (C.
rotundus). Methods: The phytochemical study and the antioxidant activities of both methanol
and aqueous extracts from C. rotundus aerial part were determined. In addition, these extracts
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Available online 20 February 2014 were also investigated for their cytotoxic and apoptotic activities. The major compound of the

methanol extract was isolated. Both methanol and aqueous extracts (300, 150, and 50 (£ g/mL) were
evaluated for their antioxidant activity by the xanthine/xanthine oxidase assay system. However,

16, 8, and 4 mg/mL of each extract were tested to investigate their OH. formation scavenging

Keywords: potential. Aqueous extract (800, 400, and 200 ¢+ g/mL) and methanol extract (350, 175, and 88 ¢+ g/mL)
Polyphenols were tested against lipid peroxidation, induced by 75 ¢ M H,0,. The cytotoxicity (by MTT assay)
Orientin

and cell DNA fragmentation of both extracts were evaluated towards K562 and L1210 cell lines.

Xanthine/Xanthine oxidase assay The major compound was obtained from the butanol fraction of methanol extract and its structure

Lipid peroxidation assay

. was determined by RMN spectroscopic analysis. Results: The methanol and aqueous extracts
Deoxyribose assay

showed respectively, 88% and 19% inhibition of xanthine oxidase activity. Yet, the same extracts
inhibited lipid peroxidation by 61.5% and 42.0%, respectively. Both extracts inhibited OH.
formation by 27.1% and 25.3%, respectively. Only methanol extract induced DNA degradation.
Orientin was determined as the major compound isolated from the butanol fraction of methanol
extract. Conclusions: It appears that C. rotundus extracts exhibit a potential use as a natural

DNA fragmentation

antioxidant and an apoptosis inducer.

industries has resulted in a large body of research in the
recent years characterizing the mechanisms of action of
well known lipid and water—soluble antioxidants such as

1. Introduction

Overproduction of reactive oxygen species is considered
a major cause of molecular injury and is implicated in the
pathogenesis of several human diseases and age—related
degenerative processeslll. Interest in the natural sources of
antioxidant molecules in the food, beverage, and cosmetic
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tocopherols and ascorbic acid, respectively, as well as the
antioxidants isolated from herbs, spices, oilseeds, green and
black tea, citrus fruits, grapes, and alcoholic beveragesi2l.
Among these, the natural polyphenolic compounds,
especially flavonoids, have been largely studied for
their strong antioxidant capacityl3], and they have been
demonstrated to possess a therapeutic potential in some
human disorders, including cancer, atherosclerosis, and
liver diseasesl4l. Supporting this, the antioxidant and
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chemoprotective properties of individual food flavonoids or
polyphenolic extracts have been widely reported in cultured
cellslsl, animal modelsl6] and humansl7l.

Cyperus rotundus (C. rotundus) Linn, a sedge of the
Cyperaceae family, is widely scattered in the Mediterranean
basin areas. This plant, which grows naturally in tropical,
sub—tropical and temperate regions, is widespread in the
north—east, Center and south Tunisial8l. C. rotundus is a
traditional medicinal plant appearing among Indian, Chinese
and Japanese natural drugs used against spasms, stomach
disorders, and inflammatory bowel diseasesl9l. Although
it has already been demonstrated that aerial parts of C.
rotundus contain phenolic compounds, little is known about
their antioxidant and antigenotoxic potentials(10.11]. We firstly
investigated the effects of aqueous and methanol extracts
from the aerial parts of C. rotundus, on the genotoxicity
induced by both Aflatoxin B1 (AFB1) and sodium azide, in a
bacterial assay system, ie. the Ames test. The two extracts
also exhibited an important free radical scavenging activity
towards the 1,1-diphenyl-2—picrylhydrazyl (DPPH.) free
radicall10l. Previous phytochemical studies on C. rotundus
revealed the presence of alkaloids, flavonoids, tannins,
starch, glycosides and furochromones, and many novel
sesquiterpenoids(12-14],

Accordingly, in the present study, the antioxidant
properties of the aerial part extracts were evaluated
through biochemical assays ie.; the xanthine/xanthine
oxidase enzymatic assay system, deoxyribose assay and
the inhibition of lipid peroxidation induced by H,0, in
the Human chronic myelogenous leukemia cell line K562,
through the formation of thiobarbituric acid-reactive
substances. Furthermore, the effects of C. rotundus on cell
proliferation and apoptosis induction in murine and human
leukemia cells were also examined. Besides, the main
phenolic (orientin) compound in the methanol extract was
isolated by chromatographic methods and was determined
by spectroscopic data analysis and by a comparison with the
literature.

2. Materials and methods
2.1. Plant material

C. rotundus aerial parts were collected in the region of
Monastir in the Center of Tunisia in October 2007. The
botanical identification was carried out by Pr. M. Chaieb
(Department of Botany, Faculty of Sciences, University
of Sfax, Tunisia), according to the flora of Tunisial8l. A
voucher specimen (Cp.10-07) was kept in the laboratory of
Pharmacognosy, Faculty of Pharmacy of Monastir, for future
reference.

2.2. Preparation of plant extracts

The fresh aerial parts of C. rotundus, were dried at room
temperature and reduced to coarse powder. In the present
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study, two extracts were investigated. The powdered leaves
were extracted by boiling water for 15 to 20 min. The crude
extract obtained was filtered and lyophilized (aqueous
extract); Methanol extract was obtained by Soxhlet extraction
(6 h). This extract was concentrated to dryness and the
residue was kept at 4 °C.

2.3. Quantitative analysis of extracts

2.3.1. Determination of total polyphenol and flavonoid
content

The polyphenol content of C. rotundus was quantified by
the Folin—Ciocalteau reagentl15].

The polyphenol content was expressed according to the
following formula:
% polyphenols = [(DO paer X0.2/DO
concentration] X100

Gallic acia)/ EXtract
A known volume of each extract was placed in a 10 mL
volumetric flask to estimate the flavonoid content according
to the method of Zhishen et all161.
The flavonoid content was expressed according to the
following formula:
% flavonoids = [(DO, ;.. X0.05/DO
concentration] X 100.

/Extract

Quercetin)

2.3.2. Determination of tannin content

The method described by Ch a abane et all17] was used for
the determination of tannin content of the samples.

The tannin content (tannic acid equivalents) was calculated
in triplicate, using the following formula:
% tannins =[( DO,,.../ € X 1)/Extract concentration] < 100,
Where ¢ ; molar extinction coefficient (I g”'em™) of tannic
acid =3.271g'emyand 1 = 1 cm.

2.4. Extraction and isolation of orientin

The residue of the methanol extract (10.6 g) was suspended
in warm water and incubated overnight at 4 °C. The following
day, the solution was filtered and successively portioned
between water and chloroforme (v/v). The aqueous phase is
then recuperated and treated with 1-butanol saturated in
water (v/v). Each liquid-liquid extraction was carried out
three times. The obtained sub—extracts were concentrated
by evaporation under vacuum to dryness.

The butanol soluble fraction (0.9 g) was purified by passage
through C-18 gel disposable extraction column eluted with
a gradient H,0: MeOH (90:10 to 0:100) increasing MeOH
contents and 15 sub—fractions were collected. Sub—fraction
9 was chromatographed over Sephadex LH-20 eluted with
MeOH: H,O (90:10) to afford 3 mg of orientin. This compound
was identified by comparaison of its NMR data with the
literaturel18]. Nuclear magnetic resonance spectra were
obtained using a Bruker® Avance spectrometer, operating at
300 MHz for 'H. Dimethyl sulfoxide (DMSO-d,) was used as a
solvent.
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2.5. Evaluation of xanthine oxidase inhibition effect

The inhibition of xanthine oxidase (X0) was measured
according to the decrease in uric acid absorbance at 290 nm
as proposed by Limem et all19]. The tested concentration was
50, 150, and 300 ¢ g/mL, for each extract.

2.6. Hydroxyl radical assay

The hydroxyl radical scavenging activity was determined
according to the method of Halliwell et all201. The hydroxyl
radical scavenging activity of the extracts was measured by
the competition between deoxyribose and the extracts for the
hydroxyl radicals generated from the Fe*/ascorbate/EDTA/
H,0, system (non site—specific assay) or Fe’"/ascorbate/
H,0, (site—specific assay). The hydroxyl radical scavenging
activity was calculated using the following formula: Hydroxyl
radical scavenging activity (%) = [(A, — A,/Ay) X 100], where
A, is the absorbance of the control (without extract), and A,
is the absorbance in the presence of extract or the standard
sample.

2.7. Cytotoxicity studies in vitro

2.7.1. Culture of cells

K562 (human chronic myelogenous leukemia) and L1210
(murine leukemia) cell lines were obtained from American
Type Culture Collection (Rockville, MD). The cells were
cultivated in RPMI-1640 medium supplemented with 109% v/
v fetal calf serum, 1% gentamycin and 2 mM L-glutamine
as a complete growth medium. The cells were incubated at
37 °C in an incubator with 5% CO, in humidified atmosphere.

2.7.2. Assay for cytotoxic activit)

The cytotoxicity of C. rotundus extracts against the two
leukaemia cell lines was estimated by the MTT assay, based
on the cleavage of the tetrazolium salt by mitochondrial
dehydrogenases in viable cells. The resulting blue formazan
product can be measured spectrophotometrically. The
cytotoxic effects of the extracts were estimated in terms of
growth inhibition percentage and expressed as 1Cy[211.

2.8. Lipid peroxidation inhibitory activity

Lipid peroxidation inhibition activity was monitored by
the measurement of malondialdehyde (MDA) according to
the method of Ben Ammar et all22l. The cells were exposed
to various concentrations of each extract in the incubation
during 2 h, followed by 75 ¢ M H,0, treatment for 2 h. The
inhibitory activity towards lipid peroxidation was expressed
as ICy, (concentration of extract giving 50% inhibition of
MDA-TBA complex formation) compared to control solution,
without the tested extract.

2.9. Electrophoretic analysts of DNA fragmentation

DNA fragmentation was analysed by agarose gel

electrophoresis as described by Wang et all23], with slight
modifications. L1210 and K562 cells (1.5x10° cells/mL)
were exposed to the extract for 24 and 48 h and harvested
by centrifugation. The cells were then treated to extract
chromosomal DNA which was transferred to a 1.5% agarose
gel. The gel was visualized under UV light after staining with
ethidium bromide (1 ¢ g/mL).

2.10. Statistical analysis

Data were collected and expressed as the mean—+standard
deviation of three independent experiments and ICj,
values, from the in vitro data, were calculated by regression
analysis. Statistical significance was determined using the
Student’s ¢—test. P<0.05 was considered as indicative of
significance as compared to the control group.

3. Results
3.1. Total /)/1('/1()/[(',\‘ contents

The phytochemical study of C. rotundus extracts showed
the presence of various quantities of total polyphenolic,
flavonoids compounds and tannins. In this work, the total
polyphenol content of the extracts was expressed as gallic
acid equivalents(24] following confirmation of linearity of the
response of the assay using the extract. The total flavonoid
content of the C. rotundus extracts was determined by the
method of Zhishen et all16l.

The phytochemical study of both methanol and aqueous
extracts revealed the presence of polyphenols [respectively,
(290.0+14.5) and (200.0+3.0) 1 g equivalent of gallic acid/
mg of each extract], and falvonoids [respectively, (330.0+
11.0) and (260.012.5) g equivalent of quercetin/mg of each
extract). Yet, tannins were weaker with respectively (68.7+
2.5) and (59.618.5) 1 g/100 mg of the extract. The percent
yield of the aqueous extract was 13.7% and the methanol
extract was 13.2%. On the other hand, we were interested in
fractionating the methanol extract not the aqueous extract in
this work, because the methanol extract is the most active
extract tested in the different in vitro methods to evaluate
the antioxidant and apoptotic activities compared to the
aqueous extract.

3.2. ldentification of orientin

The structural identification of orientin was established
using spectroscopic analysis, especially, NMR spectra
and a direct comparison with the published data. This
predominant compound (Figure 1) was found to belong to
the secondary metabolite class of flavonoids and it might
influence the antioxidant and apoptotic activities of the
methanol extract. This compound is one among other
flavonoids, not yet identified in this extract, and which we
discussed its potential role in the biological activities of the
original extract.
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Figure 1. Orientin.
3.3. Evaluation of xanthine oxidase activity

We evaluated the influence of the aqueous and methanol
extracts isolated from C. rotundus aerial parts on the
xanthine oxidase activity, in an enzymatic oxidation
system of xanthine to uric acid and superoxide anion as
final products. This system seems to be more related to the
physiological conditions(25]. In Figure 2, we reported that
increasing concentrations of both aqueous and methanol
extracts lead to a progressively decreased formation of uric
acid and therefore to the superoxide anion. It seems that
methanol extract is more efficient to inhibit xanthine oxidase
when compared to the aqueous extract with respectively 889
and 19% at the same concentration of 300 ¢ g/mL.
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Figure 2. Inhibition of uric acid production by xanthine oxidase
reaction in the presence of different concentrations of aqueous and
methanol extracts from C. rotundus.

*: P<0.05 as compared with the control group.

3.4. Hydroxyl radical scavenging activity

In the present study, we examined the inhibitory action
of aqueous and methanol extracts on deoxyribose assay
which gives an indication of hydroxyl radical scavenging
action and iron chelating activityl26l. Both aqueous and
methanol extracts of C. rotundus displayed hydroxyl radical
scavenging activity. As shown in Figure 3, these extracts
exhibited dose—dependent inhibitory effects on hydroxyl
radical formation. The maximal inhibitory percentages were
25.3% and 27.1% in the presence of the aqueous and the
methanol extracts (16 mg/ml), respectively. The methanol
extract exhibited higher metal ion chelating activity than the

aqueous extract with an inhibitory percentage of 62.5% at 16
mg/mlL (Figure 4).
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Figure 3. Hydroxyl radical scavenging effect of C. rotundus extracts.
*: P< 0.05 as compared with the control group.
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Figure 4. Metal ion chelating activity of C. rotundus extracts.
*; P<0.05 as compared with the control group.

3.5. Effect of different extracts on the proliferation of L1210
and K562 leukemia cells

It is well known that the different cell lines might exhibit
different sensitivities to a given compound, the use of more
than one cell line is, therefore, considered necessary in
the detection of the antiproliferative substances. Thus,
the relationship between the concentration of the extracts
and their cytotoxic effect on L1210 and K562 cells were
investigated by MTT assay. The results of this experiment
demonstrated that the methanol extract showed a higher
cytotoxic effect on K562 cells [ICs, = (175.0+1.2) ¢ g/mL|
compared to that observed on L1210 cells [ICs, = (400.0+1.3)
t g/mL]. No significant cytotoxic activity was shown towards
L1210 and K562 cells after treatment with up to 800 ¢ g/
mL aqueous extract. These results show that the methanol
active extract from C. rotundus inhibited the proliferation of
both murine and human leukemia cells in a concentration—
dependent manner.

3.6. Anti—lipid peroxidation activity

The inhibitory effects of the different concentrations of
C. rotundus extracts on MDA production, induced by H,0,
in K562 cell line, are shown in Table 1. The inhibition of
MDA formation increases with increasing concentrations
of each of the tested extracts. The anti-lipid peroxidation
activity was obtained at the concentration range of 88 to
350 ¢ g/mL of methanol extract and of 200 to 800 ¢ g/mL of
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aqueous extract, and the inhibition rates were in the range
of respectively, 57.3% to 61.5% and 24.7% to 42.0%. The
methanol extract showed more significant protection effect
than the aqueous extract at the same concentrations, against
lipid peroxidation. The 50% MDA inhibitory concentration
(ICs) value of the methanol extract was determined by the
thiobarbituric acid test was 40 ¢ g/mL, ICs, of while aqueous
extract was >800 ! g/ml.

Table 1
Protective effect of C. rotundus extracts against lipid peroxidation
induced by H,0, (75 1+ M) in K562 cells.

Extract Concentration ( 1+ g/mL) % inhibition"

Aqueous extract 200 24.7 £ 1.0
400 29.0 & 0.9%
800 42.0 = 1.0*

Methanol extract 88 57.3 £ 1.0%*
175 60.0 = 0.8%
350 61.5 = 0.6*

* Results are means*standard deviation of duplicate analysis of

three replications. *: P<0.05 as compared with the control group.

3.7. Induction of apoptotic DNA fragmentation by extracts

The examination of electrophoretic profiles revealed a DNA
ladder formation characteristic of apoptosis (Figure 5). L1210
cells exposed to 400 and 800 ¢ g/mL of the methanol extract
during 48 h, showed a clearly fragmented DNA, whereas the
control cells did not provide this specific ladder DNA profile.
However, the cells treated with the aqueous extract exhibited
no ladder DNA profile with 11210 as well as with K562 cells.
The higher sensitivity of 11210 cells to the methanol extract—
mediated inhibition of proliferation compared to aqueous
extract, suggests a selective influence of methanol extract
on L1210 cells. We deduce that the methanol extract from C.
rotundus induce apoptosis of L1210 cells.

48 h 24 h

Figure 5. Agarose gel electrophoresis of DNA extracted from L1210
cells treated with methanol extract.

(A) 800 ¢ g/mL, (B) 400 ¢+ g/mL and (C) 200 ¢ g/mL for 48 h, (D) 800
@ g/mL, (E) 400 ¢ g/mL and (F) 200 ¢ g/mL for 24 h, (G) control (non
treated cells).

3.8. Correlations of antioxidant activities in different in vitro

model systems and cytotoxic effect of extracts with their total
phenolic content

Polyphenols have been reported to be responsible for
the antioxidant and apoptotic activities of the extractsl27].
We undertook to evaluate the correlation extent between
the antioxidant activities and the phenolic content of the
tested extracts by using a linear regression analysis. The
correlation of the total phenolic content against the different
activities was satisfactory (r>0.7). Our results proved that
the phenolic content and the antioxidant activity induced
by the aqueous extract correlate very well when testing its
effect against uric acid and 0,. formations using X/XO assay
as well as its ability to chelate iron ions in deoxyribose
assay (r=0.956 and r=0.954, respectively). We also detected a
good correlation between the inhibition percentage of lipid
peroxidation, hydroxyl radical scavenging percentage, and
its chemical contents (r=0.872 and r=0.773, respectively).
However, a higher correlation (=0.997) was detected between
the mean values of the total phenolic contents of methanol
extract and its hydroxyl radical scavenging effect. This same
extract revealed a significant inhibitory effect against lipid
peroxidation and xanthine oxidase activity. These inhibitory
effects are highly correlated to the total phenolic content of
the extract respectively, r=0.976 and r=0.880.

Nevertheless, a less significant correlation was revealed
between the hydroxyl radical scavenging effects of both
aqueous extract and methanol extract, and their phenolic
contents (respectively r=0.773 and r=0.734). These results
could be partially explained by the fact that, the kinds of
phenolic content should influence the biological activity of
a given extract(28]. Besides, the cytotoxic effect towards K562
and L1210 cells, of both aqueous and methanol extracts,
was strongly correlated with the total phenolic contents with
respectively, r=0.982 and r=0.998 in the presence of aqueous
extract and r=0.999 and r=0.897 in the presence of methanol
extract.

4. Discussion

Increasing attention is given to the study of natural
products, which may counteract the detrimental effects
of environmental toxic compounds and prevent multiple
human diseases such as neurodegenerative diseases,
ageing, rtheumatoid arthritis, metabolic diseases such as
atherosclerosis, diabetes, hypertension, cancer, etc.. In this
line, different medicinal plants have been re—evaluated
and recognized as valuable sources of nutraceuticals[29].
Recently, several dietary supplements containing vitamins,
polyphenols, or flavones also play a significant role in
this matter. Phenolic compounds are very important plant
constituents because they exhibit an antioxidant activity by
inactivating lipid free radicals or preventing decomposition
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of hydroperoxides into free radicals(30l.

This study is designed to evaluate the antioxidant and
apoptotic activities of C. rotundus extracts employing a
variety of in vitro methods. The antioxidant activity was
tested using different in vitro tests ie.; the xanthine/xanthine
oxidase enzymatic assay system and the deoxyribose assay.
The xanthine/xanthine oxidase assay demonstrated that
the methanol extract is an effective inhibitor of xanthine
oxidase. In fact, the preliminary chemical study showed that
flavonoid, tannin and polyphenol contents in the methanol
extract are higher than those detected in the aqueous
extract(10l. Thus, we can ascribe the higher antioxidant
activity of the methanol extract compared to that of the
aqueous extract to its high flavonoids, a group of natural
products exhibiting many biological and pharmacological
activities. The inhibition of several enzymes by flavonoids
has been demonstratedi31l. Besides, it has been reported that
flavonoids inhibit xanthine oxidase and have superoxide
scavenging activities[17l. As orientin is the predominant
compound in methanol extract, we hypothesized that it
might influence the antioxidant activity of this extract. In
fact, orientin is reported by Makio et all321to have anti—
DPPH activity and superoxide radical scavenging effect.
However, we cannot exclude other minor phenolicl11.33]
or non—phenolic compounds that could participate in the
antioxidant activity of this extract. The antioxidant activity
is generally the result of the combined activities of a wide
range of compounds, including phenolics (eg. orientin),
peptides, organic acids and other components(34].

Likewise, the antioxidant capacity of C. rotundus extracts
was evaluated by deoxyribose assay which gives an
indication of hydroxyl radical scavenging action and iron
chelating activity. The hydroxyl radical is an extremely
reactive free radical formed in biological systems and is
implicated as a highly damaging species in free radical
pathology, capable of damaging the biomolecules of
the living cells. In addition, this radical species has the
capacity to cause DNA strand breakage, which contributes
to carcinogenesis, mutagenesis and cytotoxicityl35l. On
the other hand, iron is known to generate free radicals
through the Fenton and Haber—Weiss reaction. The metal
ion chelating activity of an antioxidant component prevents
oxyradical generation and the resulting oxidative damages.
Metal ion chelating capacity also plays a significant
role in the antioxidant mechanism since it reduces the
concentration of the catalysing transition metal in lipid
peroxidationi36l. In fact, the methanolic extract exhibited
higher metal ion chelating activity than aqueous extract and
displayed hydroxyl radical scavenging activity.

We conclude that, the antioxidant activity of the tested
extracts evaluated by the different methods may be
correlated with their phenolic contents. Plant phenolic
compounds constitute one of the major groups of compounds
acting as primary antioxidants and free radical terminators
by donating hydrogen from the phenolic hydroxyl
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groupsl17.37]. Flavones C—glycosides are of particular interest
because of their limited occurrence in plants and their
important therapeutic properties, including the prevention
of cardiovascular disorders related to oxidative stress.
In tissue cultures of Passiflora quadrangularis, several
C—glycosylated flavones such as isoorientin, orientin, vitexin
and isovitexin were induced in varied amounts, and their
antioxidant activity was determined by DPPH assayl38.39].
However, orientin was predominant in C. rotundus methanol
extract, and might influence the antioxidant activity in the
different tested in vitro model systems.

In order to screen the cytotoxic effects of all extracts, we
performed a preliminary study on the cytotoxicity of the
extracts in K562 and L1210 cell lines exposed to various
extract concentrations. Our results indicate that methanol
extract was the most active extract against both of the two
cell-lines which differ by their origin and morphology. It
is suggested that polyphenolic compounds have inhibitory
effects on mutagenesis and carcinogenesis in humans[1037].
Some studies have shown that flavonoids are able to
influence a variety of cell function by modulating cell
signalling, altering proliferation and inducing cytotoxicity in
cancer cell linesl40l. Moreover, flavonoids showed cytotoxic
effects on various human cell lines, such as leukaemia cells
and ovarian cancer cellsl41l. Orientin is one of the main
flavonoids identified in the methanol extract of C. rotundus.
This compound is described as reducing by half the number
of cancer—associated changes in the cells of human blood
exposed to radiationl42]. However, minor components could
also contribute to the cytotoxic activity of this extracts. It is
also possible that the components act synergistically to allow
the extract to be active.

On the other hand, the low cytotoxicity exhibited by the
aqueous extract indicates that the compounds present in this
extract are weakly cytotoxic. The difference in cytotoxicity of
both extracts may be attributed to the differences in the ratio
of compounds involved in the cytotoxicity of each extract.
However, we cannot exclude the role of other compounds
apart from polyphenols, tannins or flavonoids in this
cytotoxic effect. In fact, as reactive oxygen radicals play an
important role in carcinogenesisl43], it is possible to suggest
that the presence of antioxidants in the C. rotundus extracts
may play some roles in reducing cancerous cell number.

Lipid peroxidation has been broadly defined as the
oxidative deterioration of polyunsaturated lipids. MDA
is usually taken as a marker of lipid peroxidation and
oxidative stressl44l. The data obtained showed that the
inhibition percentage of MDA formation induced by H,0,
in the leukemia cell line K562 increases with increasing
concentrations of each of the tested extracts. In our previous
study, we showed that the tested extracts contained higher
flavonoids and tannins in the methanol extract than in the
aqueous extract. These findings suggest that there can be
a correlation between the antioxidant activity and phenolic
content of each extract. On the other hand, the aqueous
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extract showed the lowest antioxidant activity compared to
the methanol extract. This may be due to variation in the
quality and quantity of the different compounds present in
the aqueous extracts.

In fact, flavonoids have been shown to exhibit antioxidative,
antiviral, antimicrobial, antiplatelet and antitoxic
activitiesl4sl. The biological activities of these polyphenols
in the different systems are believed to be due to their redox
properties, which can play an important role in absorbing
and neutralizing free radicals, quenching singlet and triplet
oxygens, or decomposing peroxides|46.47]. Markham et all48]
reported that 3-,4-—dihydroxyflavonoids (eg. orientin, and
quercetin glycoside) are capable of free radical scavenging
and this might be a very important response to UV—damage
in plants.

To investigate whether the anti—proliferative effect of
C. rotundus extracts is due to induction of apoptosis, an
electrophoretic analysis of DNA fragmentation was used.
Methanol extract exhibited a ladder DNA profile only in
L1210 cells. The apoptotic effect of C. rotundus on leukemia
L1210 cells reflects its potential therapeutic value in cancer
treatment and we hypothesised that the regulation of
apoptotic genes may be controlled by their phenolic content.

As far as C. rotundus extracts tested in the present
study were in crude form and probably contained many
compounds which may well act synergistically, it is not
possible to say which compounds are responsible for
the observed effects. However, our data suggest that the
biological effects exhibited by this plant, under these
experimental conditions, could be related to an overall effect
of the tannins and flavonoids in these extracts. However, as
for asorientin, one of the major compound detected in the
methanol extract, it is reported to have significant protection
to the human lymphocytes against the clastogenic effect of
radiation, radiation lethality and chromosomal aberrations
in vivol49l. We believe that orientin largely contribute to the
apoptotic effect of the methanol extract on L1210 cells.

The correlation coefficients exhibited a high relationship
between total phenolic content in the methanol extract and
its cytotoxic effect on one hand and its antioxidant activity
on the other hand compared to the aqueous extract.

The present study suggests that the extracts of C. rotundus
plant are potential sources of natural antioxidants and
cytotoxicant. However, the in vivo safety of these extracts
needs to be thoroughly investigated in animal experiments
prior to its possible application as an antioxidant ingredient,
either in animal feeds or in human healthy foods. Further
studies are needed on the isolation and characterization of
individual compounds to elucidate their different antioxidant
mechanisms and the existence of possible synergism, if any,
among the compounds.
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