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ABSTRACT

Antioxidant potential of various solvent extracts of Chicory (Cichorium intybus L) leaf was evaluated.
Among the extracts, the aqueous extract showed maximum radical scavenging activity by DPPH method
(87.45%) as well as total polyphenolic content (51.69 mg/g extract). The aqueous extract was further
evaluated for its in vitro antioxidant potency toward reducing power, superoxide scavenging activity,
metal chelating property and hydroxyl radical scavenging ability. Protection against radical induced
protein oxidation (BSA) and DNA damage (by pBR322 plasmid DNA nicking assay and SCGE assay)
were also evaluated. The results indicates that the aqueous extract of chicory posses a marked radical
scavenging properties and offered significant protection against protein oxidation and DNA damage,
which could be attributed to the presence of phenolic compounds. As for the safety is concerned; the
extract did not cause any toxic symptoms at acute and sub chronic toxicity levels used in the study.
Moreover, it also showed to be free of any cytotoxicity towards rat’s lymphocytes. Therefore, Chicory
leaves can be considered as a source of natural antioxidants for pharmaceutical or dietary needs.
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INTRODUCTION

Oxidative stress plays an important
causative role in initiation and progression of
several diseases like cancer, cardiovascular
diseases, inflammation, aging etc through
excessive formation /or incomplete removal of
highly  reactive  oxygen species (ROS).
Biomolecules such as carbohydrates, proteins,
DNAs, lipids undergo oxidative damage by the
deleterious effect of oxygen radicals.*? These
destructive effects are prevented by several natural
antioxidant  defense mechanisms such as
antioxidant enzymes (Superoxide dismutase,
catalase, glutathione peroxidase) and biomolecules
(glutathione, vitamins E and C). Under
pathological conditions, the efficiency of the
antioxidant defense mechanism is altered and over
production of radicals cause imbalance among pro
and antioxidants and former takes over the later
leads to tissue damage.**! Epidemiological studies
have suggested associations between the
consumption of polyphenol-rich foods or
beverages and prevention of diseases. ' There is a
great deal of interest in edible plants rich in
antioxidants and their health-promoting properties.

Chicory (Cichorium intybus L) is a member
of Asteraceae family. It is an erect, glandular,
biennial herb with a tuberous taproot and rosette of
30-70 leaves. The stem grows up to 90 cm height.
It is grown as a leaf vegetable or salad green in
Europe and as a fructose crop in many parts of the
world. Roots are often used as a coffee substitute
or supplement, particularly in India and South
Africa, where more than 90% of all the coffee
consumed contains Chicory.®! The plant is being
used traditionally to cure various ailments in
Ayurvedic and Unani systems and found to have
enormous application in food industry as well. The
leaves are used for easing skin inflammations and
swellings. The whole plant extracts was reported to
have anti-diabetic, antioxidant, [
antibacterial, immunotoxic,
antihepatotoxic, and  Cardioprotective
properties. " Insulin, fructooligosaccharides,
polyphenols such as chlorogenic acid, caffeic acid
derivatives are the main active compounds present
in it. ®® Though there is a regular treatment
schedule for various ailments involving leaves, no
detailed studies have been reported regarding
antioxidant potency and its safety aspects so far.
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Therefore, the purpose of this study was to
evaluate the antioxidant properties, as well as the

toxicity if any, of Chicory leaves.

MATERIALS AND METHODS

Folin-Ciocalteu reagent (FCR), Na,COs,
Ferrozine, NBT, PMS, and NADH were
purchased from Sisco Research Laboratory
(SRL, Mumbai). Gallic acid, FeCl, BHT, Ferric
cyanide and EDTA were procured from E-
Merck, Mumbai, India. DPPH, 2-deoxy-D-ribose
and HiSep™ LSM 1077 media were purchased
from Hi-Media. pPBR322 plasmid was purchased
from Genei, Bangalore. BSA, Agarose, and
ethidium bromide were purchased from Sigma-
Aldrich (St.Louis.MO). All other reagents were
of analytical grade. For toxicity studies, kits from
Agappe (Agappe Diagnostics Ltd, Kerala) were
used for estimating cholesterol, creatinine, urea,
SGOT, SGPT, ALP and kit from Erba (Transasia
Bio-Medicals Ltd, India) was used for glucose
estimation.

Plant material and Extraction:

The chicory leaves (cultivar is unknown)
procured from local market were used in the
present study. The proximate composition of the
leaves was estimated using the standard
Association of Official Analytical Chemists’
methods.' 1009 dried leaf powder was used
for the sequential extraction using different
solvent systems with the increasing polarity
namely hexane, chloroform, ethyl acetate,
acetone and methanol which were used (1:10
ratio) with the aid on an orbital shaker for 12
hours. Water extract was prepared by extraction
in boiling water forl5 minutes. Extracts were
filtered and then dried by flash evaporation/
Iyophilization as per the requirements. Finally,
the crude extracts were stored in a deepfreezer (-
20°C) until further use.

Antioxidant assays:

Total phenolic content of the extracts
were determined using Folin-Ciocalteu method
7] and the results were expressed in terms of
gallic acid equivalents (mg gallic acid/g extract).
Antioxidant activity of the extracts, based on the
DPPH radical scavenging activity, was
determined as described by Braca et al.,™®
Metal chelating activity by Dinis et al., ™ the
reducing power by Oyaizu, @ Hydroxyl radical
scavenging assay by Halliwell et al., *¥ and
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superoxide anion scavenging activity by Liu et
al., ?? were carried out in aqueous extract.

Determination of protein oxidation:

Protein oxidation was assayed as
described  previously 1 with  minor
modifications. Oxidation of BSA (5 pg) in
phosphate buffer was initiated by 20mM AAPH
and inhibited by various concentrations of
aqueous  extracts (50-250 pg/ml).  After
incubation for 2 hours at 37°C, 0.02% BHT was
added to prevent the formation of further peroxyl
radical. The samples were then analysed with
normal SDS-PAGE.

DNA damage protection assay:
a) Determination of oxidative DNA strand
breakage

Conversion of the supercoiled form of
plasmid DNA to open circular and further linear
form has been used as an index of DNA damage.
DNA strand breakage assay was performed using
pBR322 plasmid DNA as per the method
described by Lee et al. ®* A mixture of 10ul of
extract of different concentration (50-200ug/ml)
and plasmid DNA (0.5ug) was incubated at room
temperature followed by the addition of 10mM
AAPH. The final volume of the mixture was
made up to 20ul and incubated for 30 min at
37°C. The DNA samples was electrophoresed on
1% agarose gel and band intensities were
analyzed using Easy win 32 software from
Herolab (Germany).

b) Single cell Gel electrophoresis (SCGE)
assay

The standard alkaline SCGE, or Comet
assay was performed according to the method
developed by Sing et al. ! Lymphocyte cells,
resuspended at 1x10° cells/ml of phosphate
buffered saline, were treated with H,O, (20uM)
for 30 minutes at 37°C and used for SCGE assay.
After electrophoresis was completed, slides were
washed and stained with ethidium bromide
(20pg/ml). Comets were observed under image
analyzer microscope (Olympus BX51). DNA
damage was analyzed for 100 randomly selected
cells from each slide using Image-pro Plus
software. The degree of DNA damage was
expressed by tail moment value i.e. Tail Moment
= (Tail lengthxTail% DNA/100).
Analysis of agueous extract by HPLC:

For the analysis of phenolics, a ternary
solvent system with increasing hydrophobicity
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and changing pH was used. Separation was
carried out on a reverse phase Cig column
(150%4.5mm) and the compounds were
monitored with Diode array detector (JASCO
HPLC system).The solvents were 50mM
ammonium dihydrogen phosphate, pH 2.6
(Solvent A), 0.2 mM orthophosphoric acid, pH
1.5 ( Solvent B) and 20% of solvent A in 80%
acetonitrile (Solvent C). The solvent gradient
elution programme was used as [per the method
described by Hakkinen et al., %! with minor
modification. Retention times and UV-Vis
spectra of the peeks were compared with those of
the standards. 20ul of the sample and standards
were injected into the column and the
chlorogenic acid and caffeic acids were detected
at 280nm.

Toxicity studies on experimental animals:
a) Acute and sub chronic toxicity

The experimental mice/rats were housed
in controlled environment (temperature 25+2°C
and 12 hours dark/light cycles) and fed with
standard pellets diets. The study was conducted
after obtaining Institutional Animal Ethical
Committee approval. Acute toxicity was carried
out administering orally a single dose of aqueous
extract at 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0g/kg body
weight in six groups of mice (five males and
females per group). The general behavior of mice
was observed continuously for 1 hour after
administration of extract and then intermittently
for 4 hours, and thereafter over a period of 24
hours.?”) The mice were observed further for up
to 14 days following the treatment for any sign of
toxicity and mortality. Sub-chronic toxicity was
performed comprising four groups of six male
Wistar rats in each group (200g-250g). All the
animals had free access to water and food (ad-
libitum). Aqueous extract was dissolved in
distilled water and administered orally and daily
for 90 days to the groups II-1V at a dose of
100,300,500 mg/kg body weight respectively.
Group | (control) received only distilled water.
At the end of every 30 days, blood was collected
from the retro-orbital puncture for
haematological such as RBC, WBC, Platelets,
haemoglobin  and packed cell volume
(haematology analyzer, Sysmex Kx-21, JAPAN)
as well as biochemical parameters (SGPT,
SGOT, Creatinine, Urea, Glucose, Alkaline
phosphatase and Total cholesterol). The effect of
aqueous extract on the biochemical parameters of
serum was determined enzymatically using
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specific kits to asses the state of liver and kidney.
At the end of the study, the animals were
sacrificed by decapitation and a portion of liver
was fixed in 10% neutral buffer formalin for
histopathological examinations.

b) Cytotoxicity towards rat’s lymphocytes
Lymphocytes of rats were isolated from
fresh whole blood using HiSep™ LSM 1077
media. Cell number and viability were
determined by Trypan blue exclusion staining
using a Neubauer Improved Haemocytometer
before and after the treatment. Rat lymphocytes
were incubated at a density of 5x10°/ml. Cell
suspensions  were treated with different
concentrations of aqueous extract (0.1-1.0
mg/ml) and incubated for 30 min at 37°C. Cells
were then pelleted by centrifuging at 1200rpm
for 3 minutes and resuspended in RPMI 1640
medium. The viable and the dead cells were
scored using 0.4% trypan blue and viability %
was calculated using the formulae.
% Viability = [nonstained
(stained+nonstained cells)] x100.

cells/

Statistical analysis:

All the data were expressed as mean +
standard deviation. Statistical analysis was
performed using one way ANOVA followed by
Dunnett’s test. The p values less than 0.05 were
considered as significantly different.

RESULT AND DISCUSSION
Proximate composition:

The leaves were found to contain 91.95%
of moisture, 1.62 +£0.01% of crude protein, 0.28
+0.15%of total fat, 1.23 +0.02% of crude fiber,
1.55 +0.02% of ash and 3.37 +0.31% of
carbohydrates on fresh weight basis.

Antioxidant properties:

The vyield of extractable compounds
determined by sequential extraction and their
radical scavenging activity is presented in Table
1. The scavenging effect of different solvent
extracts on the DPPH radical decreased in the
order of water>methanol> acetone> chloroform>
ethylacetate > hexane. Among these extracts, the
aqueous extract showed maximum antioxidant
activity followed by methanolic extract. The
aqueous extract also had higher total
polyphenolic content than the methanolic extract
(51.69 and 39.34mg/g extract respectively,
(p<0.05) which may account for its enhanced
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antioxidant activity. Phenolic compounds have
been studied extensively as important
contributors to the antioxidant properties.”®! The
hydrogen donating ability of these compounds is
responsible for their effective antioxidant
property and used for protecting against cellular
oxidative damage.

Aqueous extract with high antioxidant activity
was further evaluated for its metal chelating
property, superoxide scavenging activity,
hydroxyl radical scavenging ability and reducing
power in in vitro systems and their corresponding
ICso values are presented in Fig 1. The I1Csp value
for DPPH radical scavenging activity was 118 +
1.26pg and compared with ascorbic acid (ICso,
7.43£0.23ug) and BHA (1Cso, 9.77 £ 0.44uQ)
standards. The observed antioxidant activity of
the extracts may be due to the neutralization of
DPPH free radical either by transfer of an
electron or hydrogen atom. **'  Metal chelating
activity of antioxidants plays a significant role in
reducing the concentration of transition metals
responsible  for  catalyzing  the lipid
peroxidation.®”  The chelating property of the
aqueous extract was analysed against Fe®'.
Ferrozine can quantitatively form complex with
Fe?". In the presence of other chelating agent the
complex formation is inhibited and the
absorbance of ferrozine- Fe?* complex decreased
linearly in the presence of extract in a dose
dependant manner with 1Csy value of 466+8.8g.
The results were compared with EDTA, a
standard metal chelator which showed 50%
inhibition of metal chelation at 10.57pg. The
chelating power of the extract may be attributed
to polyphenolic content which is in conformity
with the observation made in the literature.**32

1200
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Fig 1: Radical scavenging activities of aqueous extract of
chicory leaves (1-DPPH radical scavenging activity, 2-
metal chelation property, 3-hydroxyl radical scavenging
activity), 4-superoxide radical scavenging activity.
Results are expressed as means +* SD of triplicate
measurements.

1C 50 value(ug/ml
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Hydroxyl radical is the most reactive
radical known in chemistry. It can abstract
hydrogen atoms from biological molecules such
as thiols leading to the formation of sulfur
radicals, some of which can damage biological
molecules also.®®! These hydroxyl radicals are
produced by Fenton-type reaction in which metal
iron reduces the hydrogen peroxide and reducing
agent such as ascorbic acid, accelerate the
formation of OH radicals by reducing Fe** ions
to Fe**. B4 Inhibitory effect of extract on
deoxyribose degradation was examined and the
ICso value for hydroxyl radical was at
0.936+17.6mg. It is evident from the present
study that the aqueous extract acted as an
effective OH radical scavenger in competition
with 2-deoxy-D-rbose.The extract potentially
inhibited the metal ion dependant generation of
OH as well as capturing the released radicals.
The superoxide radical scavenging property of
the aqueous extract in PMS/NADH-NBT system
was determined. Superoxide ion generated from
dissolved oxygen by PMS/NADH coupling
reaction reduces the NBT. The decrease of
absorbance at 560 nm with antioxidants indicates
the consumption of superoxide anion in the
reaction mixture. The I1Cso value of aqueous
extract was 477+5.9ug/ml.

The reducing properties are generally
associated with the presence of reductones. They
exert antioxidant action breaking the free radical
chain by donating hydrogen atom.P
Reducing ability of the aqueous extract was
studied by Fe?*-Fe** transformation. The
reducing power of the aqueous extract was
increased with the increasing concentration from
0.1 to 0.8mg/ml in reaction mixture. Based on
this observation it may be said that aqueous
extract is capable of terminating free radical
initiated chain reaction by neutralizing free
radicals.

Inhibition of Protein oxidation:

Accumulation of macromolecular
oxidative damage including protein has been
reported as a fundamental cause in many
pathological conditions. AAPH is a water soluble
initiator, which decomposes at physiological
temperature producing alkyl peroxyl radicals
with oxygen to initiate the protein oxidation.k®
Fig. 2 shows that two hours after the incubation,
the BSA was completely degraded by 20 mM
AAPH in positive control as studied by SDS-
PAGE electrophoresis (lane 2). Pretreatment of
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BSA with aqueous extract (lane 3-7) showed
protective effect significantly by restoring the
band intensity to 31.5, 35.7, 47.8, 61.4 % of
negative control at the concentration of 50, 100,
150, 200, 250 pg/ml respectively in a dose
dependent manner. Quercetin, a standard
antioxidant, completely prevented the oxidative
degradation of BSA at 10ug/ml concentration.
The inhibitory effect of extracts might operate by
scavenging the peroxyl radical generated in the
reaction mixture

1 2 3 4 PR ¢ 7T 8

[ L

- e s g O

Fig 2. The inhibitory of agueous extract of Chicory on 20
mM AAPH induced BSA oxidative fragmentation. Lane
1, BSA; lane 2, BSA + AAPH; lane 3, BSA +
AAPH+50ug/ml extract; lane 4, BSA + AAPH+100ug/ml
extract; lane 5, BSA + AAPH+150ug/ml extract; lane 6,
BSA + AAPH+200pg/ml extract; lane 7, BSA +
AAPH+250ug/ml extract; lane 8, BSA + AAPH+10ug/ml
Quercetin.
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Fig 3: The inhibitory effect of aqueous extract on 10 mM
AAPH induced pBR322 plasmid DNA strand breakage.
Lane 1, DNA; lane 2, DNA + AAPH (positive control);
lane3, DNA + AAPH + 200 pg/ml of extract; lane 4, DNA
+ AAPH + 100 pg/ml of extract; lane 5, DNA + AAPH +
50 pg/ml of extract; lane 6, DNA + AAPH + 8ug/ml
Quercetin.

DNA damage protecting properties:

DNA protection properties of the plant
extracts is important since ROS mediated DNA
damage causes major problems such as aging,
cancer, degenerative disorders etc and dietary
antioxidants have been reported to exert a
protective effect against such diseases by
inhibiting DNA damage.®”? Therefore, DNA
damage protecting activity of aqueous extract
was evaluated using prokaryotic and eukaryotic
DNA in the present study.

a) Plasmid DNA nicking assay
Free radical
scavenging effect of aqueous extract on plasmid
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DNA (pBR322) damage protection was studied
along with quercetin as standard. Exposure of
plasmid DNA to AAPH caused introduction of
strand breakage which let to extensive
conversion of super coiled (Sc) form to open
circular form. Fig 3 clearly shows that in the
presence of aqueous extract (lane 3, 4 and 5)
there is a significant reduction in the formation of
nick in the plasmid DNA. The band intensity of
the Sc DNA was decreased by 62.85 % in
positive control (with AAPH) compared to
negative control (without AAPH). In the
presence of aqueous extract at 200, 100, 50pg/ml
concentration the band intensity of the Sc DNA
were comparable to that of negative control. The
extent of protection at 200,100 and 50ug/ml was
53.9, 46.3 and 45.1% respectively. Quercetin at
8ug/ml concentration offered 50.76 % protection
against nick formation. It is inferred from these
results that aqueous extract effectively protected
the peroxyl radical induced DNA strand breakage
significantly (p<0.05). The protection offered at
200ug/ml concentration was close to that of
8ug/ml standard quercetin.

b) Single cell Gel electrophoresis (SCGE)
assay

SCGE is one of the methods used in genetic
toxicology for detection and quantification of
DNA lesion at single cell level.®® This method
allows biomonitoring of human exposure to
variety of genotoxic agents. Polyphenols from
six Mediterranean plants extracts (Crepis
vesicaria L, Origanum heracleoticum, Scandix
australis L, Amaranthus sp, Scolymus hispanicus
L, Thymus piperella L) and other plant species
have been reported to be responsible for the
scavenging activity of ROS, inhibiting DNA
damage in lymphocytes and cell lines of Caco-2
cells by H,0,. B%* In the present study, 20um
of H,O, was used to produce extensive DNA
damage in lymphocyte cells. The % of tail
momentum for positive control (cells +20um
H,O,) and sample treated groups at the
concentration 0.5mg and 1.0mg/ml extract were
23.4+2.1, 17.4+1.3 and 12.93+1.4 respectively
(Fig.4). The inhibition of DNA damage was
concentration dependant and at 0.5mg and
Img/ml concentration it provided 25.64% and
44.74% DNA damage protection compared to the
control group (p<0.05). The hydrogen peroxide
scavenging property of the extract may be
contributing for the observed DNA protection
and could be due to polyphenol content.
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Fig 4: Effect of aqueous extract on H,O, induced DNA
damage in rat blood lymphocytes. Inhibition of DNA
damage is shown as percentage. Results are expressed as
means = SD of triplicate measurements. Extract
concentrations at 0.5 and 1mg/ml is significant at p<0.05
compared to without extract.

HPLC Analysis of aqueous extract:

Phenolic acids have been proved to have
antioxidant activity, attributed to scavenging
reactive  oxygen  species.[*! HPLC
chromatogram of major phenolic acid in the
extract is shown in Fig 5. Based on the retention
time chlorogenic acid and caffeic acid were
identified at 29.83 and 40.16 min respectively. In
the present study chlorogenic acid was detected

W,

as one of the major polyphenol in the extract and
this result is similar to that of the earlier report by
Kocsis et al. ™ These phenolics are well known
to have physiological properties such as
antioxidant; antibacterial effects etc. Chlorogenic
acid along with other polyphenols may be
primarily responsible for the observed in vitro

antioxidant activity of aqueous extract.

Fig 5: HPLC chromatogram of aqueous extract of
Chicory leaves; Retention time for chlorogenic acid -
29.83 min and caffeic acid - 40.16 min.

Toxicity studies:

In case of acute toxicity, no sign of toxicity
(hypoactivity, diarrhea, salivation, and anorexia)
or death was observed in mice up to the dose of 3
g/kg body weight. The sub-chronic toxicity study
in orally administered aqueous extract, at the
dose of 100,300 and 500 mg/kg body weight for
the period of 3 months showed that all the
haematological parameters, such as red blood
cell count, platelet count, white blood cell count,
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packed cell volume and percentage of
haemoglobin were within the limits throughout
the treatment period (data not shown). The
change in body weight has been used as an
indicator of adverse effect of plant extracts, drugs
and chemicals. ' No change in body weights
observed in the present study also indicate no
adverse effect of the extract. The serum
biochemical profile of the treated and control rats
are presented in table No.2. Administration of the
extract did not cause any significant changes in
serum biochemical parameters such as SGPT,
SGOT, creatinine, urea and alkaline phosphatase
in control and treated groups through out the
study period (30, 60, 90 days) suggesting
nontoxic effect of extract. However, blood
glucose level was significantly decreased
(p<0.05) after 30 days in groups 1V and 60 days
in group Il compared to control group I. The
hypoglycemic effect was attenuated at the end of
the treatment period (90 days). No significant
change in the levels of serum tranaminases
(SGPT and SGOT), urea and creatinine, which
are biomarkers for liver and kidney functions
confirms normal function of the organs. This was
further  confirmed by  histopathological
examination of liver tissues which also showed
normal architecture of liver in treated to that of
control group (Fig 6a-d). Hence it can be stated
from the study that c ic.

Rmngley PR < |
Fig 6: Representative Section of liver tissue shows well
maintained architecture with normal hepatocytes (HE
100X). a) Control rats, b) Rats treated with 100mg
aqueous extract/kg body weight, ¢) Rats treated with
300mg aqueous extract /kg body weight d) Rats treated
with 500 mg aqueous extract /kg body weight. No
obvious pathology noted.

Cytotoxicity:

In relation to cytotoxic study, the results clearly
showed that the aqueous extract did not cause
any toxicity (p<0.05) up to the concentration of
1.0 mg/ml in rat lymphocytes. The high % of
viability indicated high live cells and overall the
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viability was above 95% at all the concentrations

used (Table.3).

Table 3: Cytotoxicity study for agueous extract of

Chicory on rat lymphocytes. The values are mean + SD

(n=3).
Tablel: Antioxidant activity and total phenolic content Concentration (mg/ml) % of Cell viability
of sequential extract of C. intybus leaves. The 0 98.2+1.2
values are mean + SD (n=3) 0.1 98.80.5
Solvents | Extract | % of DPPH Total 0.2 98.1+1.4
yield radical phenolic 0.4 97.9+1.3
(%) scavenging | content (mg/g 0.8 98.4+0.7
activity extract ) 1.0 97.8£1.1
Hexane 3.20 1.66 £0.18 -
Chloroform | 3.35 | 4.73+0.21 - CONCLUSION
Ethyl 0.88 | 2.09+0.10 - The results obtained from the present study
f“f‘te 111-0144 ;-26%—“ %1318 10534 2 048 revealed that the aqueous extract of Chicory leaf
cetone . 76 +0. 34 +0. S . .
Methanol 1156 | 87.45 +1.10 5160 £.0.85 was effective in scavenging the free radicals
Water generated through various in vitro systems. It also

different vs control (P<0.05).

significantly

protected

the

biomolecules such as protein and DNA.
Table 2: Serum biochemical analysis of rats administered with aqueous extract of Chicory leaves.*significantly

oxidation

Biochemical parameters

Period of treatment (days)

0 days | 30 days | 60 days | 90 days
Group I(control)

SGPT (U/) 37.5+3.80 39.2+2.74 36.5+1.64 38.80+1.27
SGOT (U/l) 69.20+0.59 68.93 +2.24 71.52 +3.50 70.98+4.22
Creatinine (mg/dl) 0.53+0.06 0.52+0.02 0.54+0.05 0.51+0.02
Urea (mg/dl) 35.2+1.70 37.5+1.93 38.7+0.95 36.90+1.70
Glucose(mg/dl) 100.36 +3.88 102.60 +2.54 103.77 +4.25 99.67 +4.27
Alkaline phosphatase (U/L) 255.42 +3.59 260.42 +5.23 262.42 +3.25 266.42 +4.47
Total cholesterol (mg/dl) 63.81+1.66 64.81+2.01 68.81+3.55 65.81+4.63

Group 11(100mg/kg)
SGPT (U/) 41.70+6.18 40.9 +5.47 39.0 +£3.80 41.0 +£3.29
SGOT (U/l) 67.78 £2.17 70.13 +£3.07 68.80 + 2.55 71.23+3.40
Creatinine (mg/dl) 0.48+0.07 0.50+0.04 0.51+0.04 0.49+0.02
Urea (mg/dl) 37.6+1.18 39.4+1.85 36.6+1.56 38.7+1.08
Glucose(mg/dl) 98.43 +4.18 99.55 +4.32 97.65 +3.57 101.35 +4.46

Alkaline phosphatase (U/L) 261.02+2.17 258.02 + 4.66 259.02 + 3.74 263.02+3.71

Total cholesterol (mg/dl) 61.97+4.71 65.97+3.27 66.97+4.19 62.97+4.24

Groupll1(300mg/kg)
SGPT (U/) 40.3 +4.02 42.8 +3.21 40.1+2.53 39.1 +4.30
SGOT (U/l) 67.15 + 4.46 69.52 + 2.60 70.20 £2.94 69.85 + 2.40
Creatinine (mg/dl) 0.54+0.09 0.53+0.05 0.50+0.08 0.50+0.05
Urea (mg/dl) 40.2+0.94 36.3+1.07 40.8+1.72 41.5+0.94
Glucose(mg/dl) 101.85 +4.02 100.34 +3.20 89.17 £3.21" 101.22 +3.22
Alkaline phosphatase (U/L) 256.46 + 4.46 265.46 + 3.74 260.46 + 5.62 259.46 + 2.89
Total cholesterol (mg/dl) 63.5+£1.98 66.5+4.04 61.5+3.86 67.5+4.28

Group 1V(500mg/kg)
SGPT (U/) 39.0 +5.63 40.5 +5.11 41.9 +2.36 40.8 +2.23
SGOT (U/l) 68.32 + 4.45 67.23 £ 1.47 70.27 £ 1.48 72.23 £5.46
Creatinine (mg/dl) 0.50+0.07 0.56+0.03 0.52+0.09 0.55+0.07
Urea (mg/dl) 39.5+1.00 40.1+1.50 38.9+1.03 42.8+1.07
Glucose(mg/dl) 103.64 +2.63 87.11 ¥4.27" 95.92 +4.24 98.37 +4.28
Alkaline phosphatase (U/L) 257.94 + 4.45 259.94 +5.37 263.94 + 4,52 260.94 + 4.67
Total cholesterol (mg/dl) 62.72+4.57 61.72+3.24 63.72+3.83 62.72+4.82
The scavenging activity of the extract could be lymphocytes.  Therefore, the
attributed to the presence of phenolics Chicory leaves, as a dietary source

compounds. At the oral dose tested, aqueous
extract did not cause any toxicity in mice and rat

and also showed no cytotoxicity towards the rat’s

© 2010, 1JPBA. All Rights Reserved.

of

consumption

of

antioxidants could provide health benefits in
preventing cellular oxidative damages.

161



IJPBA, June - July, 2010, Vol. 1, Issue, 2

1.

o

o

~

©o

10.

11.

12.

13.

llaiyaraja N et al. / Evaluation of Antioxidant and Toxicological properties of Chicory leaves.

REFERENCES

Kellog EW, Fridovich I. Superoxide, hydrogen
peroxide and singleton oxygen in lipid
peroxidation by a xanthine oxidase system. J
Biol Chem 1975; 250: 8812-8817.

Lai CS, Piette LH. Hydroxyl radical production
involved in lipid peroxidation of rat liver
microsomes. Biochem Biophys Res Commun
1977; 78: 51-509.

Aruoma OIl. Nutrition and health aspects of
free radicals and antioxidants. Food Chem
Toxicol 1994; 32: 671-683.

Halliwell B. Free radicals, antioxidants and
human  disease:  Curiosity, cause, or
consequence? Lancet 1994, 344 721-724.
Diplock AT, Charleux JL, Crozier-willi G, Kok
FG, Rice-Evans C, Roberfroid M, Stahlw,
Vifia-Ribes. Functional food science and
defence against reactive oxidative species. Brit
J Nutr 1998; 80: S77-112.

Ranjithakumari BD, Velayutham P, Anitha S
A. Comparitive study on inulin and esculin
content of in vitro and in vivo plants of Chicory
(Cichorium intybus L. Cv. Lucknow Local).
Adv Biol Res 2007; 1 (1-2): 22-25.

Pushparaj PN, Low HK, Manikandan J, Tan
BKH, Tan CH. Anti-diabetic effects of
Cichorium intybus in streptozotocin-induced
diabetic rats. J Ethnopharmacol 2007; 111(2):
430-434.

Papetti A, Daglia M, Gazzani G. Anti- and
pro-oxidant activity of water soluble
compounds in Cichorium intybus var silvestre
(Treviso red chicory). J Pharm Biomed Anal
2002; 30: 939-945.

Gazzani G, Daglia M, Papetti A, Gregotti C. In
vitro and ex vivo anti- and prooxidant
components of Cichorium intybus. J Pharm
Biomed Anal 2000; 23: 127-133.

Petrovic J, Stanojkovic A, Comic L, Curcic S.
Antibacterial activity of Cichorium intybus.
Fitoterapia 2004; 75: 737-7309.

Kim J, Mun Y, Woo W, Jeon K, An N, Park J.
Effects of the ethanol extract of Cichorium
intybus on the immunotoxicity by ethanol in
mice. Int Immunopharmacol 2002; 2: 733-744.
Ahmed B, Tawfeq A, AL-Howiriny, Siddiqui,
AB.  Antihepatotoxic activity of seeds of
Cichorium intybus. J Ethnopharmacol 2003;
87(2-3): 237-240.

Zafar R, Ali SM. Anti-hepatotoxic effect of
root and root callus extracts of Cichorium
intybus L. J Ethnopharmacol 1998; 63: 227-
231.

© 2010, 1JPBA. All Rights Reserved.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Nayeemunnisa M, Kumuda R.
Cardioprotective effects of Cichorium intybus
in ageing myocardium of albino rats. Curr Sci
2003; 84: 941- 943.

Kocsis |, Hagymasi K, Kery A, Szoke E,
Blazovics A. Effect of Chicory on pancreas
status of rats in experimental dislipidemia. Acta
Biol Szegediensis 2003; 47: 143-146.

AOAC. Official methods of Analysis, 15th Ed.,
Association of official analytical chemists,
1990; Arlington, VA.

Slinkard J, Singleton VL. Total phenol
analysis: automation and comparison with
manual methods. Am J Enol Viticult 1977; 28:
49-55.

Braca A, Tommasi ND, Bari LD, Pizza C,
Politi M, Morelli I. Antioxidant principles from
Bauhinia tetrapotensis. J Nat Prod 2001; 64:
892-895.

Dinis TCP, Madeira VMC, Almeida LM.
Action of phenolic derivatives
(acetoaminophen, salycilate and 5-

aminosalycilate) as inhibitors of membrane
lipid peroxidation and as peroxylradical
scavengers. Arch Biochem Biophys 1994; 315:
161-169.

Oyaizu M. Studies on product of browning
reaction prepared from glucose amine.  JpnJ
Nutr 1986; 44: 307-315.

Halliwell B, Gutteridge JMC, Aruoma OI. The
deoxyribose method: a simple assay for
determination of rate constants for reactions of
hydroxyl radicals. Anal Biochem 1987; 165:
215-2109.

Liu F, Ooi VEC, Chan ST. Free radical
scavenging activity of mushroom
polysaccharide extracts. Life Sci 1997; 60:
763-771.

Kwon HY, Choi SY, Won MH, Kang TC, kang
JH. Oxidative modification and inactivation of
Cu,Zn-superoxide dismutase by 2,2’azobis(2-
amidinopropane) dihydrochloride. Biochem et
Biophys Acta 2000; 1543-69-76.

Lee JC, Kim HR, Kim T, Jang YS. Antioxidant
property of an ethanol extract of the stem of
Opuntia ficus-indica Var.Saboten. J Agric Food
Chem 2002; 50: 6490-6496.

Sing NP, Mccoy MT, Tice RR, Schneider EL.
Simple technique for quantitation of low level
of DNA damage in individual cells. Exp Cell
Res 1988; 175: 184-191.

Hakkinen S, Karenlampi S, Heinonen M,
Mykkanen H, Ruuskanen J, Torronen R.
HPLC method for Screening of selected

162



IJPBA, June - July, 2010, Vol. 1, Issue, 2

28. Rice-Evans CA, Miller

w
e

w
N

w
w

w
IS

w
(82}

llaiyaraja N et al. / Evaluation of Antioxidant and Toxicological properties of Chicory leaves.

flavonoids and phenolic acids in berries. J Sci
Food Agric 1998; 77:543-551.

27. Twaij HAA, Kerym A, Khazraji NK. Some

pharmacological, toxicological and
phytochemical investigations on Centaurea
phyllocephala. J Ethanopharmocol 1983; 9:
229-314.

NJ, Paganga G.
Antioxidant properties of phenolic compounds.
Trends Plant Sci 1997; 2(4):152-159.

29. Chen CW, Ho CT. Antioxidant activity of poly

phenols extracted from green tea and black tea.
J Food Lipids 1995; 2: 35-46.

30. Duh PD, Tu YY, Yen GC. Antioxidant activity

of water extract of harng Jyur (Chrysanthemum
morifolium Ramat). Lebensm Wiss Technol
1999; 32: 269-277.

. Andjelkovic M, Camp JV, Meulenaer BD,
Depaemelaere G, Socaciu C, Verloo M, Verhe
R. lron-chelation properties of phenolic acids
bearing catechol and galloyl groups. Food
Chem 2006; 98: 23-31.

. Kumaran A, Karunajaran R. Antioxidant and
free radical scavenging activity of an aqueous
extract of Coleus aromaticus. Food Chem
2006; 97: 109-114.

. Halliwell B. Reactive oxygen species in living
systems: Source, biochemistry and role in
human disease. Ann J Medicine 1991; 91: 14S-
22S.

. Puppo A. Effect of flavonoids on hydroxyl
radical formation by Fenton-type reactions:
Influence of the iron chelator. Phytochemistry
1992; 31: 85-88.

. Gordon MH. The mechanism of antioxidant
action in vitro. In: B.J.F.Hudson(Ed). Food
antioxidants. London: Elsevier  Applied
Science; 1990; p. 1-18.

© 2010, 1JPBA. All Rights Reserved.

36.

37.

38.

39.

40.

41.

42.

Cai YJ, Fang JG, Ma LP, Li VY, Liu ZL.
Inhibition of free radical induced peroxidation
of rat liver microsomes by resveratrol and its
analogues. Biochimica et Biophysica Acta,
2003; 1637:31-38.

Kumar K, Chattopadhyay S. DNA damage
protecting activity and antioxidant potential of
pudina extract. Food.Chem 2007; 100; 1377-
1384

Andreoli C, Leopardi P, Rossi S, Crebelli R.
Processing of DNA damage induced by
hydrogen peroxide and methylmethane
sulfonate in human lymphocytes: Analysis by
alkaline single cell gel electrophoresis and
cytogenetic methods. Mutagenesis 1999; 14(5):
497-503.

Kapiszewska M, Sottys E, Visioli F,
Cierniak A, Zajac G. The protective ability of
the Mediterranean plant extracts against the
oxidative DNA damage. The role of the radical
oxygen species and the polyphenol content. J
Physiol Pharmacol 2005; 56: 183-197.
Aherne SA, Kerry JP, O’Brien NM. Effects of
plant extracts on antioxidant status and
oxidant-induced stress in Caco-2 cells. Brit J
Nutr 2007; 97: 321-328.

Salah N, Miller NJ, Paganga G, Tijburg L,
Bolwell GO, Rice-Evans C. Polyphenolic
flavonols as scavengers of aqueous phase
radicals and as chain-braking antioxidants.
Arch Biochem Biophys 1995; 322:339-346.
Raza M, Al-Shabanah OA, El-Hadiyah TM,
Al-Majed AA. Effect of prolonged vigabatrin
treatment on hematological and biochemical
parameters in plasma, liver and kidney of swiss
albino mice. Scien Pharmaceutica 2002; 70:
135-145.

163



