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Abstract- Currently cancer is considered as one of the maitofs of mortality globally. Many chemicals
in our environment can cause genetic mutationsaaegotentially responsible for millions of cancelated
deaths. Nowadays the scientists are looking fod fmaterials which can potenthially prevent the earoc-
currence. The purpose of this research is to exaartimutagenicity and anticancer effectQifrus Medica
fruit juice.In present study human astrocytoma caee#ls were cultured in DMEM (Gibco),supplemented
with 10% fetal calf serum,peniciline-streptomycirglutamineand incubated at 37 °C for 2 days.In addition
cancer cell line were treated hglf-ripe and ripeCitrus Medica fruit juice and cellular vital capacity was de-
termined by MTT. TheCitrus Medica fruit juice was subsequenthy evaluated in termandimutagenicity
and anticancer properties by a standard reversatimutassay (Ames Test). This was performed wigh hi
tidine auxotroph strainf Salmonella typhimurium (TAL100) .Thus, it requires histidine from a foreigapply

to ensure its growth.The aforementioned straingiiee to reverted colonies when expose to careimagb-
stance (Sodium Azidepuring MTT, human astrocytoma cell line revealechave a meaningful cell death
when compared with control®€0.01) In Ames Testhe fruit juice prevented the reverted mutationd e
hindrance percent of half-rigéitrus Medica was 71.7% and ripeCitrus Medica was 34.4% in
antimutagenicity test and this value in anticarniest was 83.3% and 50% in half-ri@&rus Medica and ripe
Citrus Medica respectively.This is the first study that haveeaedantimutagenicity and anticancer effect of
Citrus Medica fruit juice and the effects were higher in hagieCitrus Medica in comparison to the riprned
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Introduction eases such as cancer, cardiocellular, nerves pnsble
and senescence. So daily consumption of antioxsdant
Nowadays cancer is one of the mortality factorghia enhances immunity of the body against free radicals

world which takes place in result of different cesis  production and serves as anticancer agent (4,6)eSd
such as mutagenesis and carcinogen chemicals in thehe fruits and vegetables are considered as the ami-
environment. Environmental agents which serve as mu cancer foods, because of their abundant antioxdant
tagens are cancer factors. According to the statist- such as phenols, vitamin C, vitamin E, beta-carotere
most more than 75% of cancers have an environmentallipotene (7).

origin (1,2). Genetic damages and changes in DNA se Citrus is the most interesting one among thesesfruit
guences and genes mutations and other changes in8,9). Ames test is one of the most current tesisgay
chromosomal structure play an important role incean  anticancer and antimutagenesis effects using bacter

3). with special mutants (10,11) and the material &dusn
Most of mutagenic and carcinogen agents displaif the cancerous cells in vitro. This research has beed to
destructive effects through free radicals includiegc- consider anticancer effects of half-ripe and rifiG'us

tive oxygen's species (ROS). So that antioxidanes ar medica fruit juice on cancerous cells and also through
able to reduce ROS. ROS have a role in etiology ®f di Ames test.
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Patients and M ethods hours incubation of cancerous cells with differean-
centrations of the fruit juice, the plates inculdada¢ 37C

In this research, the method of vital capacity (®ET) with 5% CQ then stained with MTTg/ml0.5 and

has been used in order to consider cytotoxicitgitfus after 3-5 hours incubation at & the supernatant liquid
medica fruit juice on cancerous cell lines (in vitro) and Was removed and replaced by 2@0 isopropanol
results have been calculated in terms of stimuiaitic (Merck, Germany) which was added to the relevant
dex and assessed by t-test. wells. The relevant plate was shaked for 10-15 amn
Ames test has been used as a current method to asShaker. Then after, the relevant plate was read by--
sess anticancer and antimutagenesis effect of jérigie cro titer plate reader (ELISA-reader, Organon-Tkani

on mutant bacteriggalmonella typhimurium, and results Netherland) on 570 nanometer. Toxicity level wak c

have been assessed bge way-ANOVA followed by ~ culated by the following formula:

the [?uncan post hoc. Feen the basis of bacterial colo- cytotoxicity% = - absorbance of _toxicantx100

nies in selected conditions. Mean absorbance of negative control
Culture of human astrocytoma cancer cell line (line Viability% = 100 - Cytotoxicity %

1321) To diminish test error level, MTT strain was added

Cells have been cultured in DMEM medium con- to some wells without cells and along with othellsye

tained 10-20% fetal calf serum (FBS) and in incubato absorbance level was read and ultimately subtracted
contained 5% Cg@at 37 °C. After growth and reproduc- from whole the absorbance.

tion of the cells, in order to take examinations aells
incubation with target materials, adherent celfssated Ames test

from flask bottom by trypsin 0.25% and after congti Salmonella typhimurium TA100 used forAmes test.
almost 5000 cells transferred to flasks. In anyesa8  The mutant strain ,in need of histidine, directigaipt
flasks have been considered for each test wittp8ats  from professor Ames. Fresh bacterial culture shded
for all tests. All examinations have been accorhglils  ysed for test and incubation time of bacterial ureltin
after 18 hours incubation in flasks of cell cultynlates nutrient broth should not be more than 16 hourrap

(full adherence of cells to plates), because sofitte®  priate bacterial concentration was considered162
above cells were adherent, and in order to evakhate cells/ ml.

should be at normal condition of growth. After consideration of cytotoxicity effect of fruit
juice on cancer cellgccording to Amedruit juice was
MTT staining added to test tube containing 0.5 rmof the overnight

In this technique, color effect of MTT on cells has fresh bacterial culture, 0.5r0f histidine and biotin so-
been used in which alive cells, contained purpjestals lution (0.5 mM histidin/0.5N biotin), 10 ml top agé0

as a result of color reduction by mitochondrial yi#io- gr/lit Agar + 50 gr/lit NaCl), sodium azide as a@ab-
genase of alive cells, would be countered and @iglis gene (1.5ugr/ml Sadium azide) and then content of this
percentage would be determined by the following for tube distributed on the surface of minimum medidm o
mula: glucose agar (%40 glucose), after 3 second shahking
Viability= (alive cells number/ whole cells cultufe cubation was performed at B7for 48 hours. Each
x100 treatment was repeated 3 times. In the test afteh 4
After 18 hours in order to full adherence of cets incubation at 3€, reversed colonies were counted in

the plate, different concentrations of the fruitgi( 0 as control and test plates and after angular conversio
control, 25,50,100,50Ql/ml) have been added to cells results were compared by analysis variance. Mos¢-ma
and plates were incubated for 48 hours att3and 5% rials in their original form are inactive in term$ car-

CO.. cinogenic effects and most materials to become lmmeta
MTT staining is on the basis of MTT (dimethylthia- olically are active to display mutagenesis propgsrtiSo
zol diphenyl tetrazolium bromide) reduction into ian it is necessary to add a microsomal sterile fuiitg to
soluble blue- purple product (Formazan) by mitochon mammalian tissue like rat. After 10 h starvatiaueis
drial reductase in alive cells. MTT solution cons&ab0 of 10 male rats were separated. Starvation stimsiland

mg MTT powder in 10 ml PBS (0.15 M) which has been enhances liver enzymes secretion. Livers homogeénize

diluted by 10 times with PBS to get 0.5 mg/ml| salnti in 0.15M potassium chlorideand centrifuged for libsn

of MTT, Then the solution was autoclaved. After 48 in 9000 rpm in at @. Supernatant (S9 mixture) was
removed and mixed with necessary cofactors inctudin
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moved and mixed with necessary cofactors including
NADP andG-6p(glucose 6 phosphate) and then 0.5ml of
the solution was added to Top agar in order to idens
anticancer effect.

Also after the counting colonies in anticancer-
antimutagenesis test, prevention percentage ooxanti
dant activity has been calculated as follows (12):

prevention percent = (1--)x100
T is reversed colonies in each Petri dish under car

cinogen and fruit juice and M is reversed colonies
petri dishes related to positive control (mutagen).

Results

Vital capacity test:

The results of MTT test on cancerous cells undepua
concentrations of fruit juice, has been shown gurfé 1,
the cancerous cells lost their vital capacity drate¢ was
a significant difference between half-ripe and rfpgt

juice effect on growth depression of cancerousscaild
preventive effect of half-ripe fruit juice was mattean
ripe fruit juice (P<0.01).

Results of anticancer and antimutagenesis effect of
thefruit juice

The results of colony counting in Ames test under 2
wl/ml of the fruit juice (with regard to the results of Vita
capacity test) showed that there was a signifid#fer-
ence between half-ripe and ripe fruit ju@imutagene-
sis effect on colony growth with controls (distdlevater
and sodium azide)P(< 0.01) .Also, there was a signifi-
cant difference between half-ripe and ripe fruiicgu
effect in which reversing effect of half-ripe fryitice
was more than ripe fruit juice. According to figuPe
half-ripe and ripe fruit juice have a strong antiagene-
sis effect.
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Figurel. Results of MTT test on cancerous cells under vari-
ous concentrations of fruit juice
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Figure 2. Results of colony counting in Ames test under 25
ul/ml of the fruit juice in mutagenesis test
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Figure 3. Results of colony counting in Ames test under 25
wl/ml of the fruit juice in carcinogenesis test

To consider anticancer effect, Ames test was re-
peated after adding S9 in order to metabolic atitima
of fruit juice.

Half-ripe and ripe fruit juice displayed a signditt
difference at anticancer effect on colonial grovather
than control (distilled water and sodium aside) {P
0.01) also, reversing effect of half-ripe fruit gei was
more than ripe fruit juice. According to figure Balf-
ripe and ripe fruit juice have a strong anticareféect.

Discussion

Since usual methods on cancer treatment (surgery,
chemical treatment, radiotherapy) have an effeatan

ural dividing cells, in addition to tumor cell, akdl or
arrest their cell division (13). In recent yeargridals
found widespread use in prevention and treatment of
cancer which in this procedure, tumor cells are-con
trolled while natural cells remain intact (14). Téfect

of diverse antioxidant foods on cancer and cardioua
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lar disease has been proved and it has been rdvbale
these materials cause to enhance long life by 6B (
During laboratory researches on poly metoxilated fl
vonoides including tungertin, it has been revedtext
these materials have antioxidant and anticancectsff
and preservative effect on neurons (16). NijveRfiOl)
showed limonins effects (flavonoids) on cell cycle
which caused to changes in cell division and/ot cel
death (apoptosis)(17). Li et al. (2005) has bearaked
that nobilin (flavonoid of citrus peels) has anticaer,
antivirus and antiinflammation activity (18). Sa,fan-
ticancer and antimutagenesis effect of half-ripd ape
fruit juice have not been reported, in the prestatly
vital capacity test and Ames test were used toidens
its anticancer effect with special emphasizes qiieg
tion of salmonella typhimurium to identify an-
timutagenesis and anticancer level of chemicalghim
researchhalf-ripe and ripe fruit juice displayed antican-
cer and antimutagenesis effect which half-ripetfiuice
was more effective than ripe fruit juice. Accorditogthe
Ames theory which presented in 1982, in case tme-nu
ber of colonies on positive control medium (conéain
carcinogen) is two times more than test samplestiie
stance will be considered as an antimutagenesisand
ticancer. According to the Ames theory, when preven
tion percent ranges between 25-40%, mutagenesist eff
in this test sample is assumed medium and whereprev
tion percent is more than 40, mutagenesis effe¢hef
test sample is strong and in case prevention peisen
less than 25, mutagenesis effect is negative withieh
case is true to consider anticancer effect by af&#f
for metabolic activation (11,10) This was foundtie
fruit juice. In vitro study on fruit juice effectnocancer-
ous cell culture revealed that the fruit juice selere-
pressed division of cancerous cells which in tlhiglg
the effect of half-ripeCitrus medica fruit juice was more
than ripe one.

This case is represented by considering prevention
antioxidant percent of fruit juice that all kind$ fouit
juice have preservative effects. As revealed by an-
timutagenesis tesCitrus medica fruit juice solely has
the ability to express antimutagenesis effect.his te-
search, we have examined this fruit juice withlnagr
extract (S9). Reason of adding S9 to the fruit juge
that some of anti cancer substances remain inaatide
can not attach to DNA till enter into an being wétec-
trophilic enzymes. Bacteria lack this system , serli
extract S9 is applied as active system of cytoclerém
450/P-448 for activation of the materials (19). Athe
result showes, fruit juice with rat liver extradgsplays
anticancer activity .
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