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    Abstract—Cancer is one of the main cause of mortality in the 

world which appears by the effect of enviromental physico-

chemical mutagen and carcinogen agents. Chemotherapy and 

radiotherapy improve remission of the disease but some 

probability relaps is observed between 20-30% patients. A number 

of natural antitumor drugs exert their therapeutic effect by 

inducing or promoting apoptosis. 

   In the last years, many studies have been performed on  the 

anticancer effects of flavonoids. In cancer therapies, natural 

compounds have been considered as effective inhibitor agents The 

purpose of this research is to examine antimutagenicity and 

anticancer effect of Naringin. The Naringin  was subsequenthy 

evaluated in terms of antimutagenicity properties by a standard 

reverse mutation assay (Ames Test). This was performed with 

histidine auxotroph strain of Salmonella typhimurium 

(TA100).Thus, it requires histidine from a foreign supply to ensure 

its growth. The aforementioned strain gives rise to reverted 

colonies when expose to carcinogen substance (Sodium Azide). In 

Ames Test the Naringin prevented the reverted mutations and the 

hindrance percent of Naringin was 91.4%. This is the first study 

that have revealed antimutagenicity effect of Naringin. 
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I. INTRODUCTION 

N recent years, The morbidity and mortality of cancer 

still reaches a high plateau and is a major public health 

problem world wide [1,2] Very recently, identifying 

active components from food, vegetabeles, fruits with 

apoptosis inducing activity against cancer cell lines  and has 

been emphasized that apoptosis is considered as a primary 

mechanism for chemoprevention of cancer. Thus, The 

studies devoting to assess that mechanisms of action of 

cancer cells appear to be remarkable importance. [3-6] 

Many studies report that a high diet in fruits and 

vegetables lowers the incidence of cancer [7-9] It has been 

reported that various fruit and vegetable extracts, 

particularly grape extract are capable of inhibiting the 

protoasome activity and this inhibition is associated with 

tumor cell apoptosis [10]. This research has been  tried to 

consider antimutagenesis effect of Naringin  throuingh 

Ames test. The Ames test uses mutant strains of Salmonella 

typhimurium that cannot grow in the absence of the amino 

acid histidine because a mutation has occurred in a gene that 

encodes one of the nine enzymes  

used in the pathway of histidine synthesis that prevents 

translation of a functional enzyme, and thus the conversion 

of  the     catabolic  intermediate  to  histidine 

 
Maliheh Entezari, Department of Biology, Islamic Azad University, 

Tehran Medical Branch, Tehran, Iran, Email: entezarimali@yahoo.com 

Fahimeh Ostadzadeh, Department of Biology, Islamic Azad University, 

Tehran Medical Branch, Tehran, Iran, Email: fahimeh84@yahoo.com 

 

cannot be completed. Therefore, the Ames mutants are 

auxotrophic and are called histidine-dependent or his- 

(pronounced hiss-minus) mutants because they can only 

grow if histidine is supplied in the growth medium.[11] 

II. MATERIAL AND METHODS 

     Ames test has been used as a current method to assess  

antimutagenesis effect of Citrus nobilis on mutant bacteria, 

Salmonella typhimurium. Salmonella typhimurium TA100 

used for Ames test. The mutant strain,in need of histidine, 

directly receipt from professor Ames. Fresh bacterial culture 

should be used for test and incubation time of bacterial 

culture in nutrient broth  should not  be more than 16 hours. 

Appropriate bacterial concentration was considered 
91 2 10   cells / ml.According to Ames, Citrus nobilis 

was added to test tube containing 0.5ml  of the overnight 

fresh bacterial culture, 0.5ml  of  histidine and biotin 

solution (0.5 / 0.5 )mMhistidin mMbiotin , 10 ml top agar(50 

gr/lit Agar + 50 gr/lit NaCl), sodium azide as a 

carcinogene(1.5 μgr/ml Sadium azide) and then content of 

this tube distributed on the surface of minimum medium of 

glucose agar (%40 glucose), after  3 second shaking 

incubation was performed at 37
◦
C for 48 hours. Each 

treatment was repeated 3 times. In the test after 48 h 

incubation at 37
◦
C, reversed colonies were counted in 

control and test plates and after angular conversion, results 

were compared by analysis variance. Most materials in their 

original form are inactive in terms of carcinogenic effects 

and most materials to become metabolically are active to 

display mutagenesis properties. So it is necessary to add a 

microsomal sterile fruit juice to mammalian tissue like rat. 

After 10 h starvation, livers of 10 male rats were separated.  

Starvation stimulates and enhances liver enzymes secretion. 

Livers homogenized in 0.15M  potassium chloride and 

centrifuged for 10 mins in 9000 rpm in at 4
◦
 C. Supernatant 

(S9 mixture) was removed and mixed with necessary 

cofactors including NADP و    G-6p (glucose 6 phosphate) 

and then 0.5ml of the solution was added to Top agar in 

order to consider anticancer effect.  

Also after the counting colonies in anticancer-

antimutagenesis test, prevention percentage or antioxidant 

activity has been calculated as follows(12):  

prevention  percent (1 ) 100
T

M
    

     T is reversed colonies in each Petri dish under 

carcinogen and Naringin and M shows  reversed colonies in 

petri dishes related to positive control( mutagen).    
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III. RESULTS 

    The results of colony counting in Ames test showed that 

there was a significant difference between Naringin 

antimutagenesis effect on colony growth with control 

(sodium azide) (P < 0.01). 

 

 
Fig. 1 Results of prevention percentage in Ames test of the 

Naringin in mutagenesis test 

 

IV. DISCUSSION 

     Phenolic compounds constitute one of the main classes 

of secondary metabolites. [12] They also contribute to the 

nutritional qualities of fruits and vegetables. Among These 

compounds, flavonoids constitute one of the most 

ubiquitous groups of plant phenolics. [13] Flavonoids occur 

as aglycones, glycosides and methylated dervitives. [14] 

Flavonoids belong to a chemically heterogenous group of 

small molecules with chemoprevenitive activity. [15] They 

exert specific cytotoxic activity towards cancer cells which 

has generated large interest in developing flavonoid based 

cytostatics for anti-cancer therapy. [16] Previous studies 

have demonstrated a significant anti-cancer activity in some 

natural flavonoids such as apigenin [17], genistein [18] 

quercetin [19] and luteolin[20]. In other studies, flavone, 

[21] luteolin, [22] genistein, [23] quercetin, [24] and fisetin 

[25] induced signigicant apoptosis in Bv-173 cells, while 

genistin and rutin did not. Obviously, it is important to have 

a rapid and inexpensive assay for testing chemicals we 

suspect are carcinogenic. In recent years, herbals found 

widespread use in prevention and treatment of cancer  

which in this procedure, tumor cells are controlled while 

natural cells remain intact. The effect of diverse antioxidant 

foods on cancer and cardiovascular disease has been proved 

and it has been revealed that these materials cause to 

enhance long life by 60% [26]. To determine the number of 

revertants following exposure to a mutagen, and 

differentiate between the mutant strain (his- auxotrophs) 

and the new mutants we may generate (his+ revertants), the 

Ames test uses a chemically defined medium, in which the 

amounts of every ingredient are known. If a his- culture 

were placed on a chemically defined minimal agar lacking 

histidine, only those cells that have mutated to his+ 

(revertants) would grow and form colonies. In theory, the 

number of colonies that revert and grow is proportional to 

the mutagenicity of the test chemical. [27] 

    The chemically defined medium used for the Ames test 

actually has a trace (growth limiting) amount of histidine. 

Trace amounts of histidine in the medium are necessary 

because some mutagenic agents react preferentially with 

actively replicating DNA. When his- strains are plated on 

this medium, they grow until they run out of histidine (only 

2-3 cell divisions lasting about one hour), and the result is a 

faint, nearly invisible lawn of growth within the overlay. 

Conversely, revertant bacteria should form large colonies 

because their growth is not limited because they can 

produce their own histidine. Each large colony represents 

one revertant bacterium and its offspring. By definition in 

the Ames test, a mutagen is any chemical agent that results 

in more than twice the number of mutants as occur 

spontaneously, and thus is potentially carcinogenic for 

humans.  

    Because the assay does not use a live animal model, it is 

inexpensive, easy, and fast.  According to the Ames theory 

which presented in 1982 in case the number of colonies on 

positive control medium (contained carcinogen) is two 

times more than test sample, the substance will be 

considered as an antimutagenesis and anticancer. According 

to the Ames theory, when prevention percent ranges 

between 25-40 %, mutagenesis effect in this test sample is 

assumed medium and when prevention percent is more than 

40, mutagenesis effect of the test sample is strong and in 

case prevention percent is less than 25, mutagenesis effect is 

negative which the case is true to consider anticancer effect 

by adding S9 for metabolic activation[11] This was found in 

the Naringin. The reverted mutations and the hindrance 

percent of Naringin was 91.4%. This is the first study that 

have revealed antimutagenicity effect of Naringin. 
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