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Introduction

Caused by several mutagenic and carcinogenic 
chemical compounds, cancer is one of the main causes 
of mortality in the world. According to the estimates, 
more than 75% of cancer cases are due to environmental 
agents [1-2]. Damages and genetic mutation in DNA 
sequence and mutation of genes and other changes in 
chromosomic structure are the main carcinogens [3]. 
Many mutagenic and carcinogenic elements induce 
their destructive effects by free radicals (e.g. reactive 
oxygen species (ROS)). Antioxidants can attenuate 
the destructive effects of ROS, which is known as the 
pathogen of cancer, cardiovascular disease, neurological 
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problems, and aging. Daily intake of antioxidants, as 
anti-carcinogen, improves immunity against free radicals 
[4-6]. Some vegetables and fruits are rich in antioxidants 
such as polyphenols, vitamin C & E, beta-carotene, and 
lipoten, which are the main anti-carcinogenic edible 
compounds [7]. Citrus fruits are rich in antioxidants [8-9]. 
Ames test is one of the most common tests to measure 
anti-carcinogen and anti-mutagen effects. The test relies 
on using bacteria with specific mutation [10, 11] and the 
effects of different elements on cancerous cells cultured 
in vitro. For the first time, the present study attempts to 
examine the anti-carcinogen effect of half-ripen and ripen 
citrus lemon juice based on its effect on cancerous cells 
and Amex test.
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Materials and Methods

Cytotoxicity effect of citrus lemon juice on 
the cancerous cell line (in vitro) was examined through 
an experimental study and MTT assay. The results were 
computed based on stimulation index and analyzed though 
t-test. 

Ames standard test was used to examine anti-carcinogen 
and anti-mutagen effects of the juice samples on 
salmonella Typhimurium mutated bacteria and the results 
were analyzed based on the colonial growth of the bacteria 
in an arbitrary condition using ANOVA. 

Human astrocytoma cancerous cells (line 1321) were 
used. The cells were cultured in DMEN with 10-20% 
FBS in an incubator (37ºC and 5% CO2). To carry out 
cell tests and incubation, after culturing adequate cells, 
the adhesive cells were extracted from flux foam by trypsin 
(0.25%). Each experiment was replicated three times. 
Given that some of the cells were adhesive and needed to 
be in normal growth condition, all the experiments were 
done after 18hrs of incubation in cell culture plate wells 
(cells complete adhesion to plate). 

The rate of living cells in cells suspension was obtained 
through the viability test. This technique enables us to 
control and adjust cells count and density in the culture; so 
that MTT mark on the cells distinguishes the living cells 
by purple crystals that are formed through oxidation of the 
dye by mitochondria dehydrogenation. The cell count is 
obtained based on the living cells percentage as follows: 

Viability (biotic potential) = (number of living cells/
total number of culture cells) * 100

It took 18hrs for all cells to be completely attached to 
the plate and then different concentrations of juice (25µl/ml, 
50 µl/ml, 100 µl/ml, 500 µl/ml and 0 as the control group) 
were added to the plates. Afterward, the plates were placed 
in an incubator (37ºC and 5% CO2). 

Marking was done using the MTT method. The method 
is based on oxidation of dimethylthiazol diphenyl 
tetrazolium bromide so that purple unsolved formazan is 
formed by dehydrogenation of mitochondria enzyme on 
the living cells. MTT solution (50 m/l) was obtained by 
solving 50mg MTT powder in 10ml of PBS (0.15 molar) 
and diluted before marking for ten times by PBS so 
that 0.5mg/ml of MTT was obtained. It is notable that 
after preparation, the PBS solution was placed in the 
autoclave. Following incubation of cancerous cells 
with different concentration of the fruit juice for 48hrs 
(37ºC and CO25%), the plate was marked by MTT 
(0.5mg/ml). Afterward, the samples were kept in the 
incubator (37ºC) for 3-5hrs and then the overhead 
liquid was replaced by 200µl isopropanol solution 
(Germany, Merck) before placing the plate on the shaker 
for 10-15min. Then the samples were examined by 
microtiter plate reader (Elisa-reader, Organon-Teknika, 
Netherland) at 570nm. Induced toxicity was computed 
as follows: 

%Cytotoxicity = (1-mean absorbance of toxicant) * 
100/mean absorbance of negative control

% Viability = 100-%Cytotoxicity 
To have lower test error, MTT dye was added to a few 

empty wells cell and then the wells were washed and 
adsorption score of the empty wells was deducted from 
the total adsorption score. 

Salmonella typhimurium (TA100) was used for 
Ames test. The histidine-dependent strain was supplied 
directly by Professor Ames. The experiments needed 
a fresh culture of bacteria and incubation time in the fresh 
overnight culture of the bacteria in nutrient broth must not 
exceed 16hrs. The optimum concentration of the bacterial 
was 1-2 * 109 cell/ml. After examining cytotoxicity 
effect of fruit juice on cancerous cells, Ames test 
was carried out by adding the juice to 0.5ml of fresh 
overnight culture of TA100 and 0.5mmol histidine 
and biotin  each to a tube containing 10ml top agar 
(50 gr/lit agar + 50 gr/lit NaCl) and carcinogenic agent 
sodium azide (1.5 µgr/ml). The content of the pipe was 
expanded on the surface of glucose agar (40% glucose at 
least) and placed in the incubator of 48hrs at 37ºC. Three 
replicates of each treatment were prepared and incubation, 
back colonies in the experiment, and control plates were 
counted. The results were compared after angular transfer 
using variance analysis. 

There are several compounds that are inactive, in 
their stable form, in terms of mutagenic and carcinogenic 
effects; to have such effects, they need to be activated. 
That is, it is necessary to add sterile fruit juice to the micro 
chromosomic extract of mammals’ liver cells (e.g. mouse). 
Therefore, hepatectomy was performed on 10 male mice 
after 24hrs fasting. Having no food stimulates and increases 
liver enzyme secretion. The livers were homogenized in 
potassium chloride (0.15 mol) and centrifuged for 10min 
(9000rpm, 4ºC). The overhead liquid (S9 mixture) was 
removed and mixed by the required cofactors (NADP 
and phosphate glucose 6); 0.5ml was added to Top agar 
mixture to examine anti-cancer effects.

After counting the colonies in anti-carcinogenic and 
anti-mutagenic tests, inhibition or antioxidant effect was 
obtained as follows [12].

Inhibition rate = (1-T/M) * 100

Where, T represents back colonies adjacent to the 
mutagenic element and the fruit juice in each petri dish and 
M represents back colonies in the Petri dishes of positive 
control (mutagenic agent). 

Findings 
Comparison of the results obtained from the MTT test 

on cancerous cells adjacent to different concentrations of 
fruit juice revealed loss of biotic potential of cancerous 
cells. There was a significant difference between the half-
ripen and ripen fruit juices in inhibiting the growth of 
cancerous cells (p<0.05); so that the former had the more 
inhibiting effect (Diagram 1).

Count of colonies adjacent to 25µl of the fruit juice 
(given the results of biotic potential test results) indicated 
that half-ripen and ripen fruit juices had significantly 
different effects in terms of anti-mutagenic effects on 
colony growth comparing with control samples (sodium 
azide and distilled water) (p<0.05). Ripen and half-ripen 
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DNA damage that lead to augmentation of P53 protein 
and facilitates DNA repair by the said protein, and cellular 
membrane damage path that activates sphingomyelinase 
enzyme and generates ceramide factor out of lipid 
compounds of cell membrane. 

Taking into account the sensitivity of neuroblastoma 
cancerous cells, growth inhibition effect of citrus lemon 
on human astrocytoma cancerous cells through the MTT 
method was supported. Anti-carcinogenetic effect of 
citrus fruit was introduced in 2002 by analyzing the 
chemical compounds of the fruits including vitamin C, 
beta-carotene, flavonoid, limonoid, and acid folic [25]. 
Given the absence of any report about anti-mutagenic 
and anti-carcinogenic effects of half-ripen and ripen 
citrus lemon juice, anti-cancer effect of the fruit was 
examined using biotic potential and Ames tests and 
salmonella Typhimurium bacterium to determine 
anti-mutagenic and anti-carcinogenic effects. Half-ripen 
and ripen citrus lemon showed anti-mutagenic and 
anti-carcinogenic effects. According to Ames theory 
(1982), the agent is anti-carcinogenic and anti-mutagenic 
when the number of colonies on the positive control culture 
(with the mutagenic agent) is two times of the experiment 
sample. When the inhibition rate varies between 25 and 
40%, the anti-mutagenic effect is moderate, it is strong 
when the rate is more than 40%, and it is negative when 
the rate is less than 25%. This is also true in examining 
the anti-carcinogenic effect by adding S9 for metabolic 
activation [10, 11]. These features were observed in citrus 
lemon juice samples. In vitro examinations on the effects 
of citrus lemon juice on cancerous cells culture showed 
that the juice repressed cancerous cells; moreover, the 
half-ripen citrus lemon was more effective than ripening 
citrus lemon. 

Inhibition or antioxidant effects of the juices showed 
anti-carcinogenic and anti-mutagenic effects, while 
half-ripen citrus lemon was more effective than ripen 
ones. In 2000, [26] reported inducing of apoptosis in 
HL-60 cells by flavonoids of lemon. In 2007, [27] argued 
that the variation of pH in cancerous cells had anti-cancer 
effects. The higher effectiveness of half-ripen fruits might 
be due to the difference in flavonoids content or pH of 
the juice. As shown by anti-mutagenic test, citrus lemon 
juice induced anti-mutagenic effects. This paper used 
the fruit juice along with mouse liver extract (S9). Many 
anti-cancer agents are in inactive phase and cannot attach 
to DNA, while there is no electrophilic enzyme activity. 
Since the bacterium does not have this system, liver 
extract (S9) and cytochrome active system P-450/P-448 
was used for activation [28]. As illustrated, the fruit juice 
along with S9 liver extract had anti-carcinogenic effects 
and half-ripen citrus lemon was more effective that 
ripen citrus lemon. This difference probably shows that 
a chemical compound in the juice needs P-4540/P-448 
enzyme system for activation. 

fruit juices had moderate (34.36%) and strong (71.71%) 
anti-mutagenic effects respectively. For instance, by adding 
S9 for metabolic activation of the juice, Ames test was 
replicated to examine the anti-cancer effect and, compared 
with the control (sodium azide and distilled water) the 
half-ripe fruit juice had higher anti-carcinogenic effects 
on colony growth (p<0.05).

Additionally, there was a significant difference 
between the effect of half-ripen and ripen fruit juices 
(p<0.05). Although, both were strong anti-cancer 
agents so that carcinogenic inhibition rate of the ripen 
and half-ripen fruit juices reached 50% and 83.33% 
respectively. 

Discussion 

Given that standard cancer treatment methods 
(surgery, chemotherapy, and radiotherapy) affect both 
the cancerous and healthy cells [13], many authors have 
tried to find better anti-cancer drugs in herbal medicines. 
These medicines only affect the cancerous cells and leave 
the normal cells intact [14]. The effects of different edible 
antioxidants on cancer and cardiovascular diseases have 
been proven so that they increase longevity up to 60% 
[15]. Laboratory surveys of poly-metoxilate flavonoids 
including tangertine showed that this compounds have 
antioxidant and anti-cancerous effects and protect neurons 
[16]. The effect of limonins (flavonoids) on cellular 
cycle was examined in 2001 and the results confirmed 
these compounds cause changes in cellular division or 
apoptosis so that cellular division happens at the G1 stage 
[17]. Another set of experiments in 2005 on nobiletin 
(a flavonoids found on citrus peels) supported anti-cancer, 
anti-virus, and anti-inflammation effects [18]. A study 
in 2006, based on MTT method, reported anti-cancer 
effects of citrus limonoids to extract on neuroblastoma 
cancerous cells (SH-SY5Y) and adenocarcinoma 
(Caco-2); the results showed the higher sensitivity of 
neuroblastoma [19]. Authors in [20] showed that inducing 
apoptosis is done by caspase. In [21-24] the four main 
systems that initiate apoptosis were listed including 
signal paths that induce cascade activation of caspase 
enzymes, cellular damages that increase penetrability of 
mitochondria membrane and activate caspases enzymes, 

Diagram 1. Biotic Potential of Cancerous Cells after 
Treatment by the Ripen and Half-Ripen Fruit Juices
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