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Abstract- Diet can play a vital role in cancer prevention. Nowadays the scientists are looking for food 

materials which can potentially prevent the cancer occurrence. The purpose of this research is to examine 

anti-mutagenic and apoptotic effects of apigenin in human lymphoma cells. In present study human chronic 

lymphocytic leukemia (Eheb cell line) were cultured in RPMI 1640 (Sigma), supplemented with 10% fetal 

calf serum, penicillin-streptomycin, L-glutamine and incubated at 37 ºC for 2 days. In addition cancer cell 

line was treated by and apigenin and cellular vital capacity was determined by MTT assay. Then effect of 

apigenin in human lymphoma B cells was examined by flow cytometry techniques. The apigenin was 

subsequently evaluated in terms of anti-mutagenic 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 sodium azide as a carcinogen substance. During MTT assay, human chronic 

lymphocytic leukemia revealed to have a meaningful cell death when compared with controls (P<0.01) 

Apoptosis was induced suitably after 48 hours by flow cytometry assay. In Ames test apigenin prevented the 

reverted mutations and the hindrance percent of apigenin was 98.17%.These results have revealed apigenin 

induced apoptosis in human lymphoma B cells in vitro. 
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Introduction 
 
Annually, an estimated 10 million people worldwide are 
diagnosed with cancer and approximately 6.2 million die 
from the disease (1,2). Cancer is a heterogeneous 
disease characterized by the growth of a malignant cell 
population leading to impairment of normal 
physiological functions (3). Tumor cells often have 
multiple alterations in their apoptotic machinery and/or 
signaling pathways that lead to increased levels of 
growth and proliferation (3,4). Over riding these 
mutations stimulates the apoptotic signaling pathway, 
leading to tumor cell death, which is a significant area of 
focus in anticancer drug research (5-8).  
Apoptosis, or programmed cell death, is an important 
mechanism through which multi-cellular organisms 
eliminate redundant, damaged or infected cells. It is 
energy dependent and requires specialized machinery. In 

such machinery, the death of the cell is produced by 
enzymatic degradation of different protein constituents, 
as opposed to necrosis, the other type of cell death (9). 
The dynamic balance of the immune system requires the 
complex regulation of proliferation, maturation, 
activation as well as elimination of lymphoid cells. 
Apoptosis is essential for controlling cell mass for 
immune response by deleting autoreactive lymphocytes 
and maintaining peripheral tolerance (10).  

According to the statistics almost more than 75% of 
cancers have an environmental origin (11,12). Genetic 
damages and changes in DNA sequences and genes 
mutations and other changes in chromosomal structure 
play an important role in cancer (13). Most of mutagenic 
and carcinogen agents display their destructive effects 
through free radicals including reactive oxygen’s species 
(ROS). So that antioxidants are able to reduce ROS. 
ROS have a role in etiology of diseases such as cancer, 
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cardiovascular disease, nerves problems and senescence. 
So daily consumption of antioxidants enhances 
immunity of the body against free radicals production 
and serves as anticancer agent (14,15). Many studies 
report that a diet high in fruits and vegetables lowers the 
incidence of cancer (16–18). Flavonoids are a ubiquitous 
group of polyphenolic compounds found in fruit, 
vegetables, seeds, nuts, herbs, flowers, tea, and coffee. 
The biochemical activities of flavonoids depend on their 
chemical structure and the relative orientation of various 
moieties on the molecule (19-24). Over 5000 different 
flavonoids have been described to date, and they are 
classified into at least 10 chemical groups and are 
categorized as flavones, flavonols, flavonones, 
anthocyanins, and isoflavones commonly found in our 
diet. Flavonoids exhibit extensive bioactivities such as 
anti-inflammatory, cardiovascular, scavenging free 
radical, lowering blood pressure, antitumor, 
antispasmodic, antidiarrheal, and antiproliferative 
activities (25). Apigenin (40,5,7-trihydroxyflavone) is a 
cancer chemopreventive agent. It inhibits cell 
proliferation in cancer cell types and reduces the number 
and the size of skin tumors that develop in response to 
chemical carcinogen or UVB exposure via a mechanism 
involving inhibition of rnithine decarboxylase activity 
(26-27).  Ames test is one of the most current test to 
assay anti-mutagenic effects using bacteria with special 
mutants (28,29) and the material is used on cancerous 
cells in vitro. This research has been tried to consider 
anticancer effects of apigenin on cancerous cells and 
also through Ames test.  

 
Patients and Methods 
 
In this research, the method of vital capacity test (MTT) 
has been used in order to consider cytotoxicity of 
apigenin on cancerous cell lines (in vitro) and results 
have been calculated in terms of stimulation index and 
assessed by t-test. Ames test has been used as a current 
method to assess antimutagenesis effect of apigenin on 
mutant bacteria, Salmonella typhimurium, and results 
have been assessed by one way-ANOVA followed by 
the Duncan post hoc test on the basis of bacterial 
colonies in selected conditions.  

 
Cell culture of human lymphoma cells  

Human chronic lymphocytic leukemia (Eheb cell 
line) was cultured in RPMI 1640 medium supplemented 
with 10% FBS, 100 units/ml of penicillin, and 100 
mg/ml of streptomycin. The cell line was maintained at 
37 ºC in an incubator with an atmosphere of 5% CO2. 
After counting, almost 5000 cells transferred to flasks. 

In any cases, 3 flasks have been considered for each test 
with 3 repeats for all tests.  

 
MTT staining 

In this technique, color effect of MTT 
(dimethylthiazol diphenyl tetrazolium bromide) on cells 
has been used in which living cells, contained purple 
crystals as a result of color reduction by mitochondrial 
dehydrogenase of alive cells, would be countered and 
alive cells percentage would be determined by the 
following formula: 
Viability= (alive cells number/ whole cells cultured) 
×100  

After 18 hours in order to full adherence of cells to 
the plate, different concentrations of apigenin (0 as 
control, 5,10,15,20 μg/ml) have been added to cells and 
plates were incubated for 48 hours at 37 ̊C and ۵% CO2.  

MTT staining is on the basis of MTT reduction into 
an insoluble blue-purple product (Formazan) by 
mitochondrial reductase in living cells. MTT solution 
contains 50 mg MTT powder in 10 ml PBS (0.15 M) 
which has been diluted by 10 times with PBS to get 0.5 
mg/ml solution of MTT, and then the solution was 
autoclaved. After 48 hours incubation of cancerous cells 
with different concentrations of the apigenin, the plates 
incubated at 37° C with 5% CO2 then stained with MTT 
0.5 mg/ml and after 3-5 hours incubation at 37 ° C, the 
supernatant liquid was removed and replaced by 200 μl 
isopropanol (Merck, Germany) which was added to the 
relevant wells. The relevant plate was shaked for 10-15 
min on shaker. Then after, the relevant plate was read by 
a micro titer plate reader (ELISA-reader, Organon-
Teknika, Netherland) on 570 nanometer. Toxicity level 
was calculated by the following formula:  
Cytotoxicity% = 1- mean absorbance of toxicant   100 

                       Mean absorbance of negative control  
Viability% = 100 - Cytotoxicity %         
To diminish test error level, MTT strain was added 

to some wells without cells and along with other wells, 
absorbance level was read and ultimately subtracted 
from whole the absorbance.  

 
Flow cytometry 

Approximately 106 cells (as determined using a 
hemocytometer) were analyzed for annexin V binding 
using an Annexin-V-FLUOS Staining Kit (Roch), 
following the protocol provided by the manufacturer. 
Briefly, cells, after being washed once in phosphate-
buffered solution, were resuspended in Annexin-V-
FLUOS labeling solution. The cells were incubated at 
15-25°C for 10 -15min.The samples were measured 
under on a flow cytometer(Becton- Dickinson). 
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Ames test 
Salmonella typhimurium TA100 used for Ames test. 

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 1-2×109  cells / ml. After 
consideration of cytotoxicity effect of apigenin on 
cancer cells, according to Ames, 10 μg/ml Apigenin was 
added to test tube containing 0,5 ml of the overnight 
fresh bacterial culture, 0.5 ml of histidine and biotin 
solution (0.5mM histidin/0.5 mM Biotin), 10 ml top agar 
(50 g/lit Agar + 50 g/lit NaCl), sodium azide as a 
carcinogene (1.5 μg/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 .  

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

100)1(Pr 
M

T
percentevention   

T is reversed colonies in each Petri dish under 
carcinogen and apigenin and M is reversed colonies in 
petri dishes related to positive control ( mutagen).  

 
 
 

Results 
 

Vital capacity test 
The results of MTT test on cancerous cells under 

various concentrations of apigenin, has been shown in 
figure 1, the cancerous cells lost their vital capacity and 
there was a significant difference between and apigenin 
effect on growth depression of cancerous cells (P<0.01).  

 
Flow cytometry test 

Upon treatment with apigenin, Eheb cells developed 
many of the hallmark features of apoptosis, including 
phosphatidylserine exposure. Within 24 h of exposure to 
apigenin (10 μg/ml), Eheb cells exposed 
phosphatidylserine on their plasma membrane. This was 
determined by observing the level of annexin V binding 
to the phosphatidylserine molecules exposed on the cell 
surface (Figure 1). 
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Figure 1. Results of MTT test on cancerous cells under 

various concentrations of Apigenin 

 

 

 
Figure 2. Upregulation of cell surface expression of the phosphatidylserine molecules on human chronic Lymphocytic Leukemia cell 

line (Eheb)  
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When the proportion of annexin V bound cells was 
quantitated, approximately 19% of the cells were shown 
to expose phosphatidylserine after 24 h of apigenin 
treatment. The number of cells binding annexin V 
increased further to 63% after 48 h of apigenin 
treatment. Apoptosis was induced suitably after 48 hours 
by Flow cytometry assay (P<0.01). 
 
Anti-cancer and anti-mutagenic effects of the 
apigenin 

The results of colony counting in Ames test under 10 
μg/ml of the apigenin (with regard to the results of vital 
capacity test) showed that there was a significant 
difference between and apigenin anti-mutagenic effect 
on colony growth with controls (distilled water and 
sodium azide) (P < 0.01). 

In Ames test the apigenin prevented the reverted 
mutations and the hindrance percent of apigenin was 
98.17% in antimutagenicity test 
 
 
Discussion 
 
Cancer is a disease, where the treatment can be as 
debilitating as the disease. Therefore, prevention could 
be considered as important as treatment in cancer. Diet 
can play a vital role in cancer prevention. Studies have 
shown that a diet high in fruits and vegetables is 
associated with a reduced risk of cancer. Dietary 
flavonoids have been shown to be protective against 
various types of cancers (30-32). 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 (33). During 
laboratory researches on poly methoxilated flavonoides, 
it has been revealed that these materials have antioxidant 
and anticancer effects (34). 

Apigenin, a common dietary flavonoid, has been 
found to have anti-tumor properties and therefore poses 
special interest for the development of chemopreventive 
and/or chemotherapeutic agent for cancers. The in vivo 
experiments showed that apigenin inhibited spontaneous 
metastasis of A2780 cells implanted onto the ovary of 
nude mice. These results provide a new insight into the 
mechanisms that apigenin inhibits ovarian cancers and 
suggest that molecular targeting of FAK by apigenin 
might be a useful strategy for chemoprevention and/or 
chemotherapeutics of ovarian cancers (35). Apigenin is 
a low toxicity and non-mutagenic phytopolyphenol and 
protein kinase inhibitor. It exhibits anti-proliferating 
effects on human breast cancer cells (36). The anticancer 

action of apigenin is mediated, in part, by estrogen 
receptor beta (ERbeta). The differential use of ERalpha 
and ERbeta signaling for transaction between genistein 
and apigenin demonstrates the complexity of 
phytoestrogen action in the context of their anticancer 
properties (37). Deregulation of beta-catenin signaling is 
an important event in the genesis of several human 
malignancies including prostate cancer.  

The aim of this study is to examine anti-mutagenic 
and apoptosis effects of one of the most common 
flavonoids, apigenin, on human chronic Lymphocytic 
ljeukemia. Of particular interest in cancer prevention 
and treatment is the preferential induction of apoptosis 
in tumor cells rather than normal cells. When human 
chronic Lymphocytic Leukemia cells are treated with 10 
μg/ml apigenin, there is high induction of apoptosis, as 
compared to control. 

In the early stages of apoptosis, changes occur at the 
cell surface .One of these plasma membrane alterations 
is the translocation of phosphatidylserine (PS) from the 
inner part of the plasma membrane to the outer layer, by 
which PS becomes exposed at the external surface of the 
cell (38).  

The analysis of phosphatidylserine on the outer 
leaflet of apoptotic cell-membranes is performed by 
using Annexin-V-Fluorescein and proidium iodid (PI) 
for the differentiation from necrotic cells or labeling 
with a cell surface marker for cell characterization. 
Annexin V is a Ca2+ -dependent phospholipid-binding 
protein with high affinity for phosphatidylserine. This 
protein can hence be used as a sensitive probe for PS 
exposure upon the outer leaflet of the cell membrane and 
is therefore suited to detect apoptotic cells in cell 
populations but not on tissue sections. Since necrotic 
cells also expose PS according to the loss of membrane 
integrity, apoptotic cells have to be differentiated from 
these necrotic cells. (38). Annexin-V-Fluos binds in a 
Ca2+-dependent manner to negatively charged 
phospholipid surfaces and shows high specificity to 
phosphatidylserine. Therefore, it stains apoptotic as well 
as necrotic cells. Propidium iodide stains DNA of leaky 
necrotic cells only. 

High levels of bcl-2 protein expression have been 
described in B-lymphocytes in a high percentage of 
patients with CLL (39). Hypomethylation of the 
promoter of the bcl-2 gene is the mechanism that 
accounts for the high expression of the antiapoptotic 
protein in these patients, ultimately leading to the 
prevention of apoptosis in the neoplastic lymphocytes. 
The level of individual members of bcl-2 family proteins 
in CLL cells has been found to correlate with resistance 
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to chemotherapy in some studies (40–42) but not in 
others (43), possibly because of lack of correlation 
between in vitro experimental conditions and in vivo 
modifying factors or, more importantly, because, in 
vivo, it is the relationship between the multiple pro-
apoptotic and anti-apoptotic proteins that determines the 
ultimate outcome rather than any individual protein 
level.  

Another line of evidence pinpointing to the 
importance of apoptosis in the pathogenesis of CLL is 
the fact that glucocorticoids, an important part of the 
treatment of the disease, induce apoptosis in vitro (44). 

Recently, it was reported (45) that the BCR/ABL 
tyrosine kinase, the molecular fingerprint of chronic 
myelogenous leukemia (CML), also a low-grade 
malignancy in its chronic phase, transforms the myeloid 
cells by the akt/protein kinase B pathway inhibiting the 
caspase-induced apoptosis. This further argues for the 
important role of apoptosis inhibition over the cell-cycle 
activation in low-grade malignancies.  

As the survival of the cells that have the upregulated 
bcl-2 is prolonged, the probability of their acquiring 
additional mutations, for example mutations in the p53 
gene or deletions of the p16/INK4A gene, is increased, 
resulting in the relatively frequent transformation of 
low-grade lymphomas to more aggressive ones (46–49).  

In Ames test the apigenin prevented the reverted 
mutations and the hindrance percent of apigenin was 
98.17% in anti-mutagenicity test. According to the 
Ames theory which presented in 1982, n 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 anti-
mutagenic and anti-cancer. According to the aes 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 (28,29) .These study clearly 
demonstrates the antigenotoxic potential of apigenin 
both in the absence as well as presence of metabolic 
activation (S9 mix) systems.  
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