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INTRODUCTION

C    ancer remains one of the world’s most devastating diseases, with more 
than 10 million new cases every year (1). There are many reports that 

hazardous chemicals can cause genotoxic and carcinogenic effects on the 
breast. The main mechanism is the production of free radicals that cause 
damage to macromolecules such as DNA vital to promote chronic diseases 
such as cancer (2). Conventional treatments for cancer have many types, 
which are intended to kill tumor cells or prevent their proliferation. Current 
cancer treatments include surgical intervention, radiation and chemotherapy 
drugs, which often also kill healthy cells and cause toxicity to the patient (3). 
Methotrexate (MTX) is an anti-folic acid agent due to its antagonistic effect 
on folic acid metabolism (4). MTX is also a mitotic inhibitor that arrests the 
cell cycle in interphase and leads to prolongation of meta-phase (5). The 
genotoxic effects of MTX have already been reported in the somatic cells 
employing chromosome aberration and micronucleus test as the end points 
of evaluation (6-8). The genotoxic potential of MTX disposed the induction 
of MN in the oral mucosa sweeps of rheumatoid arthritis (RA) patients as 
well as the sister chromatic exchanges (SCEs) in oncology nurses (9,10). Also, 
cisplatin is a commonly used anti-neoplastic agent with acceptable efficacy 
against a variety of human malignancies (11). Interaction of cisplatin with 
DNA is the most important cytotoxic effect (12). Since it is important for 
World Health Organization (WHO) to take advantage from traditional 
medicine, the approach based largely on the use of medicinal herbs. Recently, 
there is a lot of interest in finding plant-derived compounds that can reduce 
toxic effects of chemotherapy on normal cells without damaging their anti- 
neoplastic activity (13). Consumption of vegetables and fruits has been an 

effective strategy in reducing the genotoxic and carcinogenic effects induced 
by hazardous chemicals (14,15). The preventive effects of natural products 
are caused by their antioxidant and free radical scavenging activities, which 
can affect cellular signaling pathways (16,17). Many natural compounds in 
plants have anti-mutagenic or anti-carcinogenic effects (2). On the other 
hand, the use of cell cultures in the field of toxicology has proven significant 
in assessing cytotoxicity of chemicals, pharmaceuticals, pesticides, and in vitro 
examination of all natural and synthetic compounds (18).

Stevia rebaudiana (Bert.), Bertoni is an herbaceous perennial plant of the 
Asteraceae family (19). It is native to Paraguay. The leaf extract of S. rebaudiana 
used traditionally in treatment of diabetes. The main sweet component in the 
leaves of S. rebaudiana is stevioside (20). This plant used from 16th century 
and nowadays can be replaced by synthetic sweetening agents (21). The 
Stevia genus comprises at least 110 species that S. rebaudiana Bertoni is being 
the sweetest of all (22). Stevia sweetener extractives exert beneficial effects 
on human health, including anti- hypertensive (23-25), anti-hyperglycemic 
non-cariogenic, anti-human Rota virus (26) and antimicrobial activities (27-
29). Aqueous extract of S. rebaudiana dried leaves induce systemic and renal 
vasodilation, causing hypotension and diuresis in rats (30). Also, physiological 
and pharmacological researches reveal its anti-tumor effect (31,32). Thus, we 
decided to study the IC 50 and cytotoxic effects of hydro-alcoholic extract 
of Stevia rebaudiana on human fetal lung fibroblasts (MRC-5) and human 
breast cancer cell lines (MCF7) and compare the parameters with the results 
concluded from cisplatin cytotoxic effect of on theses cell lines. In spite of 
the fact that some researches declare Genotoxic risk of Stevia rebaudiana to 
human cells should be discussed (33), this study was undertaken to assess 
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INTRODUCTION: Breast cancer is the most commonly diagnosed 
cancer in women and is the second leading cause of cancer death among 
them. Chemotherapy is one of the commonly used strategies in treatment. 
This therapy is usually associated with adverse side effects. Isolating and 
identifying potent anti- Tumor Compounds from Medicinal Plants motivated 
researchers to find plant species for anti- Tumor Effects. Therefore, finding 
natural compounds from plants may provide an alternative cancer treatment. 
Stevia rebaudiana is an important medicinal plant in the world. Stevia with 
the scientific name stevia rebaudiana Bert belongs to the Asteraceae family. 
This study aimed to evaluate the cytotoxic and genotoxic effect of Stevia 
rebaudiana hydro-alcoholic extract on breast cancer cell line (MCF7) and 
human fetal lung fibroblasts (MRC-5) and compare its effect with 2 other 
anti-tumor drugs.

METHODS: Hydro-alcoholic extract of Stevia rebaudiana prepared by 

maceration method. Then, different concentrations of stevia, at least 
4 concentrations (0, 50, 100 and 200 μg/ml) are prepared, which is zero 
concentration as control. The MCF7 and MRC-5 cells cultivated and further 
incubated with different concentrations of the extract. After 72 hours, cell 
growth inhibition was examined using MTT assay. Genotoxic effect of the 
extract evaluated by micro-nucleus assay by evaluating produced micro-nuclei 
due to cytogenetic damage in bi-nucleated lymphocytes.

RESULTS: The findings revealed that the inhibitory concentration 50 
(IC50) of the Stevia rebaudiana extract on breast cancer cell line (MCF-7) was 
98.82 μg/ml and on human fetal lung fibroblasts (MRC-5) was 68.88 μg/
ml. Also dose of 50 μg/ml is appropriate for neutralizing the genetic damage 
caused by methotrexate.

CONCLUSION: The results clearly indicated that hydroalcoholic extract 
Stevia rebaudiana, has a considerable cytotoxic and genotoxicity effect. 
Accordingly, further investigations needed on other cancer cell lines. 
Moreover, due to the fact that the extract was total, future studies should aim 
at identifying its active substance.
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genotoxicity of hydro-alcoholic extract of Stevia rebaudiana determining the 
micro-nuclei (MN) frequencies in peripheral blood erythrocytes and compare 
the parameters with the result concluded from methotrexate using the micro-
nucleus test. However, further studies are required to determine their exact 
mechanism of action.

MATERIALS AND METHODS

Cytotoxicity assay chemicals and reagents

26 to 31 cell passages in dulbecco’s modified eagle medium DMEM 
medium with 10% fetal bovine serum (FBS), 100 mg sodium pyruvate, 
1.5 g/l sodium bicarbonate and 1% penicillin- streptomycin antibiotic in 
BINDER incubator, USA) at 37°C and sufficient humidity and 5% carbon 
dioxide were used. MTX (CAS 59-05 2) was obtained as gift sample from 
GlaxoSmithKline Pharmaceuticals Limited, Mumbai, India.

Cell culture

In this study, human breast cancer cell lines (MCF7) and human fetal lung 
fibroblasts (MRC-5) were used. Cell lines were purchased from the Tehran 
Pasteur Institute according to the ATCC number and cultured in the cell 
culture laboratory of Sari Pharmacy Faculty. For different tests, cells with at 
least 70% of growth were isolated by trypsin-ethylene diamine tetra acetic 
acid (EDTA) from the flask and centrifuged at 1500 rpm for 5 minutes. 
Cellular sedimentation was prepared as a suspension in 1 cc of DMEM 
and the percentage of cell survival in the cell suspension was determined by 
mixing the equal ratio of trypan blue with a hemocytometric Lumina and by 
optical microscopy. After ensuring non-contamination of the cells, cells with 
a viability greater than 90% were used for testing (34-36).

Cytotoxicity assay

In order to investigate the effect of methanol-aqueous extract of Stevia 
rebaudiana on growth and proliferation of cancer cells, the colorimetric 
method (3-(4,5-dimethylthiazol-2-yl) -2,5- diphenyltetrazolium bromide) MTT 
was used (32). This method is a competitive metabolic test and is based on 
the breakdown of tetrazolium salt by mitochondrial succinate dehydrogenase 
enzyme. 

MTT assay

In MTT assay, 20 μl of DMEM/F12 including 1×105 cells were added to 
3 wells for each concentration of the extract and Cisplatin. Then, they 
incubated for 72 hours until the cells reach their logarithmic growth 
stage. During incubation, the cells are examined every two days to ensure 
the growth and non-contamination of the cells. After incubation sample 
solutions were added at concentrations ranging from 5 to 1000 μg/ml to 
each well and incubated for 72 h; So that the cells are adequately exposed 
to the extracts and Cisplatin drug. DMSO (0.5%) treated cells served as the 
solvent control, and then washed using sterile normal saline 0.09%. After 
this period, the contents of wells were excluded; The cells were dyed by 30 
μg of MTT (Methyl thiotetrazolium) and incubated for 4 hours. Then, MTT 
solution was excluded from wells, to each house, a plate of 20 μl of dilute 
DMSO was added to dissolve purple crystalline of formazan and the 96 well/
plates were shaken for 15 minutes (37,38). At the end, the absorbance of 
colored colonies, Healthy cells that are in contact with the compounds have 
not been degraded by membranes and the color has penetrated into them, 
was determined by ELISA reader (λ max=490 and 630 nm). 

Genotoxicity assay micronucleus assay

Blood samples were collected from 5 healthy, no smoking, no alcoholic, 
no antibiotic treatment in a month, male donors aged between 25-35 years 
volunteers. To prevent blood coagulation, the syringe is shaken slowly to allow 
heparin to be uniformly mixed with blood. 0.5 mL of whole blood was added 
to 4.5mL of Roswell Park Memorial Institute (RPMI) culture medium 1640 
supplemented with fetal bovine serum containing L-glutamine, antibiotics 
and phytohemagglutinin (PHA), and different doses of Stevia rebaudiana 
(50, 100, and 200 μg/mL) were added. Cytochalasin B (Cyt-B) (Sigma, MO, 
USA) at the final concentration of 6 μg/mL was added at 44-hour post PHA 
stimulation. Cyt B prevents complete cytokinesis in mitosis, thus causing an 
appearance of multi-nuclear cells (39). The binucleated lymphocytes were 
harvested 28 hours after adding Cyt-B, they were treated by 6 ml of the 
hypotonic potassium chloride solution and then centrifuged at about 1000 
rpm for 5 minutes. The sample is now found in red due to red blood cell 
lysis.1 ml of fixative solution (methanol: acetic acid= 6:1), which hemolyses 
the remaining red blood cells and hemoglobin converts it to hematine was 
added. For better fixation, samples are stored in the refrigerator for 24 hours. 

For slide preparation Clean and put it in the freezer until completely cooled, 
then 2-3 drops of cell suspension were thrown on a clean slide, slowly slide 
it and dry them in room temperature. The slides were stained with Giemsa 
solution (4%) for 7-10 mins, washed with distilled water and dried. They 
were observed at 40× and 100× magnifications using a light microscope to 
estimate micronuclei frequency (the number of micronuclei in at least 1000 
binucleated cells) (40,41). binucleated cells are lymphocytes that were once 
divided by mitosis (42). The experiment was performed twice.

Statistical analysis

The IC50 (inhibition concentration, which produces 50% inhibition) was 
calculated for each extract using the cytotoxicity of the concentrations used 
in the extract. The IC50 values were compared using the student’s T-test 
measuring the effectiveness of a substance to cause cell death or inhibit 
cell growth. So the lower amount of IC50 represents a higher toxicity of 
a compound, which leads to death or inhibition of cell growth (38). Prism 
ver.3 Software was used to perform statistical tests using nonlinear regression. 
Standard deviations represent average results of double experiments. Analysis 
of variance (one-way ANOVA) followed by Tukey test was used to determine 
the differences among the groups (p<0.05).

RESULTS

The results showed that IC50 of cisplatin was significantly less than IC50 of 
Stevia rebaudiana extract on human cancer cell line (MCF7) and human fetal 
lung fibroblasts (MRC-5) (p<0.01) (Figure 1 and Table 1).

 Control Stevia 50 Stevia 100 Stevia 200 MTX
Mean 1.333 6.333 9.667 15.33 21

Std. Deviation 0.5744 3.055 3.055 2.517 4.583

TABLE 1
Inhibition concentration (IC50) of Stevia rebaudiana extract and 
Cisplatin on MCF7 and MRC-5 cells in 72 h incubation

Figure 1) Inhibition concentration (IC50) of Stevia rebaudiana extract and 
Cisplatin on MCF7 and MRC-5 cells in 72 h incubation (Results are as mean 
± SD); **Has a significant difference compared to the control group 
(P<0.01); ***Has a significant difference compared to the control group 
(P<0.001)

Using the adsorption in the MCF7 and MRC-5 cell lines and the completion 
of MTT test, the percentage of cell survival (viability %) after exposure to 
methanolic-aqueous extract of Stevia rebaudiana was determined. It is obvious 
that the dose of 10 μg/ml doesn’t have toxic effect in both cell lines. (The 
absence of a significant difference with the DMSO control group).

However, at higher doses there was a significant difference between the group 
affected by Stevia extract and the control group (P< 0.01) (Figures 2 and 3 & 
Tables 2 and 3).

Figure 2) Effect of Stevia rebaudiana hydroalcoholic extract on MCF7 cell 
Viability cells in 72 hours incubation
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HIV infection was significantly associated with carriage of HBsAg (p=0.01); 
(Table 1). None of the usual risk factors for HBV transmission were 
significantly associated with the carriage of HBsAg in our study (Table 3).

DISCUSSION

The global cancer report shows a high sudden increase in the rate of cancer. 
Cancer is the second largest disease which has a sizable contribution in the 
total number of deaths (43). Cancer rates can rise to 50% of new cases by 
2020 (44). Nowadays, compounds with natural origin due to the frequency, 
less side effects and drug interactions get the most attention for synthesis 
of new drugs (45,46). The effects of various compounds such as cisplatin, 
methotrexate and methanol- aqueous extract of Stevia rebaudiana (which were 
investigated in this study) on cell lines in a controlled environment make 

Figure 3) Effect of Stevia rebaudiana hydroalcoholic extract on MRC-5 cell 
viability cells in 72 hours incubation

Figure 4) Dose-Response curve for human breast cancer cells (MCF7)

Figure 5) Dose-Response curve for human fetal lung fibroblasts (MRC-5)

Figure 6) Micronuclei frequency in different doses of Stevia rebaudiana extract, 
normal control and methotrexate treated cultures

 HBsAg 0R CI 95% p-value
Variables Positive Negative

 Previous hepatic 
pathology n (%) 08 (61.5)

Present 05 (38.5) 134 (88.2) 4,6 [1.37-15.77] 0.01
Absent 18 (11.8) 1

Vaccination against  HBV n (%)
Vaccinated 01 (33.3)        02 (66.7)        1 0.32

Unvacinated 22 (13.5) 141 (86.5) 3.2 [0.27-36.58]
Anterior serology of HBV n (%)

Positive 09 (81.8) 02 (18.2) 0.01
Negative 01 (02.9) 34 (97.1)
Unknown 13 (10.8) 107 (89.2)

HIV n (%)
Positive 08 (28.6) 20 (71.4) 0.2 [0.07-0.65] 0.01
Negative 09 (08.6) 96 (91.4) 1
Unknown 06 (18.2) 27 (81.8) 0.5 [0.15-1.77]

TABLE 2
Medical history and carriage of HBsAg

Variables 
HBs Ag

OR CI 95% p-value
Positive Negative

Multiple sex 
partners n (%)

Present 03 (11.6) 23 (88.4) 0.8 [0.22-2.98] 0.76
Absent 20 (14.3) 120 (85.7) 1

Hepatitis B in the 
entourage n (%)

   Positive 02 (09.6) 19 (90.4) 0.8 [0.06-10] 0.85
   Negative 01 (12.5) 07 (87.5) 1
Unknown 20 (14.6) 117 (85.4) 1.2 [0.13-10.25]

Manicure by 
common material

n(%)

Present 11 (14.1) 67 (85.9) 1.1 [0.43-2.55] 0.90
Absent 12 (13.6) 76 (86.4) 1
Tattoo n (%)
Tattoed 07 (29.2) 17 (70.8) 1,6 [0.59-4.14] 0.36

   No tattoed 31 (21.9) 111 (78.1) 1
Scarifications n (%)

   Scarified 17 (14.7) 99 (85.3) 1.3 [0.46-3.44] 0.63
   Not scarified 06 (12) 44 (88) 1

Surgery n (%)
   Operated 00 (00) 03 (100) 0.56

   Not operated 23 (14.1) 140 (85.9)
Piercings n (%)

    Yes 04 (21.1) 15 (78.9) 2 [0.26-5.04] 0.28
      No 19 (12.9) 128 (87.1) 1

Blood transfusion n (%)
 Transfused 00 (00) 11 (100) 0.34

  Not transfused 02 (01.3) 153 (98.7)
Drug IV n (%)
 Present 02 (20) 08 (80) 1.8 [0.35-9.44] 0.46
 Absent 21 (13.5) 135 (86.5) 1

TABLE 3
Risk Factors and Portage of Hbs Ag 

The MTT test with increasing doses of extract showed a decrease in viability in 
both normal and cancer cells, MCF7 and MRC- 5, respectively (Figures 4-6).

IC50 for the methanolic-aqueous extract of Stevia rebaudiana for human 
breast cancer cells (MCF7), 98.82 ± 2.52 μg/ml for human fetal lung 
fibroblasts (MRC- 5), 68.88± 0.30 and for cisplatin is 15.96 ± 0.26 μg/ml.
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it possible to identify mechanism and their biological effects on different 
intracellular factors. Toxic compounds, that are currently measurable by cell-
based toxicology methods using toxicity testing methods are one of the best 
candidates for the synthesis of anticancer drugs in chemotherapy of cancers 
(45). All of these can lead to improved therapeutic ways (46). Cisplatin is an 
alkylating agent that acts on S phase of the cell cycle.

Therefore, it is a cytotoxic drug that causes cell death (47). Also, methotrexate 
is a structural analogue of folic acid and hence interferes with the synthesis 
of nucleic acid (4). Figures 1, 2 and 3 in the findings shows that although 
there is a significant difference between the amount of IC50 of the extract 
of the Stevia rebaudiana plant compared to the cisplatin anticancer drug, 
it can be argued that the extract of this plant has an significant inhibitory 
effect on the growth of human breast cancer cell line (MCF7) and human 
fetal lung fibroblasts (MRC-5). It is intelligible that sensitivity of cancer 
cells to Stevia extract was significantly higher than that of human fetal lung 
fibroblasts according to the MTT test results. This difference can be due to 
dysfunction of cellular organisms that cause cancer with higher proliferation 
and increased cellular intake (48).

The reason for significant difference between IC50 and Cisplatin with Stevia 
rebaudiana extract on cell cells is that cisplatin is a pure chemical compound, 
but the Stevia extract is a mixture of many compounds, including a variety 
of glycosides, namely dulcoside A, rebaudiosides A_E, steviolbioside, 
and stevioside (22) with stevioside being the major constituent (3_8% by 
weight of the dried leaves) (49). The main constituents were glycosides 
such as stevioside, steviol and rebaudioside A and B. Stevioside is a natural 
sweetener extracted from leave of Stevia (50). In addition, S. rebaudiana 
Bertoni contains stigmasterol, b-sitosterol, and campesterol (51). It also 
contains steviol, a product formed by enzymatic hydroxylation within the 
plant (52). Steviol can exhibit some toxic and mutagenic activity effect in 
some tests (33,53). Labdane sclareol, compound present in leaf extract of 
Stevia has anti-tumorous and cytotoxic properties (54).

Stevioside, the Stevia leaf aglycones, steviol, isosteviol, and their metabolites 
have been reported to inhibit tumor promotion by blocking Epstein-Barr 
virus early antigen (EBV-EA) induction (55) as well as by reducing tumor 
formation in the two-stage mouse skin carcinogenesis model following 
sequential exposure to 7,12-dimethylbenz [a]anthracene (DMBA) and 12-
O- tetradecanoylphorbol-13-acetate (TPA) (56-58). The hydrolysis product of 
stevioside, isosteviol, potently inhibits DNA replication and human cancer 
cell growth in vitro (with LD50 values of 84 to 167 μMol) (59). Effect of 
stevioside against tumor was examined and stevioside slowed the tumor 
promoting agent (TPA) induced tumor promotion in a skin carcinogenesis 
in mice (60).

The study of toxic and carcinogenic effects of stevioside showed that this 
substance had no effect on progression of pre-neoplastic or neoplastic lesions 
in the urinary bladder (60). The toxicological effects of low concentrations 
of stevioside on apoptosis induced by serum deprivation using the PC12 
cell system was examined by using DNA electrophoresis and TUNEL 
signal assays and on the basis of data it was found that stevioside increased 
apoptosis caused by serum deprivation and this enhancement was enhanced 
by increased expression of Bax and of cytochrome c released into the cytosol 
which make a sign that stevioside affects regulation of the normal apoptotic 
condition (60,61). Ascorbic acid, b-carotene, chromium, cobalt, magnesium, 
iron, potassium, phosphorous, riboflavin, thiamin, tin and zinc are other 
constituents exist in Stevia (62). Since differential cytotoxicity is also a useful 
feature for potential antitumor agents, the cytotoxicity activity of the Stevia 
rebaudiana leaf extract was evaluated in both cancer and normal cell lines by 
the MTT assay. In previous studies the sensitivity of lymphocytes isolated 
from peripheral blood has been reported into chemicals more than the 
lymphocytes of the blood as whole blood. This is due to presence of some 
protective factors in the blood and also other targets rather than lymphocytes 
are known for the chemical. Since all of these targets and protective factors 
are in the human body’s peripheral blood, it was decided in this study to 
use whole blood cultures for further similarity of test conditions with the 
human body (61).

CONCLUSION

The use of cell culture methods provides a valuable insight of the effects 
of various drugs on normal and cancerous cells. Gene toxicity is a very 
important factor in the safety of a substance because tumors can be caused 
by mutagenic substances (60). Despite the Stevia extract’s IC50 in cancer cell 
line was higher than the cisplatin’s IC50, its value is considerably low because 
the lower IC50 the more power of sample in killing cell or inhibiting their 
growth (48). Accordingly, we can suggest that the hydro-alcoholic extract of 
Stevia rebaudiana can be used as a complementary therapy in cancer.
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