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Abstract-The present investigation was an attempt to evaluate the antioxidant and anticancer property of
Anisaldehyde in vitro. Anisaldehyde is an organic compound that consists of a benzene ring substituted
with an aldehyde and a methyl group. It is very effective as a carminative (to relieve gas pains). In this
study, free radical scavenging activity was evaluated using DPPH (α,α-diphenyl-β-crylhydrazyl), Iron
chelating, Reducing power assay and the cytotoxicity was assessed by MTT method using human cancer
cell lines. The lowest DPPH free radical scavenging activity of Anisaldehyde obtained was 20% at 400
µg/ml and the highest DPPH free radical scavenging activity obtained was 21% at 800µg/ml
concentrations.Maximum chelation of metal ions obtained was 27% at 1000 μg/ml and the reductive
capability was high in 23% at 1000 µg/ml. The Anti-cytotoxic activity was evaluated against various
cancer cell lines such as human breast adrenocarcinoma cell line (MCF 7), liver adrenocarcinoma
(HepG2) and epidermoid carcinoma (ME 180). The IC50 values of 400,600 and 800µg/ml at MCF 7,
HepG2 and ME 180 cell lines respectively. In this result the Anisaldehyde showed a superior effect on
MCF 7 compared to other cell lines. Therefore, the Anisaldehyde proved to be a potent antioxidant and
anticancer property against human cancer cell lines.
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I. INTRODUCTION
All living organisms contain complex system of antioxidant enzymes. Antioxidants in biological system have
multiple functions, including defending against oxidative damage and participating in the major signaling
pathways of cells. One major action of antioxidants in cells is to prevent damage caused by the reactive oxygen
species, which includes hydrogen peroxide (H2O2), the superoxide anion (O-2), and free radicals such as
hydroxyl radical (-OH). These molecules are unstable and highly reactive, can damage cells by chain reaction
and by lipid peroxidation or formation of DNA adducts that could cause cancer-promoting mutations or cell
death. Free radical mediated modification of DNA, proteins, lipids and small cellular molecules are associated
with a number of pathological processes, together with atherosclerosis, arthritis, diabetes, catarctogenesis,
cancer, muscular dystrophy, pulmonary dysfunction, inflammatory disorders, ischemia reperfusion tissue
damage, and neurological disorders, such as Alzheimer’s disease [1].
The consumption of fruits and vegetables containing antioxidants has been found to offer protection against
these diseases. Dietary antioxidants can augment cellular defenses and help to prevent oxidative damage to
cellular components [2] besides antioxidant playing an important role in physiological system. Antioxidants have
been used in the food industry to prolong the shelf life of foods, especially those rich in polyunsaturated fats.
These components in food are readily oxidized by molecular oxygen and are major causes of quality
deterioration, nutritional losses, off-flavor development and discoloration. Moreover, the addition of several
synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and tertbutylhydroquinone (TBHQ) are commercially available and currently used. However, these antioxidants have
been restricted for use in foods as they are suspected to be carcinogenic. Some toxicological studies have also
implicated the use of these synthetic antioxidants in promoting the development of cancerous cells in rats. These
findings, together with consumer’s interests in natural food additives, have reinforced the efforts for the
development of alternative antioxidants of natural origin [3]. In particular, interest has intensified in the class of
organic compounds present in normal diet and in many folk medicines still in use. Organic compound derived
from natural products have been implicated as beneficial agent in a multitude diseases states, most commonly
cancer [4].
Anisaldehyde or anisic aldehyde is an organic compound that consists of a benzene ring substituted with an
aldehyde and a methyl group. It is a clear colorless liquid with a strong aroma in nature, Star anise was
considered as antibacterial, antifungal and expectorant which has been used to relieve bronchitis and has even
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been induced in cough mixtures to relieve dry cough as well as a flavoring. It is believed to be a particular
effective stomachic that strengthens stomach function and help to relieve colic flatulence, nausea and vomiting.
Star anise is regarded as an antispasmodic for the gastrointestinal tract and helps to relieve abdominal pain and
general gastrointestinal distress. Anise also contains compounds that are estrogenic (anethol, similar to estrogen
female hormone) and promotes menstruation, facilitating childhood, increasing libido in women and oddly
enough people have reported androgenic (male hormone) effect as well. Star anise oil is used in perfumery and
soaps, improves memory, gets rid of oily skin, calm cough, increases milk production for nursing mothers and
serve as a natural antacid. Commercially, it is very popular as a fragrance and a flavoring. It is very effective as
a carminative (to relieve gas pains). Therefore, we focused on Anisaldehyde compound, which had been
reported to contain various biological activities. Hence, the present study was carried out to evaluate the
antioxidant capacities of Anisaldehyde and also its impact of cytotoxicity against human cancer cell lines.
II. MATERIALS AND METHODS
A.
Chemicals
Anisaldehyde compound (4-Methoxybenzaldehyde) was purchased from sigma chemical company, st. Louis,
Mo, USA., 2, 2-diphenyl-1- picrylhydrazyl (DPPH), Dulbecco’s Modified Eagle Medium (DMEM), TrypsinEDTA, Fetal Bovine Serum (FBS), 3-(4, 5- dimethylthiazol-2yl-2, 5-diphenyltertrazolium bromide (MTT) and
antibiotic solution were purchased from Hi Media Laboratories, Mumbai, India.
B.Free radical scavenging assay
a. DPPH radical Scavenging Assay
DPPH assay was performed according to the method of [6] with a slight modification in the concentration and
volume. Briefly, reaction mixture contain 200 µl of different concentration (200, 400, 600, 800 & 1000 µg/ml
corresponding to 1.5, 3, 4.5, 6 & 7.5 mM/ml) of Anisaldehyde. Finally 2 ml of DPPH (0.1 mM) in methanolic
solution was added to each tube and incubated in dark for 30 min at 37ºC. The absorbance was measured at 517
nm against a blank and positive control of Gallic acid. The radical scavenging activity was expressed as an
inhibition percentage as follows;
Percentage (%) of radical scavenging activity = [AContorl- ASample / AControl] × 100
b. Ion- chelating assay
The chelating activity of ferrous ions by anisaldehyde and standard was evaluated following the method of [7],
with slight modification. Briefly, 600 µl of anisaldehyde was taken in different concentration and mixed with
3.5 ml of methanol and then the mixture was reacted against ferrous chloride (2 mM, 0.1 ml) and ferrozine (1
mM, 0.2 ml) for 10 min at room temperature. The absorbance was measured at 562 nm. The % of inhibition of
ferrozine-Fe2+complex formation was determined using following formula,
Percentage (%) of Inhibition= [1- AS/AC] × 100
c. Reducing power assay
Reductive power of anisaldehyde was determined by the method of [8].Briefly, the Different concentrations (2, 4,
6, 8 and 10 µl) of anisaldehyde were mixed with 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1 %
potassium ferric cyanide. The mixture was incubated at 50ºC for 20 min. A volume of 2.5 ml 10 %
trichloroacidic acid was added to the mixture and centrifuged at 3000 rpm for 10 min. Aliquot of supernatant (1
ml) was mixed with 2.5 ml of distilled water and 0.5 ml FeCl3 (0.1 %), the absorbance was recorded at 700 nm.
Increase in absorbance indicated increased reducing activity. BHA was used as the standard.
B. Effects on different cancer cell lines
a.

Cell lines
Cancer cell lines MCF 7, Hep G2 and ME 180 were obtained from National Centre for Cell Science
(NCCS), Pune, India. Cells were maintained as a monolayer in cell culture flask at 37°C under 5% CO2 in
Dulbecco’s Modified Eagle Medium (DMEM) and supplemented with 10% Fetal Bovine Serum (FBS), 100
µg/ml penicillin and streptomycin.
b.

Cytotoxicity assay

The cytotoxic effects of different cancer cell lines were evaluated by MTT (3- (4, 5-dimethylthiazol-2yl)-2, 5diphenyltetrazolium bromide) method as described by [9].In order to detect cytotoxicity, the cancer cells were
plated in 96 well plates and incubated for 24 h, then replaced with fresh medium. The control well received
serum free medium and treated wells received 2–10 μl/ml of anisaldehyde compound containing medium
(corresponding concentration is 200-1000 µg/ml). The cultures were again incubated as above. After 48 h 100 μl
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of 0.5 mg/ml MTT solution was added to each well and the cultures were further incubated for 4 h. Then 100 μl
of 20% SDS in 50% dimethylformamide (DMF) was added and the formed crystals were dissolved gently by
pipetting 2 to 3 times. A micro plate reader was employed in measuring the absorbance at 570 nm. Growth
inhibition rate was calculated as percentage.
c. Morphological Studies
General morphological structure of the cells was examined to determine the effect of anisaldehyde on MCF-7
cell line, for which the cells were cultured in 100 mm dishes. After the treatment with Anisaldehyde (48 h
incubation), the cells were photographed under inverted light microscope (Nikon, Sclipse TS100) at 40X.
d. DNA Fragmentation assay
DNA Fragmentation was performed by the method of [10] Cancer cells (3× 105 cells/ml) were plated per well in
6 well plates and the cells were maintained as mentioned above. The control plates received 0.01% DMSO
containing medium and treatment plates received 2-10 µl of anisaldehyde compound containing medium. After
48 h of incubation, the DNA was extracted from the cell lysate described as follow. The cells were washed with
PBS and added 0.5 ml of lysis buffer, transferred to a microfuge tube and incubated for 1 h at 37°C. To this 4 µl
of protienase K was added and the tubes were incubated at 50°C of phenol: chloroform: isoamyl alcohol was
added, mixed and centrifuged at 10, 000 rpm for 10 mins to separate the DNA containing upper aqueous phase.
Phenol-chloroform extraction was repeated twice, followed by chloroform extraction. To the resulting a aqueous
phase, 2 volumes of ice-cold absolute ethanol and 1/10th volumes of 3 M sodium acetate were added and
incubated for 30mins on ice to precipitate DNA. DNA was pelleted centrifuging at 13, 000 rpm for 10mins at 4
°C, the supematant was aspirated and the pellet was washed with 1 ml of 70% ethanol. After repeating the above
centrifugation step and the pellet was allowed to dry at room temperature and resuspended in 50 l of TE buffer.
The DNA was quantified by UV-visible spectroscopy and 10 g of DNA was electrophoresed in a 1.2% agarose
gel containing ethidium bromide, gel was examined under UV trans illuminator (Bio-Rad) and photographed.

III. RESULTS
A. DPPH radical scavenging
In the present study, the lowest DPPH free radical scavenging activity in Anisaldehyde obtained was 20% at
200, 400, 600 µg/ml and highest scavenging activity was 21% at 800 and 1000 µg/ml concentrations
respectively. The IC50 value was considered as the rate of inhibition of 21% at 800 and 1000 µg/ml (Fig.1).

Figure 1. Free radical scavenging effect of Anisaldehyde on DPPH assay

B. Chelating Assay
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In the present study, the chelating effect of Anisaldehyde compound on ferrous ions slightly increased as the
concentration increases from 200-1000 µg/ml. Anisaldehyde in 1000 µg/ml concentration had a maximum
(IC50) chelating effect on the ferrous ions at 27%. The chelating effect of Anisaldehyde was 6%, 8%, 13% and
19% at the concentrations of 200, 400, 600 and 800 µg/ml respectively (Fig. 2).

Figure 2. Free radical scavenging effect of Anisaldehyde on Chelating assay
C. Reducing Power Assay
In the present study, the reducing power of Anisaldehyde slightly increased with increase in the concentration.
Anisaldehyde compound had a maximum (IC50) reducing power at 23% in 1000 µg/ml but it was very much
lower when compared to the standard BHA. Reducing ability of Anisaldehyde compound obtained was 14%,
18%, 21% and 22% at 200, 400, 600 and 800 µg/ml respectively (Fig. 3).

Figure 3. Free radical scavenging effect of Anisaldehyde on sreducing power assay

D. Cytotoxicity assessment by MTT Assay
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Cell viability was measured by using MTT assay. The cells (MCF 7, Hep G2 and ME 180) were incubated for
48 h with different concentrations of Anisaldehyde. The Cell viability was decreased in the concentration
ranging from 200-1000 µg/ml of Anisaldehyde compound. In the present study 50% (IC50) viability was
obtained at the concentrations of 400, 600 and 800 µg/ml on MCF 7, Hep G2 and ME 180 respectively. In the
MTT assay, MCF 7 cells were more susceptible to the Anisaldehyde compound when compared to other cell
lines (Fig. 4, 5&6). Thus the MCF 7 cell lines were taken for the further experiments.

Figure 4. Effect of different concentration of Anisaldehyde on the growth of MCF 7 cells at 48 h incubation

Figure 5. Effect of different concentration of Anisaldehyde on the growth of Hep G2 cells at 48 h incubation
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Figure 6. Effect of different concentration of Anisaldehyde on the growth of ME 180 cells at 48 h incubation
E. Morphological Examination
The cancer cells MCF 7 were trypsinized and treated with the Anisaldehyde at the concentration of 400 µg/ml at
different time interval (24 and 48 h). The control cells did not show any morphological changes and treated cells
were in irregular confluent aggregates with round and polygonal cell morphology. In treated MCF 7 cells
destruction of monolayer was observed. The treated polygonal cells after 48 h of incubation begun to shrink and
became spherical in shape (Fig. 7). The cell shrinkage increased progressively in dose and time dependent
manner. This shrinkage may be due to the growth inhibitory effect of Anisaldehyde compound.

Figure 7. Morphological changes of MCF 7 cell line after 48 h incubation of Anisaldehyde treatment; A:
Control cells; B: Cells treated with 400 µg/ml at 24 h incubation; C: Cells treated with 400 µg/ml at 48 h
incubation
F. DNA Fragmentation
In this study MCF 7 cells were treated with Anisaldehyde compound for 48 h. Figure 8 represent the
Anisaldehyde compound induced DNA fragmentation of MCF 7 cells. In case of control, the cells have intact
DNA whereas in Anisaldehyde compound treated cells showed multi-tracked bands of DNA. DNA
fragmentation was observed at concentrations of 400 μg/ml at 48 h.
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Figure 8. DNA fragmentation analysis of Anisaldehyde compound on MCF 7 cells; C: Control
cells; A: Cells treated with 400 µg/ml at 48 h incubation
IV. DISCUSSION
Cancer is a growing health problem around the world. Natural products have long been used to prevent
and treat many diseases, including cancer and thus they are good candidates for the development of anti-cancer
drugs [11].Discovery of active compounds from natural products with the potential for use as chemotherapy
and/or chemotherapeutic agents are of great interest for cancer treatment. Chemotherapy constitutes an essential
treatment option for breast cancer although the overall therapeutic results are not completely satisfactory and
new advances or needed [12]. Anisaldehyde contain a number of biodynamic compounds of therapeutic value.
These compounds are providing valuable ideas for the development of new drugs against cancer, microbial
infections and inflammations [13]. Free radical is a molecule with an unpaired electron and is involved in
bacterial and parasitic infections, Cancer, lung damage, inflammation, reperfusion injury, cardiovascular
disorders, atherosclerosis, and aging and neoplastic diseases [14].They are also involved in autoimmune disorders
like rheumatoid arthritis etc. Antioxidant compounds may function as free radical scavengers, initiator of the
complexes of pro-oxidant metals, reducing agents and quenchers of singlet oxygen formation [15]. Therefore, the
importance of search for natural antioxidants has increased in the recent years and so many researchers focused
the same [16].Hence The present studies is an attempt to find the efficacy of the formulated drug anisaldehyde
compound, tested from antioxidant and free radical mediated anticancer activity, which specifically target breast
cancer cells without causing adverse effect on normal breast epithelial cells. The DPPH radical has been widely
used to test the potential of compounds as free radical scavengers of hydrogen donors and to investigate the
antioxidant activity of plant extracts. The DPPH radical scavenging activity of Anisaldehyde compound was
constant at all concentration because of having no more free/less OH group. Decreased concentration of DPPH
radical due to the scavenging ability of the soluble constituents in the Anisaldehyde compound and the standard
Gallic acid as a reference compound presented the highest activity at all concentrations. This shows that
Anisaldehyde compound possess hydrogen donating capabilities and acts as an antioxidant. A possible
explanation of the free radical scavenging activity is the neutralization of DPPH free radical by the antioxidant
components of crude extract / fractions, either by transfer of hydrogen or of an electron [17].The antioxidant and
anticancer activities of organic extract from Platycodon grandiflorum. These organic extract have that the lipid
peroxidation and free radial scavenging assay on the fractions from the silica gel column and TLC suggest that
the antioxidant active and probably phenolic compound has a high activity. The same author studied the
antioxidant and anticancer activities of organic extracts from P. grandiflorum. Their MTT assay revealed that
P. grandiflorum also contains a strong polyacetylenic anticancer compound which exhibited cytotoxicity on the
three human cancer cell lines HT 29, HRT 18 and Hep G2 [18].Antioxidants inhibit interaction between metal and
lipid through formation of insoluble metal complexes with ferrous ion[19]. The iron-chelating capacity test
measures the ability of antioxidants to compete with ferrozine in chelating ferrous ion [20].Figure 3 shows the ion
chelating effect of Anisaldehyde compound and compared with reference compound of EDTA. Ferrozine can
quantitatively from complexes with Fe2+. However, in the presence of chelating agents, the complex formation
is decreased. Therefore, measurement of the rate of colour reduction helps to estimate the chelating of the
samples. The transition metal ion, Fe2+ possess the ability to move single electrons by virutue of which it can
allow the formation and propagation of many radical reactions, even starting with relatively non-reactive
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radicals [21].The chelating capacity of the Anisaldehyde compound increased with increase in the concentration.
The reducing capacity of a compound Fe3+/ferricyanide complex to the ferrous form may serve as a significant
indicator of its antioxidant capacity [22].The existence of reductions are the key of the reducing power, which
exhibit their antioxidants activities through the action of breaking the free radical chain by donating a hydrogen
atom [23].The reduction of the Fe3+/ferricyanide complex to the ferrous form occurs due to the presence of
resultants in the solution. The reductive capabilities of the Anisaldehyde compound were compared with
Butylated Hydroxyl Anisole (BHA) as a standard compound for the reduction of the Fe3+- Fe2+ transformation in
the presence of the Anisaldehyde compound. The reducing capacity of a compound may serve as a significant
indicator of its potential antioxidant activity [24]. The result showed that the reducing power of the Anisaldehyde
compound slightly increased with increase in the concentration. These finding shows Anisaldehyde compounds
possess minimum reducing capabilities and acts as an antioxidant. Similar antioxidant activity has been reported
to be related to reducing power by some investigators [25].
The use of MTT test assesses the cell metabolism based on the ability of mitochondrial succinatedehydrogenase to convert the yellow compound MTT to a blue formazan dye. The amount of dye produced is
proportional to the number of live and metabolically active cells indeed, the anticancer activities of the
P. grandiflorum organic extracts and its fractions were investigated using a MTT assay on three human cancer
cell lines, HT 29, HRT 18 and Hep G2. A mitochondrial enzyme in living cells, succinate-dehydrogenase,
cleaves the tetrazolium ring, converting the MTT to an insoluble purple formazan. Therefore, the amount of
formazan produced is directly proportional to the number of viable cells [26] and cytotoxic activity of eudesmane
sesquiterpene glucosides from lychee seed. Likewise in this study, the Anisaldehyde compound was studied for
its probable antitumor activity against human cancer cell line (MCF 7, Hep G2 and ME 180). The Anisaldehyde
compound had high growth inhibitory activity against MCF 7 cells. MTT assay is a colorimetric method
effectively to screen the anti-proliferation of drugs. In our present investigation the cancer cells were incubated
for 48 h, as the cytotoxic effects of the drug on cancer cell lines were time and dose dependent. The result of
MTT assay shows MCF 7, Hep G2 and ME 180 cell lines were concordant with the data of performed viability
test for them. The Cell viability was decreased in the concentration ranging from of Anisaldehyde compound. In
the present study 50% viability was obtained at the concentrations of 400, 600 and 800 µg/ml of MCF 7, Hep
G2 and ME 180 respectively. Therefore, the Anisaldehyde compound showed potential antitumor activity
against MCF 7, when compare to other cell lines.
Apoptosis is an important way to maintain cellular homeostasis between cell division and cell death [27]
thus, induction of apoptosis in cancer cells is one of the useful strategies for anticancer drug development [28].In
this respect, many studies were performed for screening of apoptosis inducing components from plants [29],[30]
carried over a work on antioxidant and anticancer activities of high pressure-assisted extract of longan
(Dimocarpas longan) fruit pericarp. The results indicated that HPEL possessed abundant phenolic content and
exhibited good antioxidant and anticancer activities compared to that synthetic ones. In the present study,
Anisaldehyde compound showed significant cytotoxic activity and induced apoptosis on MCF 7 cells. In the
electrophoretic DNA fragments were obtained at 400 µg/ml concentrations on MCF 7 cell line. Based on the
results obtained in the present study, we can conclude that the Anisaldehyde compound did exhibit considerable
cytotoxic effect against human breast cancer cells. Therefore, more studies for final application of this
compound could be important in the field of natural antitumor investigation. DNA fragment analysis is a typical
assay to find out the drug induced apoptosis cell death. In general, fragmentation of chromatin to units of single
or multiple nucleosomes that form the nucleosomal DNA ladder in agarose gel is an established hallmark of
programmed cell death or apoptosis, was induced by activation of caspase cassette and finally it leads to
activation of DNase enzyme which results in DNA fragmentation and is a useful marker for screening
compounds for subsequent development as possible anticancer agents. The treatment of Anisaldehyde
compound induced cell selective apoptosis in the cell lines Viz. human breast (MCF 7), Liver (Hep G2) and
Cervical (ME 180) cancer cell lines.
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