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ABSTRACT

Objective: To screen the bioactive compound of Bixa orellana L.
seed extract and evaluating the antioxidant potential, reducing power,
DNA protection ability and anti-proliferative activity against Hep3B
cancer cell line. Methods: Bixa orellana L. seed extracts of different
solvents i.e. petroleum ether (PE), chloroform (CE), acetone (AE),
methanol (ME) and water (WE) extract were screened for the phyto-
bioactive compounds. Rapid free radical antioxidant screening and
hydroxyl radical scavenging assay were done by DPPH Dot blot
method and by using safranin respectively. Reducing power assay
was done by ferric chloride method. DNA damage protective ability
was evaluated by Fenton reagent method and anti-proliferative ability
against Hep3B cells were carried out by MTT (Thiazolyl blue
tetrazolium bromide) assay. Results: The screening of bioactive
compound shows the presence of alkaloids, saponins, flavonoids,
phytosterols, diterpenes, carotenoids, tannins and phenolic
compounds. All extracts scavenged the DPPH free radicals indicated
by discoloration of purple color background to yellow-white spot. All
extract showed the reducing power ability in a dose dependent
manner by reducing the ferric chloride. Hydroxyl radical scavenging
and DNA protection ability was maximum for PE extract.PE extract
shows the anti-proliferative activity against Hep3B cell line and ICs
values were found to be 78.11 ug/ml and 70.86pug/ml for 24 and 48h
respectively. Conclusions: These results suggest that Bixa orellana
seeds have a good antioxidant potential, DNA protective ability and
anti-proliferative effect. Further studies are necessary for detailed
chemical characterization and better understanding of their biological
activities of the most active ingredients.

Keywords: Antioxidants, Bixa orellana, Anti-proliferative, DNA
damage, Phytochemical screening, DPPH dot-blot.
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INTRODUCTION

From ancient times medicinal plants
are used for the treatments of wvarious
diseases. In recent year’s awareness are
more towards natural sources due to various
side effects of chemical drugs. Medicinal
plants are less expensive, safe and rarely
have side effects. Bixa orellana belongs to
family Bixaceae, commonly known as
annatto, economically important as it is a
natural source of bixin and used in food and
cosmetics from historic times'. It is also a
source of carotenoid derivatives, terpenoids,
tocotrienols, arenes and flavonoids®’.
Reactive oxygen species (ROS) are
generated as a consequences of cellular
metabolism. Cancer cell demand high level
of ROS to maintain their high proliferation
rate*. Carotenoids modulates the genetic
damage caused by chemical or mutagens.
Antioxidants are the molecules which help
to eliminate the toxic compound from the
body and decrease the risk of several
chronic diseases such as cancer, heart
diseases and macular degeneration™®. Seeds,
roots and leaves were used to treat
inflammatory  conditions, fevers and
parasitic diseases. Aqueous extract of seeds
of Bixa orellana has reduced the
hyperlipidemia effect in male Swiss mice’.
The present study is a focus on the
phytochemicals present in seed of Bixa
orellana, antioxidant properties, free radical
scavenging  activity,  anti-proliferative
potential and DNA protection ability from
oxidative damage.

MATERIALS AND METHODS

Chemicals

DPPH was purchased from Sigma
Aldrich, Bangalore, India. DMEM medium,
fetal bovine serum (FBS) and other chemicals
used in the work were purchased from HI-
MEDIA Pvt. Ltd, Bombay, India. The
chemicals used were of analytical grade.

Hep3B cell line were purchased from the
National Center for Cell Science (NCCS)
Pune, India.

Plant material collection and authentication
The seeds of Bixa orellana were
purchased from a local herbal shop in
Pondicherry and later it was authenticated by
Professor N. Parthasarathy of Department of
Ecology and Environmental Sciences, School
of Life Sciences, Pondicherry University,
Puducherry-605014, India.

Cell lines and culture conditions

Hep3B cells were cultured in DMEM,
high glucose containing 10% FBS and
maintained at 5% CO, at 37 °C. The medium
was supplemented with antibiotic penicillin
100U/ml and streptomycin 10pg/ml.

Preparation of Bixa orellana seed extracts

The seeds were made into powder
through a mechanical grinder and 76 gram of
the seed powder soxhleted sequentially with
250ml of each solvent namely petroleum
ether, chloroform, acetone and methanol. For
water extract, residues were heated at 80°C
with 250ml of water for 2hours. Further, it
was filtered through Whatman no. 1 filter
paper and evaporated through rotavapor. The
extract was stored in the fridge for further
studies. Percent of yield was calculated as
below:

% extract yield = (W/W;) X 100.

Where Wiis the weight of the extract
obtained after soxhletion and W, is the total
weight of powder taken for the extraction.

Phytochemical screening

Phytochemical test was carried out for
five different extracts i.e. petroleum ether
(PE) extract, chloroform extract (CE), acetone
extract (AE), methanol extract (ME) and
water extract (WE) by standard procedure®.
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The rapid Dot-Blot staining assay for
antioxidant activity by 1, 1-diphenyl -2-
picryl hydrazyl (DPPH)

Different concentration (5, 10, 20, 30
and 50ug) of the extract was spotted on the
Aluminum TLC plate (silica gel 60 F254
Merck, India). TLC plate was air dried and
stained by keeping the plate upside down for
10 Sec in 0.4mM DPPH solution in methanol.
The plates were incubated for 10 min in the
dark. The active antioxidant constituents of
the extract were detected as white spot against
a purple background. Ascorbic acid was used
as standard®.

Total antioxidants by phosphomolybdenum
method

The total antioxidant activity of the
extract was evaluated by the
phosphomolybdate method™'®. An aliquot of
0.1 ml of sample solution was mixed with 1
ml of the reagent solution (0.6 M sulfuric
acid, 28mM sodium phosphate and 4mM
ammonium molybdate. Tubes were capped
and incubated at 95°C for 90 min. The tubes
were allowed to cool to room temperature and
the absorbance was taken at 695 nm against a
blank. Ascorbic acid was used as a standard.
The total antioxidant capacity was expressed
as a milligram equivalent of ascorbic acid.

Reducing power assay

The reducing power of the extract was
evaluated according to the method of
Aiyegoro and Okoh''. Briefly, 1 ml of the
various concentration of the extract were
mixed with 2.5 ml of 0.2 M phosphate buffer
(pH 6.6) and 2.5 ml of K3Fe (CN)6 (1%w/v).
The resulting mixture was incubated at 50°C
for 20 min in water bath, followed by the
addition of 2.5 ml of TCA (10% w/v). The
mixture was later centrifuged at 3000 rpm for
10 min. 2.5 ml of upper layer was collected,
mixed with distilled water (2.5 ml) and 0.5
ml of FeClI3 (0.1%, w/v). The absorbance was
then measured at 700 nm against blank.

Butylated hydroxyanisole (BHA) was used as
standard.

Hydroxyl radical scavenging assay

Hydroxyl radical scavenging assay
determined by Sun er al'’. The reaction
mixture consists of 0.8 ml of 6% v/v H,O;,
Iml of 10 mmolL" of ferrous ammonium
sulphate-EDTA complex, 0.1 ml of safranin
(0.5mg/ml) and 1ml of different concentration
of extract was added. It was incubated for 1
hour in the dark. After that it was incubated at
40°C for 30 min, and absorbance was taken at
520nm.The change in absorbance indicates
the hydroxyl radical scavenging capacity of
extracts. The scavenging rate was expressed
as:

Scavenging rate (%) = (A¢-A/Ag) X
100, where Ag is the absorbance of control
and A is the absorbance of the extracts.

Ascorbic acid was used as positive
control.

In vitro cytotoxicity activity (MTT) assay

The cytotoxicity of the petroleum
ether seed extract against the Hep3B cells was
determined using MTT (Thiazolyl blue
tetrazolium bromide) assay adapted from
Mossmann'>. Cells were seeded into 96-well
plates at 10,000 cells/well and treated with
different concentration of the PE extracts.
After 24h and 48 h of treatment period, 20 pl
of MTT (5mg/ml) was added to each well and
incubated for 4h in dark at 37°C, the
formazan crystals were dissolved in DMSO.
The absorbance was measured at 570 nm
using a micro plate ELISA reader (Molecular
Devices Inc., Sunnyvale, CA, USA). All
experiments were performed in three
replicates. Percentage cytotoxicity of the cell
was calculated using the following formula:

% cell survival = [(Ac-Art) /Ac] X 100

Where Ac = absorbance of the control
cells, At = absorbance of the extract treated
cells.
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DNA damage protection assay

Genomic DNA was isolated from
Hep3B cells. 2pug of DNA was mixed with
Sul of ImM FeCl;, 5ul of 0.1mM Tris-buffer
(pH 7.4). Then, 10 pl of 2% different extract
was added. After adding Sul of 5SmM H,0,,
the mixture was incubated at 37°C for 30 min.
After the incubation, test samples were
analyzed on 0.8% agarose gels at 100 V with
IXTAE buffer at room temperature for 30
min. Quercetin (SmM) was used as positive
control'*. Gels were scanned on a syngene gel
documentation system.

Statistical analysis

The  experimental results are
expressed as mean + SD of triplets. Statistical
analysis was performed using one-way
analysis of variance (ANOVA) followed by
Tukey HSD with the help of SPSS 16 for
windows. A value of p < 0.05 was considered
statistically significant. The IC50 values were
calculated by linear regression analysis.

RESULTS AND DISCUSSION

Plants are a rich source of
antioxidants. It protects the cells from various
oxidants that has potential to cause damage to
cells that may lead to cancer. Antioxidants
depending upon solubility may be classified
as water soluble or lipid soluble. Water
soluble antioxidants protect the cell cytoplasm
and blood plasma whereas lipid soluble
antioxidants protect the cell membrane from
lipid peroxidation”’. The percentage
extractive value for all five extracts were
calculated. ME extract gave maximum yields
whereas yields of AE extract was low. PE
extract, CE extract and WE extract gave the
approximately same yields (Table 1).

Phytochemical analysis

A preliminary phytochemical
screening was done for all the five extracts
prepared. The PE extract found to contains
phytosterols. CE extract gave positive results

for the presence of alkaloids, phytosterols,
diterpenes and carotenoids. Similarly AE
extract found positive for alkaloids. ME
extract showed the presence of alkaloids and
carbohydrates whereas water extract found to
contains carbohydrates, saponins, flavonoids,
tannins and phenolic compounds and
diterpenes (Table 2).

Antioxidant activity of Bixa orellana seed
by Dot-blot assay

Natural antioxidants present in
medicinal plants are responsible for inhibiting
the harmful consequences of oxidative stress.
Many plants extract exhibit efficient
antioxidant properties due to their active
phytoconstituents, including phenolics and
related compounds®. The antioxidant
capacity of Bixa orellana seed extract was
evaluated semi-quantitatively by a rapid
DPPH Dot-blot staining method. DPPH is a
stable free radical and accepts electron or
hydrogen radical to become stable
diamagnetic molecule®™. The DPPH free
radicals were scavenged by anti-oxidants
present in the plant. The discoloration of
Purple color of DPPH reagent to yellow-
white spots by Bixa orellana seed extract
revealed the free radical scavenging property
of the extract (Figure 1). All extract has
shown positive response towards DPPH
scavenging activity.

Determination of total antioxidant activity
The phosphomolybdenum method is
based on the reduction of molybdenum by the
antioxidants and the formation of a green
molybdenum (v) complex, which has
maximum absorption at 695nm. The total
antioxidant capacity observed in the extract of
Bixa orellana is expressed as a milligram
equivalent of ascorbic acid per gram of the
extract (Figure 2). Chloroform extract has
shown maximum total antioxidant activity
(311.12mg of ascorbic acid per gram of
chloroform extract). PE, AE, ME and WE
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extract has shown 71.88mg, 92.56mg,
21.12mg and 32.92 mg of ascorbic acid per
gram of the respective extract. The
measurement of antioxidant activity reflects
the meaningful comparison of antioxidants
compounds and for the diagnosis and
treatment of oxidative stress associated
ageing, cancer and neurodegenerative
diseases™.

Reducing power assay

Electron transfer ability of a
compound determines its reducing power
capacity and serves as a significant indicator
of its potent antioxidant potential by reducing
Fe’/ferricyanide complex to its form®. In
this assay according to potential of the extract,
the yellow color of a test solution changes to
green and blue. Greater is the absorbance at
700nm greater is the reducing power. Figure
3represents the reductive capabilities of the
different extract. The extract was observed for
the increase in reducing power while
increasing concentration, but in comparison
with standard butylated hydroxyanisole it was
very low. The order of reducing ability of the
extract was CE>AE>PE>WE>ME extracts.
The result showed the reducing capacity of
the extract, which is an important parameter
for a compound to be a good antioxidant®’.

Hydroxyl radical scavenging activity

The hydroxyl radical is the most
reactive oxygen species since it can pass
easily through the cell membrane and it
induces damage to the several biomolecules
such as DNA, lipids and protein'>'®. The
scavenging effect of extract and quercetin are
shown in figure 4. All extract except WE,
scavenged the hydroxyl radical formed in a
dose dependent manner. The IC50 values for
quercetin, PE, CE, AE and ME were found to
be 40.81pug/ml, 40.68ug/ml, 52.4681pg/ml,
53.38ug/ml and 42.5781ug/ml respectively.
Hydroxyl radical scavenging activity was
maximum for PE extract and effectiveness

was found to be as that of quercetin followed
by ME, CE and AE extract. The hydroxyl
radical scavenging activity may be attributed
to the presence of different phytochemical
constituents in the extracts.

Anti-proliferative activity

Various plants have been found to
inhibit tumor growth. The anti-proliferative
assay by MTT determines the integrity of
mitochondria and reflects the viability of the
cells’. The results of MTT assay showed that
the petroleum ether extract of Bixa orellana
seed inhibited the proliferation of Hep3B liver
cancer cell in time and dose dependent
manner (Figure 5).The respective Inhibitory
concentration 50 (IC50) was 78.11 pg/ml and
70.86 pg/ml for 24h and 48h of treatment.
Phytosterol is known to have anti-cancer
potential and retarded the growth and spread
of breast cancer cell in mice'®*. The presence
of phytosterols in the petroleum ether extract
of the seed of Bixa orellana may be
responsible for anti-proliferative activity of
the Hep3B cancer cell line.

DNA damage protection assay

Hydroxyl radicals formed by Fenton
reaction induces brakes in DNA strands.
Different seed extracts of Bixa orellana was
evaluated to assess the prevention of
oxidative DNA damage by hydroxyl (*OH)
radicals. Combined treatment with FeCl; and
H,0; in the absence of plant seed extract led
to the oxidative damage of the genomic DNA
producing base radicals and sugar radicals.
The maximum prevention of DNA damage
shown by the PE extract. CE, AE, WE extract
also prevented the DNA from oxidative
damage to some extant but ME extract does
not protect the DNA at a 200pg / ml
concentration (Figure 6). DNA protection
activity from Fenton reaction may be
attributed to the presence of various
antioxidant phytochemical constituents which
were reported to neutralize different free
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radical agents like superoxide, hydrogen
peroxide (H202), hydroxyl (OH) and peroxyl
(ROO) by diverse mechanisms including
electron donation as reducing agent®*.

CONCLUSIONS

Plants are a good source of bioactive
compounds with negligible side effects. These
bioactive compounds play a significant role in
terminating the generation of free radical
chain reactions'’. Bixa orellana is a plant of
interest from historic times due to different
culinary and medicinal use. Hence this study
was carried out to evaluate the Bixa orellana
seed for antioxidants, anti-proliferative and
DNA protective ability from oxidative stress.
The qualitative phytochemical analysis of
different solvent extract has revealed the
presence of alkaloids, carbohydrates, tannins,
phenolic compounds, carotenoids, flavonoids,
diterpenes and Phytosterols. Flavonoids are
the most important natural phenolic and they
possess a broad spectrum of chemical and
biological activities including free radical
scavenging properties'. Flavonoids reduce
free radicals by up-regulating, quenching and
have a variety of biological activities, such as
antioxidativezo, antidepressantZI, anti-
inflammatory”> and cancer preventive”. The
presence of these phytocompounds such as
tannins, flavonoids, carotenoids and phenols
in Bixa orellana seed extract may give
credence to its local medicinal usage for
different ailments. Tannins have been used
traditionally for the treatment of diarrhea,
hemorrhage and detoxification™.

From this study, it can be concluded
that different seed extracts of Bixa orellana
demonstrated good antioxidant, reducing
power, free radical scavenging activity, DNA
protection ability as well as anti-proliferative
properties. Further studies are needed for
isolation, structural elucidation, and screening
of active principles. This study provides
experimental evidence and supports the
folkloric use of this plant.
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Table 1. Extractive value of different solvent extract of Bixa orellana seed

Extract Petroleum ether Chloroform
(PE) (CE)
Extractive e 4 20%
value

Methanol
(ME)

Acetone

(AE)

0.68% 8.57% 4.42%
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Table 2. Preliminary phytochemical analysis of different solvent extract of seeds of Bixa

Name of the

phytoconstituents

Test name

orellana

Name of the extracts
Petroleum- Chloroform Acetone Methanol
ether (PE) (CE) (1:\3) (ME)

Water
(WE)

Mayer’s test - + + = =
Wagner’s test - + + = =
Alkaloids Hager’s test - + + + =
Dragendorff’s
test i * * * i
Carbohydrate Benefﬂ ic:c's test - - - - s
Fehling’s test - - - + -
Saponins Foam test - - - - +
Alkaline reagent ) i ) ) .
Flavonoids test
Lead acetate - - - - -
Tannins and Lead acetate test - - - - +
phenolic Ferric chloride ) i ) _ +
compounds test
Salkowski’s test - + - - -
Phytosterol’s Liebermann-
Burchard’s test * * i i i
Detection of Copper acetate ) . ) ) .
Diterpene test
Test for With sulphuric i N i i i
carotenoids acid

Positive (+) and Negative (-) sign represent the presence and absence of the phytoconstituents

respectively.
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Figure 1. Dot-blot assay for antioxidant activity of Bixa orellana extract by
DPPH. Different solvent extract i.e. Petroleum ether (PE) extract,
chloroform extract (CE), acetone extract (AE), methanol extract (ME),

water extract (WE) were spotted and ascorbic acid (AA) was used as

standard

350

300
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mg equivalant of Ascorbic acid
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WE

Figure 2. Total antioxidant capacity of the different extract compared to

ascorbic acid
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Figure 4. Hydroxyl radical scavenging activity of Bixa orellana seed extract
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Figure 5. In vitro anti-proliferative effect of petroleum ether extract of seeds
of Bixa orellana

Hep3B cells were exposed to PE extract for 24h (*) and 48h (**) and inhibitory concentration 50
were 78.11 pg/ml and 70.86 pg/ml respectively. The data are expressed as percentage
cytotoxicity and represent the means + S.D. of three independent experiments. The values were
compared to control by one way ANOVA (using SPSS 16 for windows) at a p value < 0.05.
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Figure 6. DNA damage protection assay of Bixa orellana extract by Fenton
reaction

Lane 1: untreated control DNA (2pg); lane 2: DNA (2pg) + FeCI3 (1mM) + H202 (SmM); lane
3: DNA (2pg) + quercetin (SmM) + FeCl3 (ImM) + H202 (5mM); lane 4: DNA (2pg) + 10ul
2% PE extract + FeCI3 (ImM) + H202 (5SmM); lane 5: DNA (2pg) + 10ul 2% Chloroform
extract + FeCI3 (1mM) + H202 (5mM); lane 6: DNA (2pg) + 10ul 2% acetone extract + FeCl3
(ImM) + H202 (5mM); lane 7: DNA (2pg) + 10ul 2% methanol extract + FeCl3 (1mM) +
H202 (5mM); lane 8: DNA (2pg) + 10ul 2% water extract + FeCl3 (1mM) + H202 (SmM).
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