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ABSTRACT

Cancer is a disease that is increasingly affecting people globally, in recent times. In this study, we have considered methanolic, ethyl
acetate and aqueous extracts of three seed samples viz. seeds of Vitis vinifera, Nigella sativa and Ocimum basilicum. The extracts
were screened for their protection capacity against hemolysis, inhibition of lipid peroxidation (<15% by all extracts), and cellular
toxicity using MTT assay (>60%). Further, the potential of the extracts to inhibit angiogenesis and migration of leucocytes were
studied, as these two mechanisms play a significant role in proliferation tumors. It was seen that the seeds exhibited desirable
results in all the mentioned assays. Extracts of O. basilicum and V. vinifera seeds showed better results compared to the seeds of N.
sativa. Hence, it can be concluded that the seeds possess potential chemotherapeutic properties.
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INTRODUCTION

ancer is a disease that has become the second

leading cause of death globally. 5-10% of cancer

cases can be attributed to genetic defects and the
remaining 90-95% has its roots in the environment and
lifestyle. Diet, obesity, and metabolic conditions are linked
to various cancers and account for as much as 30-35% of
cancer deaths. Hence, dietary changes can help in
prevention of cancer. Our project involves studies of
dietary sources like seeds of grape, basil and nigella to
assess their properties that can be effective in suppression
or prevention of cancer'?,

Chemotherapy is the main treatment method for certain
types of cancer. It is important to monitor and ensure that
these chemotherapeutic drugs are potent and effective
prior to administration to patients 3.

ROS also causes lysis of red blood cells (hemolysis) by
changing the structure of haemoglobin % The damage
caused by this ROS to the erythrocytes can be inhibited by
some of the antioxidants present in the plant extracts. The
destruction of the RBC membrane is the major factor for
hemolysis. Various antioxidant mechanisms together form
the reason for the anti-hemolytic activity °.

Lipid peroxidation is often low in tumor tissue when
compared to normal tissue. In the paper, various
contributory factors controlling the rate of microsomal
lipid peroxidation in normal rat liver and in the Novikoff
hepatoma were analyzed. The low rate of lipid
peroxidation in the hepatoma seemed to be due to low
levels of polyunsaturated fatty acids and of cytochrome P-
450 and elevated levels of lipid-soluble antioxidant, a-
tocopherol. However, low rates of inhibition led to
increase in cell division. The mechanism is still
controversial and under study ©.

In vitro cell-based cytotoxicity assay can be said to be
useful, reliable and rapid method for demonstrating
chemotherapeutic drug activity 3.

Tumor cells are seen to utilize leukocytes for their
extravasation as linkers to the endothelium 7. Macrophage
Migration Inhibitory Factor (MIF) is an overexpressed
inflammatory cytokine in many types of cancer, correlating
with tumor aggressiveness and poor patient outcomes. It
was discovered that depletion of MIF in the 4T1 model
results in delayed tumor growth and impaired metastasis.
MIF-expressing tumor cells showed decreased markers of
immunogenic cell death. Thus, MIF expression in the
primary tumor dampens the anti-tumor immune response,
promoting tumor growth &,

CAM assays have been widely used to study angiogenesis,
tumor cell invasion and metastasis. The CAM assay is
carried out as a closed system, the half-life of many
experimental molecules such as small peptides tends to be
much longer in comparison to animal models, allowing
experimental study of potential anti-metastatic
compounds that are only available in small quantities °.

Vitis vinifera

Vitis vinifera is a perennial woody, climbing plant that
belongs to family Vitaceae. It is commonly known as grape
vine. The grapevine is native to Southern Europe and
Western Asial’. Grapes have been used for winemaking
since ancient Greek and Roman civilizations®’. In recent
years, grape seed extract has become increasingly popular
on the market as a nutritional supplement *2. Phenolics of
grape seed may help to inhibit enzyme systems that are
responsible for production of free radicals and are
associated with inflammatory reactions 3.
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In vitro, proanthocyanidins have been shown to exhibit
strong antioxidant activity and scavenge reactive oxygen
and nitrogen species, modulate immune function and
platelet activation, and produce vasorelaxation by
inducing nitric oxide (NO) release from endothelium?®,
Grape seed extracts have also exhibited anti-tumor
properties. Promising results have been shown by several
studies performed in human colorectal carcinoma,
prostate cancer cells'®>, head and neck squamous cell
carcinoma?®, skin and breast cancer®’.

Nigella sativa

Nigella sativa is also commonly known as black caraway,
black cumin and kalonji is an annual flowering plant 18,
Black cumin has been used as a spice and food preservative
for thousands of years. It is a native plant found in south
and southwest Asia®. Black cumin seeds also contain other
compounds in trace amounts. The seeds contain two
different types of alkaloids; i.e. isoquinoline alkaloids and
pyrazole alkaloids. It also contains terpenes (e.g. - a-
hederin) and saponins which are found to be a potential
anticancer agent®°.

In various studies by the researchers, it has been shown
that thymoquinone present in the Nigella seed is involved
greatly in anti-cancer activity and therefore, called as an
anti-cancer agent. Thymoquinone has been shown to alter
genes which control angiogenesis (the growth of new
blood vessels), tumor suppression, inflammation and
apoptosis (natural cell death). It has also been shown to
suppress osteosarcoma, bladder, pancreatic, breast, lung,
skin and colon cancers 2.

The anti-cancer properties of N. sativa have been mainly
attributed to its ability to exert potent anti-proliferative,
pro-apoptotic, anti-oxidant, anti-mutagenic, and anti-
metastatic roles. Experimental findings suggest that N.
sativa extracts can potentially be employed in the
development of effective therapeutic agents that can be
employed in the regulation of various stages of
tumorigenesis and treatment of many types of cancer??,

Ocimum basilicum

Ocimum basilicum is commonly known as basil which is
native plant of tropical regions. It is one of endemic plant
which is used as pharmaceutical plant and also as culinary
herb. Basil seeds have been traditionally used for the
treatment of dyspepsia, ulcer, diarrhoea and other illness.
It has also been used for preparation of beverages,
cosmetics, perfumes and food industry. They are a good
source of dietary fibres?>2°,

Basil seeds are shown to offer multiple benefits. They are
proven to have good anti-microbial, antioxidant and
anticancer activities. Bioactivity of O.basilicum seeds has
projected the great importance of functional foods?6. They
are also used in treatment of acidity, diabetes,
constipation, migraine, depression, cholesterol, arthritis
and so on. They are shown to improve memory and reduce
risk of heart diseases %’.
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Thus, the aim of the current study is to compare the
antioxidant properties of the seeds of Vitis vinifera, Nigella
sativa and Ocimum basilicum.

METHODS AND MATERIALS
Sample preparation

10% methanolic, ethyl acetate and aqueous extracts of
each seed sample was freshly prepared and was used for
the assays.

Phytochemical analysis

Phytochemical examinations were carried out for all the
seed extracts as per the standard methods.

Alkaloids were detected by Mayer’s test 28, Wagner’s test
and Dragendroff’s test.

Carbohydrates were detected by Molisch’s test, Benedict’s
test and Fehling’s test.

Glycosides were detected by Keller-Kiliani test.

Saponins were detected by Foam test %°.

Flavonoids were detected by Lead acetate test .
Phenols were detected by Ferric chloride test 3% 32,

Coumarins were detected by adding 10% Sodium
Hydroxide to 1mL of the extract making it alkaline.
Appearance of blue green fluorescence shows the
presence of coumarin glucosides 33,

Fixed oils were detected by adding 0.5N Potassium
Hydroxide to the sample extract and heated in a water
bath after the addition of few drops of phenolphthalein.
Appearance of pink color indicates the presence of fixed
oils or fats 3132

Tannins were detected by boiling 1ml of each sample was
separately with 10ml distilled water for 5 minutes in a
water bath and was filtered hot. 1ml of cool filtrate was
diluted to 5ml with distilled water and a few drops of 10%
Ferric Chloride were observed for any formation of
precipitate and for any color change. A reddish blue black
or brownish green precipitate indicated the presence of
tannins 34,

Triterpenes and terpenoids were detected by Salkowski’s
test 313235,

Proteins and amino acids were detected by Xanthoproteic
test 3,

Anti-hemolytic activity

5mL of blood from a healthy person was collected in EDTA
vials and centrifuged for 5 min at 1000 rpm. Supernatant
was removed and pellet was washed thrice with PBS
(0.2 M, pH 7.4) before re-suspending in saline solution
(0.5%). 0.5 ml of the extract was dispensed to 1 ml of
erythrocyte suspension and incubated at room
temperature for 20 min. Next add 0.5 ml of H.0; solution
made in buffered saline to the reaction mixture for
provoking oxidative degradation of the membrane lipids.
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Subsequently, the samples were centrifuged at 1000 rpm
for 10 min and the absorbance of supernatant was noted
spectrophotometrically at 540 nm.

The relative hemolysis was assessed in comparison with
the hemolysis using phosphate buffer saline as a control.
Each set of experiments was performed in duplicates and
inhibitory activity of different fractions was calculated and
expressed as percent inhibition of hemolysis.

Hemolysis (%) = (Sample abs/ control abs)*100
Protection (%) = 100 - % Hemolysis
Lipid peroxidation inhibition

Standard solution of MDA (1,1,3,3-tetramethoxypropane)
was prepared in distilled water. 1-5mL aliquots of the
standard were made up to 5mL with distilled water. 5mL
glacial acetic acid and 0.5mL TBA (0.5%) were added and
the mixture was incubated in boiling water bath for 45min.
After cooling, 0.5mL of 5M HCl was then added to each
tube and absorbance was read at 535nm against a suitable
blank.

Lipid peroxidation inhibition of the extracts was estimated
by using 1.5mL of MDA and 0.5mL of sample in each tube.
The volume was made up to 5mL in each case and
processed as mentioned above. Percent inhibition of the
sample extracts were calculated relative to the control.

Leucocyte migration assay

Whole blood sample was freshly collected from a
volunteer and was centrifuged at 1500rpm for
15min.White buffy layer of leucocytes was collected. 1%
solution of agar was poured on to glass plates, allowed to
solidify and two wells were punched out (opposite to one
another) on each plate. Sample extract was loaded into
one well and the collected leucocytes were loaded into the
other. This creates a chemical gradient for migration of
leucocytes. Migrated cells were observed under light
microscope after 24hr incubation at 37°C.

MTT assay

MTT assay is a quantitative assay that assesses the
metabolic activity of the cells. This assay involves the
conversion of yellow tetrazolium MTT to insoluble purple
formazan by the enzyme, NAD(P)H-dependent cellular
oxidoreductase ¥’.The formed formazan can be dissolved
to yield a purple colour, the intensity of which is directly
proportional to the cell number and indicates cell viability.

The liver tissues were weighed (250mg) and cultured in 1x
PBS for 24 hrs, at 37°C. After 24 hrs, the culture medium
was replaced. The cells were treated with 0.5mL of the
sample extracts and incubated for 24hrs at 37°C. The
culture medium was again replaced with fresh medium.
Subsequently, 20puL of standard MTT (5mg/mL in
phosphate buffer) was added to each well and incubated
for 4hrs. 0.04N HClI (in isopropanol) was then added to stop
the reaction and solubilize the crystals. The viability of the
cells were then determined spectrophotometrically at
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570nm. Relative cell viability with respect to a viable cell
control was calculated as follows:

Cell viability (%) = (abs. sample/ abs control)*100
Chick Chorioallantoic Membrane (CAM) Assay

The CAM assay was used to study antiangiogenic activity
of the aqueous extracts of the seed samples according to
the method proposed by Ribatti et al., 1997 3% . Fertilized
chicken eggs were obtained from a local breeder in Kolar,
Karnataka, India. The eggs were checked for damage and
were cleaned with 70% ethanol. The eggs were then
incubated at 37°C, under constant humidity. The eggs were
rotated three times a day.

Extract administration was carried out as per the
development of CAM and vitelline veins. The development
of CAM and vitelline veins were observed under the light.
A small window was made on the narrow end of the egg
after 3 days of incubation using sterile scalpel and needle.
A combination of sample extracts i.e., GW, BW and NW
were used to determine the synergistic effect on
angiogenesis.

Sterile gelatin sponges were dipped in 1mL mixture of GW,
BW and NW samples. These sponges were then placed
inside the egg next to the blood vessels. A sterile adhesive
tape was then used to seal the window on the egg. The
eggs were then incubated for 3 days under constant
humidity at 37°C.

The adhesive tape was removed carefully and the eggs
were checked for anti-angiogenic effects, i.e., blood
coagulation or breakage in blood vessels.

All the above steps were carried out in the laminar air flow
hood.

RESULTS AND DISCUSSION
Phytochemical screening

The qualitative phytochemical analysis of methanol, ethyl
acetate and aqueous extracts of Grape, Nigella and Basil
seeds showed the results as tabulated in Table 1.

The phytochemical screening of the sample extracts
showed the presence of alkaloids, flavonoids, phenols,
coumarins, tannins, terpenes, proteins, carbohydrates,
cardiac glycosides, saponins, fixed oils, sterols and
phytosterols. Each of the experiments were performed in
duplicates and the results obtained are represented as +
for positive results and — for negative results.

The tests revealed that all the extracts of the seeds showed
the presence of alkaloids, flavonoids, phenols, coumarin,
tannins, terpenes and proteins. Carbohydrates are present
in aqueous extracts of all the seeds and in methanolic
extracts of Nigella and Basil seeds. Cardiac glycoside is
present in methanolic and ethyl acetate extracts of Grape
and Nigella seeds. Triterpenes are present only in GM and
GE. Saponin is found to be present in all the extracts of
Nigella seeds. Fixed oils are present in all the extracts of
the seeds except in ethyl acetate extracts of Grape and
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Basil seeds. Sterols and Phyto steroids are present only in
methanolic and ethyl acetate extracts of Nigella seeds.

Phytochemical properties aid in detection of secondary
metabolites constituents. They are natural compounds
produced by plants and show biological significance by
playing an essential role in the plants to defend themselves
against various pathogenic microbes, predators or
competitors. The secretion of these compounds varies
from plant to plant. Laboratory studies have shown the
evidence that these phytochemicals possess antioxidant
activity, which reduces the risk of cancer and various other
diseases.

Table 1: Results of qualitative phytochemical screening

Test GM GE GW NM NE NW BM BE BW
Alkaloids

Mayers

Wagners

Dragendroff
Carbohydrates

Molisch - -+

Benedict - - -

Fehling - - -
Cardiac Glycoside +
Saponin
Flavonoid

+
'
+
'
+

+ o+

Phenol
Coumarin
Fixed Oils
Tannins

Sterols &
Phytosteroids sle|l | @ |d] s|=]=]-=

Salkowski
Triterpenes || o ||l =]=]-s
Terpenoids - -+ o+ o+ o+ o+ o+ 4+
Protein
Xanthoproteic + 0+ 4+ o+ o+ o+ o+ o+ o+

.
+
+ + + + + + + o+

+ o+ o+ o+ o+
+ + o+ + + o+

Anti-hemolysis assay

Erythrocytes are considered as the major target for the
free radicals due to the presence of both high membrane
concentration of polyunsaturated fatty acids (PUFA) and
hemoglobin molecules which are redox active oxygen
transport molecules and potent promoters of activated
oxygen species ¥,

The magnitude of hemolysis was appeared to be much
more immense, when red blood cells were exposed to any
toxicant like hydrogen peroxide %°. The main purpose of
this experiment was to assess whether different extracts
of seed samples prevented oxidative damage to the human
erythrocyte membrane or not.

The principle of this assay is that H202 mediated oxidation
of lipid in human blood erythrocytes membrane induces
membrane damage and eventually leads to hemolysis. It is
a peroxyl radical initiator that generates free radicals by its
thermal decomposition and will attack erythrocytes to
cause the chain oxidation of lipid and protein, disturbing
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the membrane organization and eventually leading to
hemolysis 4.

When red blood cells were treated with extracts along with
H202, marked reduction in hemolysis was found.
Maximum inhibition of hemolysis was exhibited by NE, NW
and NM (>90% RBC membrane stabilization). The
anithemolytic activity of Basil seed methanolic extract
(BM) was significantly higher (95%) than the other solvent
extracts.

GM showed the highest percentage (~70%) protection
against hemolysis in comparison to the other solvent
extracts of the Grape seed.

This high activity may due to the presence of secondary
metabolites in these sample seed extracts.

The presence of phenolic compounds in the sample seed
extracts was revealed by preliminary phytochemical
screening which is strongly correlated with anti-hemolytic
activity *2.Since phenolic compounds appear to function as
good electron and hydrogen atom donors, they are able to
cease radical chain reaction by converting free radicals and
reactive oxygen species to more stable products “3.
Therefore, our findings were in agreement with the studies
showing that phenolic compounds protect RBCs form
oxidative stress or increase their resistance to oxidative
damage (Fig 1).

Anti-hemolysis
120

100

80 A
60 - T

40 -

% Protection

20 A

0_
BW BE BM GW GE GM NW NE NM

Crude seed extract

Figure 1: Anti-haemolysis % protection exhibited by
various extracts of the seed samples.

Lipid peroxidation inhibition
16
14 T
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10 -

% Inhibition

o N B O
1
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Crude seed extract

Figure 2: Lipid peroxidation inhibition by seed extracts.
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Lipid peroxidation inhibition assay

Lipid peroxidation is the oxidative degradation of lipid cell
membranes, resulting in cell damage. The radicals procure
electrons from the membrane. It mostly affects
polyunsaturated fatty acids®*. Malondialdehyde (MDA)
and 4-Hydroxynonenal (HNE) are generally the final
products of polyunsaturated fatty acids peroxidation in the
cells. Malondialdehyde level is commonly known as a
marker of oxidative stress and the antioxidant status in
cancerous patients 4.

Lipid peroxidation products control cell proliferation and
induce differentiation, maturation, and apoptosis. Lipid
peroxidation and ROS are triggers and mediators of
apoptosis, which eliminates precancerous and cancerous,
virus-infected and otherwise damaged cells. Lipid
peroxidation, also facilitates mitochondrial
permeabilization, leading to cell death. This mechanism
can be prominently seen in breast cancer and skin cancer?®,
However, at low concentrations of ROS and peroxidation
products, cancer cell growth and proliferation can be
observed ¥.

The crude extracts of seeds showed a low percentage
(<15%) of inhibition of lipid peroxidation. NE showed
almost no inhibition of lipid peroxidation (Fig 2). This
indicates that the samples do not cause significant
decrease in oxidative stress and aids in driving the cells to
apoptosis.

Leucocyte migration assay

Leukocytes and their soluble mediators play a critical role
during primary tumor development and metastasis.
Chronic infiltration of tissue by leukocytes, aka, chronic
inflammation, is associated with predisposition to
cancer®®, These cells release growth factors, including
members of epidermal growth factor, which directly
influence the behaviour of tumor cells. They could provide
chemotactic cues to promote the egress of carcinoma cells
from the tumor .

Most carcinomas contain infiltrates of diverse leukocyte
subsets including both myeloid- and lymphoid-lineage cells
50 whose complexity and activation status vary depending
upon the stage of malignancy®® 2. Monocytes and
macrophages are a subset of leukocytes that play distinct
roles in tissue homeostasis and immunity. Direct
communication between macrophages and tumor cells
leads to invasion and intravasation®3. Overall,
macrophages contribute to invasion, intravasation,
angiogenesis, and extravasation equally .

Therefore, inhibition of leucocyte and macrophage
movement can restrict the migration and metastasis of
carcinoma cells.

Crude seed extracts showed varied effect on cell migration
(Fig 3). NE, BM and GE showed maximum inhibition of
cellular migration; most cells were seen to be retained at
the region of loading. Ethyl acetate extracts of seed
showed to have maximal activity. The methanolic extracts-
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NM and GM, and BW showed minimal inhibition, thereby
acting as a chemo attractant for the cells (Fig 4).

Figure 3: Leucocytes as observed under the microscope.
A,B-> show the migrating cells and macrophages. They are
seen to have an amoeboid shape. C,D ->cells after the
completion of migration, after 24hr incubation.

() = =i Ons D .7 -G

(0!_-.‘) St K -

Figure 4: Representation of leucocyte migration on the gel
matrix. Black circle represents the well containing
leucocytes and brown circle is the well containing crude
seed extract (A -> J: control {PBS}, GW, BW, NW, GM, BM,
NM, GE, BE, NE). The migrated leucocytes are indicated by
red dots

MTT assay

MTT assay is a cell viability assay used for the assessment
of metabolic activity of the cell, cytotoxicity and cytostatic
activity. Cytotoxic potential of different extracts of the
samples was studied and compared®. The liver tissue of
Gallus gallus domesticus was treated with the crude seed
extracts and formation of violet-coloured formazan
crystals were observed and compared with the control.

Cells with active metabolism are viable and have the ability
to convert MTT to formazan. The non-viable cells lose their
ability to cause the conversion. Hence, this assay serves as
marker to detect cell viability. The MTT assay is one of the
methods wused to predict the drug response in
malignancies®®.
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A decrease in absorbance at 540nm was observed in all
cases, indicating that the crude seed extracts induced
cytotoxicity. NM treated cells showed a comparatively
higher absorbance, indicating that NM maintains
mitochondrial activity and cell viability to a large extent.
The other extracts decreased the cell viability by more than
60%. GE extract showed the greatest cytotoxicity, making
the cells almost non-viable. Thus, the crude seed extracts
act as a potential chemotherapeutic agents (Fig 5).

MTT assay
120

=
o O
o O

N
o

% Cell viabilty
D
o

N
o
!

o
!

BW BE BM GW GE GM NW NE NM

Crude seed extract

Figure 5: Ability of various crude seed extracts to preserve
cell viability

Figure 6: blood vessels of the chick embryo observed after
the incubation period. A: control- showed intact
vasculature. B: treated- coagulation and degeneration of
blood vessels were observed.

Chick chorioallantoic membrane assay

Angiogenesis is an important step in the tissue expansion
which when get enhanced leads to the formation of
tumors and haematological malignancies®. Anti-
angiogenic activity is considered to be a promising
approach for treatment of cancer®®. Angiogenesis is an
important factor in the biology of solid neoplasms. Solid
tumors display full malignant potential only after they have
elicited new vascular channels from the host for their own
use. If this vascular growth is prevented, then small tumor
populations tend to remain dormant®°.

For the assay, aqueous extracts of seeds were used to
determine their synergistic effect on angiogenesis.
Expected endpoints included reduction in number of blood
vessels, mild haemorrhage, vasoconstriction, dilation or
disintegration of vessels.
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After the period of incubation, it was observed that the
eggs treated with the seed extracts showed coagulation
and disintegration of blood vessels. The control showed no
significant change in the morphology of the blood vessels
(Fig 6). This indicated that the aqueous extracts of seed,
i.e., BW, GW and NW work in a synergistic manner to
prevent the proliferation of blood vessels, thereby
exhibiting a good anti- angiogenetic property.
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