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Abstract- Phytochemicals are plant products produced as a result of primary or secondary metabolism which is used by
plants for various purposes such as pigment or as a defence against insects and predators. Phytochemicals are being
increasingly utilized for medicinal purposes due to the presence of bioactive compounds in them. The phytochemical
analysis of the leaf extracts was performed both qualitatively and quantitatively with the respective methods and the
differences in the phytochemical status of both the plant extracts were determined. The anti-oxidative capacity of the leaf
extracts was measured by DPPH radical scavenging activity. The presence and characterization of bioactive active
compounds were assessed by Thin Layer Chromatography. The anti-tumorigenic potential of the leaf extracts was
assessed by the tetrazolium dye method viz. MTT assay. The anti-tumorigenic potential of the leaf extracts was analyzed
in three colon cancer cell lines viz., HCT-15, COLO-205, and HT-29 and in normal human keratinocyte (HaCaT) cell line.
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INTRODUCTION

Colon cancer is the second most frequently observed
cancer in women and the third most commonly observed
cancer in men worldwide.'* Colon cancer usually originates
from the inner lining of the large intestine or colon and can
traverse up to the rectum. The tumour can spread via [ymph
nodes and blood vessels to the adjoining tissues and organs
such as the lung, abdominal cavity or pelvis wall. The risk
factors associated with colon carcinoma primarily include
obesity, consumption of foods that are low in fruits and
vegetables and behavioural disorders such as physical
inactivity and smoking.® The treatment modality depends
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on the type and resectablilty of the tumor. The choice of
treatment begins after the preliminary examination via
radiological imaging techniques such as CT scan and MRI
to assess the location and to determine tumor grading along
with a series of pathological tests.? The course of treatment
also takes into consideration the status of cancer as to
whether it is a primary non-metastatic tumor or a metastatic
tumor. The primary non-resectable tumors are generally
treated by radiotherapy or chemotherapy but the non-
resectable metastatic tumors are treated with a combination
of chemotherapy as well as adjuvant therapy.

A relentless quest to discover a suitable approach to
combat this dreaded disease is unending and hence, newer
methods are being constantly sought. Bioactive compounds
obtained from the phytochemicals are proving to be a good
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alternative to the chemical compounds used in the therapy
as these chemical compounds have a long history of side
effects. The phytochemicals can prove beneficial in terms
of affordability and minimizing the side effects as these
are naturally occurring compounds.

Phytochemicals are naturally occurring biologically
active compounds produced by the plants and are used
mainly for their defence against biotic and abiotic stresses
and are also responsible for the presence of color, fragrance
and taste of the plants. The phytochemicals are produced
by various plant parts such as root, stem, leaves, fruits or
seeds. The phytochemicals present in the leaves of the
plant are responsible for imparting pigment to the leaves
such as anthocyanin, similarly, the phytochemical produced
by the fruits such as lycopene impart pigment. The
phytochemicals when present on the outer layer of the
plant mainly impart pigment to the plant parts.® The
phytochemicals are classified mostly as phenolics, alkaloids,
saponins, terpenoids, flavonoids, glycosides and tannins.

Annona squamosa and Annona reticulata are plants
of the Annonaceae family and are native to West Indies but
cultivated throughout India.” Both species tend to grow
well in the tropical and sub-tropical climates with the former
more adaptable to tropical climates. Annona squamosa
mainly grows as shrubs with lateral branching and grows
up to the height of about 3 meters while Annona reticulata
grows like a tree with a height of about 6.0-7.5 meters. *°
The leaves of both Annona squamosa and Annona reticulata
are simple, alternate with acute tips with the latter having
slightly larger and glabrous leaves. The fruits of 4.
squamosa are green in color and range from round to heart-
shaped structures. The fruit has a sweet and edible pulp
with a high glycemic index. The fruits of A. reticulata
appear yellow and are nearly heart-shaped and turn
yellowish-red on ripening and generally have a somewhat
repulsive taste and are most popular in the preparation of
desserts.

The Annona spp. has been studied widely across the
globe and they have been reported to have various medicinal
properties and have been used in traditional medicine as
well. The Annona spp. has a long history of ethnobotanical
uses and have been shown to possess insecticidal, anti-
microbial, anti-diabetic, antioxidant, anti-helminthic, anti-
ulcerative, cardioprotective as well as anti-carcinogenic
properties among various other medicinal properties studied
so far.%!® The medicinal properties of Annona squamosa

have been spread across the whole plant such as root,
stem, leaves and seeds as well. The crushed leaves of the
plant are sniffed to beat hysteria and fainting spells, also
the leaf decoction is used to treat dysentery and the leaves
are also used as a paste to treat wounds and ulcers as
known from the traditional practices.!! Annona reticulata
also possess many medicinal properties such as the dried
or unripe fruits are used to prepare decoctions which are
beneficial in the treatment of dysentery and diarrhoea also;
the leaves are implied in the treatment of ulcers. The
decoction of leaves is also useful in the treatment of malaria
and syphilis. The root bark is implied in toothache and
epilepsy as known from the traditional knowledge and
practices.!'?

The secondary metabolites are mostly synthesized
as byproducts of primary metabolism and constitute less
than 1% of the dry weight of the plant.”* The secondary
metabolites produced by the plants generally belong to three
categories; namely alkaloids, terpenoids and flavonoids. The
production of secondary metabolites by plants was first
recognized as non-essential but they have served a greater
purpose to the plant as the production of volatile floral
scents and pigments have evolved to attract insect
pollinators hence aiding in fertilization. Also, the synthesis
of toxic chemicals and pigments has helped the plants to
overcome pathogens and herbivores.!>'* Secondary
metabolites also help the plants to adapt to adverse
environmental conditions and overcome abiotic stresses. '
The secondary metabolites obtained from plants are
beneficial to the plants and are also of importance
commercially. Secondary metabolites have been widely
exploited commercially as food flavours, food additives as
well as pharmaceuticals. Many of the secondary metabolites
have been used as drugs such as atropine from Atropa
belladonna, vinblastine and vincristine from Pappeaveur
somniferum and various taxol drugs are used by the
pharmaceutical industry in the production of cardiac
steroids such as diosgenin from Digitalis lanata for ages.
So, the present study aims to discover the phytochemical
constituents including secondary metabolites present in the
Annona species which could be further implied in the
production of anti-cancer compounds in the most natural
and affordable ways.

An understanding of the pigments present in the plants
can be valuable for predicting their possible role in the plant
system and knowing their mechanism of action. Thin-layer
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chromatography (TLC) is one of the inexpensive and
valuable tools to separate the pigments in plants.'® It also
has other wider applications in the separation of amino
acids'® and bacterial metabolites!’. TLC is performed in
glass plates or alumina sheets coated with silica gel. TLC
plate is dipped in a solvent system which depends on the
study of interest. Usually, a mixture of organic solvents is
in use for the separation of a wide number of metabolites.
The most commonly used mixtures comprise butanol,
acetone, petroleum ether, chloroform and methanol in
different proportions according to the study.

Both the plants produce various secondary metabolites
in addition to being a popular sweet edible tropical fruit.
The medicinal properties of the plant are because of the
presence of these secondary metabolites hence a
comprehensive exploration of these is beneficial to assess
the status and amount of these metabolites in the plant to
be used in various applications. In addition to various
medicinal properties possessed by these plants, they are
also known to possess anti-tumorigenicity in some plant
parts. Thus, the study of these properties will open new
avenues for diagnostics in the field of medicine apart from
their use in traditional medicine.

The present study focuses on the differences in the
status of phytochemical constituents of leaves of
A.squamosa and A. reticulata and their capacities in
demonstrating anti-tumorigenesis.

MATERIALS & METHODS

Materials

The solvents for extraction viz, methanol and ethanol
were purchased from Merck (USA). 2, 2, Diphenyl picryl
hydrazine (DPPH) was purchased from Sigma Aldrich
(USA). Rutin trihydrate was purchased from Hellwa
Analytica, Gallic acid was purchased from Fluka, Ascorbic
acid and Tannic acid was purchased from Himedia(Mumbai,
India) and all other chemical and reagents were of analytical
grade. The cell culture media RPMI 1640, DMEM was
purchased from Himedia Laboratories. The cell lines were
obtained from NCCS, Pune.HCT 15 and COLO205 cell
lines were grown in RPMI 1640 and HT-29 and HaCaT
cell lines were maintained in Dulbecco's Modified Eagle
Media(DMEM). The media was supplemented with 100U/
| of penicillin-streptomycin solution (Thermo Fischer).
Preparation of extracts

The fully matured leaves of Annona squamosa and
Annona reticulata were collected from the Ranchi

University campus. The leaves were washed thoroughly
with tap water followed by distilled water and dried in shade
for few days. The dried leaves were then ground in a
blender and aqueous, methanolic and ethanolic extracts
were prepared. For methanolic and ethanolic extracts, 10gm
of powdered leaves were dissolved in 100ml of methanol
and ethanol respectively and kept in a shaker for 48hours.
The extracts were then filtered using Whatman filter paper
No.1 and further evaporated using a rotary vacuum
evaporator and stored in screw-capped bottles in the
refrigerator. The aqueous extracts were prepared using
10gm of dried leaf powder dissolved in 100ml distilled water
and kept in the water bath at 70-80°C for 2 hours and
filtered using a muslin cloth. This process was repeated at
an interval of 2 hours and the extract finally obtained was
autoclaved and kept in the refrigerator for further use.!®
Phytochemical evaluation of Annona squamosa and
Annona reticulata leaf extracts
The aqueous, methanolic and ethanolic extracts were
tested for the presence of polyphenols, tannins, flavonoids,
saponins, phytosterols and fixed oils and fats following
the standard methods.'*!
Test for saponins
The aqueous extract was used to test for the presence
of saponins. To perform this test, the aqueous extract was
dissolved with distilled water and shaken in a graduated
tube for 15 minutes. The formation of a 1cm layer of foam
indicated the presence of saponins.?!’ Both of the leaf
extracts confirmed the presence of saponins.
Test for phytosterols
The test for the presence of phytosterols was
performed using the method described by Salkowski's
test.”>? To perform this test, a small quantity of ethanolic
extract was dissolved in 5ml chloroform and to it, a few
drops of concentrated sulphuric acid was added. The
solution was then allowed to stand for some time. The
formation of a brown ring indicated the presence of
phytosterols. Both methanolic and ethanolic extracts of
A.squamosa and A.reticulata confirmed their presence.
Test for tannins
Dried powdered leaves were taken for this study.
About 0.5gm of dried powdered leaves were dissolved in
20ml of distilled water and kept in a water bath for few
minutes. The above mixture was then filtered using filter
paper and to this few drops of 0.1% of ferric chloride was
added.** The development of brownish-green or a blue-
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black colouration indicated the presence of tannins. Leaf
powders from both plants confirmed this test.
Test for Flavonoids
The presence of flavonoids was detected by the
alkaline reagent test as well as the lead acetate test and
Ferric chloride test.”> The methanolic and ethanolic extract
was treated with few drops of 1N sodium hydroxide
solution. The formation of intense yellow color which
becomes colorless on the addition of 1N hydrochloric acid
indicated the presence of flavonoids. Both methanolic and
ethanolic extracts confirmed this test. The presence of
flavonoids was also tested with a ferric chloride test. For
this, few drops of ferric chloride were added to the extracts
and the development of intense green color indicated the
presence of flavonoids. Both the extracts of 4. squamosa
confirmed this test. The extracts of A. reticulata did not
show the presence of flavonoids with ferric chloride test
but confirmed the presence of flavonoids with alkaline
reagent test and lead acetate test.
Test for terpenoids
The presence of terpenoids was performed with the
Salkowski's test.?! For this test, 2ml of chloroform was
added to the aqueous and methanolic extract. To the
extracts, 3ml of concentrated sulphuric acid was carefully
added. A reddish-brown coloration of the interface indicated
the presence of terpenoids. The aqueous extract and
methanolic extract were used for this test and while the
aqueous extract gave a positive result to this result, the
methanolic extract did not conform to this result.
Test for cardiac glycosides
The presence of cardiac glycoside was performed
with the Keller-Killani test.?* To perform this test, the
aqueous extract was treated with 2ml of glacial acetic acid
containing one drop of ferric chloride solution. To this
solution, 1ml of concentrated sulphuric acid was added.
The appearance of a brown ring at the interface indicates
the deoxy sugar characteristic of cardenolides. The
appearance of a violet ring below the brown ring and a
greenish ring in the acetic acid layer confirms the presence
of cardiac glycosides. Aqueous extracts of both plants
confirmed this test.
Test for alkaloids
To test the presence of alkaloids in the extracts, the
individual extracts were dissolved in dilute HCI and was
filtered. The filtrate was then subjected to different reagents
to ascertain the presence of alkaloids.?” The Hager's test

was performed for this test. The filtrate was treated with a
saturated solution of picric acid (Hager's reagent) and a
yellow colored precipitate confirmed the presence of
alkaloids.

Test for carbohydrates

The presence of carbohydrates was detected by the
Molisch's test and to perform this, 2 gm of the extract
was dissolved in 5ml of distilled water and was then
filtered.” The filtrate was then treated with 2 drops of
alcoholic a-naphthol solution in a test tube and to it conc.
H,SO, was added from the side of the test tube. The
development of a violet ring at the junction of the two
liquids confirmed the presence of carbohydrates.

Determination of total phenolic content

The determination of total phenolic content in the
extracts was performed by the methods described by
Nazish Siddique ef al. (2017) with slight modifications.?
39 A standard solution of gallic acid was prepared in methanol
and a series of dilutions in the range of 50-450ug/ml was
taken and a standard calibration curve was prepared. 0.5
ml of different extracts were taken and dissolved in
methanol for this study. After incubation of 45 minutes,
the absorbance was recorded at 765nm and the
concentrations of extracts were obtained from the
calibration graph and the results were expressed as mg/
gm GAE.

Determination of total flavonoid content

The determination of total flavonoids was performed
by the aluminium- trichloride method with slight
modifications.?®?!32 A standard solution of rutin was
prepared in methanol for this study. Serial dilutions ranging
from 50-400pg/ml was prepared and a calibration curve
was prepared. After incubation for 30 minutes, the
absorbance was recorded at 415nm. The concentrations
of extracts were obtained from the graph and the results
were expressed as mg/gm RE.

Determination of total tannin content

The determination of total tannins was estimated by
the method described by Tambe er al. with slight
modifications.

Briefly, 2.5 grams of dried powder was taken and
dissolved in 25 ml of distilled water and boiled in a water
bath for 2 hours. The contents were filtered and the process
was repeated in 2 hours. The extract was then centrifuged
and the supernatant was taken for further analysis. 0.1 ml
of the supernatant was taken and to it, 7.5ml of distilled
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water was added and then to it, 2.5ml of Folin-Ciolcateau
reagent was added. The solution was then mixed properly
and to it, Iml of 35% sodium carbonate was added. Again,
Iml of distilled water was added to the mixture and
vortexed. The solution was incubated at room temperature
for 30 mins. The absorbance of the solution was read at
725nm.* A calibration curve of tannic acid was prepared
(0-100pg/ml).
Determination of antioxidant activity

The antioxidant capacity of the extracts was measured
spectrophotometrically by the DPPH method. 100uM
DPPH was prepared in methanol and ascorbic acid was
used as a standard for this method. The methanolic and
ethanolic extracts were 4. squamosa and A. reticulata were
prepared in methanol and the readings were taken at 517nm
at t=0 and after incubation at room temperature for 30
minutes in dark.** The radical scavenging activity was
assessed by the percentage inhibition of extracts at the
time intervals and expressed by the following formula.

% inhibition=A0-A1/A0*100
Thin Layer Chromatography

The presence of bioactive compounds in the extracts
was studied by thin-layer chromatography. The free radical
scavenging activities of the crude extracts were also
determined by the thin layer chromatographic method.*
The solvent system used for the characterization of radical
scavenging activities in the crude extract was a mixture of
petroleum ether: chloroform: methanol (49:50:1) which was
further sprayed with 0.2% DPPH solution in methanol and
was incubated in dark for 30 mins.*® The presence of a
yellow or colorless spot against a purple background
confirmed the radical scavenging activity of the crude
extracts. The solvent system used for flavonoids was
chloroform: methanol (19:1) and was detected in UV rays
at 365nm. The spots were detected in the UV light as orange
bands. The presence of phenolic compounds was detected
using solvent system of chloroform: methanol (9:1) ratio
and which was further sprayed with Folin Ciocalteu reagent.
The terpenoids was detected using a solvent mixture of
butanol: acetic acid: water (4:1:5) and the plates were dried
and sprayed with vanillin-sulfuric acid spray followed by
heating for 10 minutes at 110°C. Presence of pink or violet
spots confirmed the presence of terpenoids.

RESULTS & DISCUSSION

Qualitative Phytochemical test

Tablel- Phytochemical analysis of leaf extracts of
A.squamosa and A. reticulata. The presence of
phytochemicals is presented with ++ in both plant extracts.

SI. | Phytochemical | Methanolic | Ethanolic | Aqueous
no. extract extract extract
Alkaloids -- ++ -
Terpenoids -- - ++
Flavonoids ++ ++ -
Tannins - -- ++

Al Rl ad IS o

Cardiac -- - -
Glycosides
Phytosterols ++ ++ -

Saponins - - +
Carbohydrates
Phenolic ++ - -
compounds
10. | Proteins & -- - -
amino acids

A Bad i B

Quantitative estimation of Phytochemicals
Determination of total phenolic content

Table 2- Phenolic content of extracts expressed as
milligram equivalent of Gallic acid (mg/GAE).
Results are expressed as mg/GAE + S.D. n=3. p >

0.05.
Sl.no. Extract Concentration
(mg/GAE)
1. Methanolic 88+0.06
(A.squamosa)
2. Ethanolic 65.5+0.11
(A.squamosa)
3. Methanolic 35+0.02
(A.reticulata)
4. Ethanolic 15+0.05
(A.reticulata)

A Gallic acid calibration curve

18
1.6
1.4
12

. y=0.003x=0.241
R*= 0,991

b banoe

0.8 ® abs
0.6
0.4
0.2

——Linear (abs.)
o 100 200 300 400 500 600
Contentration [ pg/mi)

Fig.1- Calibration curve for Gallic acid used as a standard
for total phenolic content in extracts.
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Determination of total Flavonoids content
Table 3- Flavonoids content of extracts expressed as
milligram equivalent of Rutin (mg/Rut). Results are
expressed as mg/RTE + S.D. n=3. P > 0.05.

Skno. Extract Concentration
(mg/Rut)
1. Methanolic 34.5+0.02
(A.squamosa)
2. Ethanolic 30.5+0.02
(A.squamosa)
3. Methanolic 0.46+0.006
(A.reticulata)
4. Ethanolic 0.42+0.03
(A.reticulata)
Rutin Calibration curve
2
1.8 y=0.004x+0.091
1.6 ® R*=0.991
o 1.4
g 12
g 1 ® Seriesl
3 0.8
< ne —— Linear {Seriesl)
0.4
0.2
0
0 100 200 200 an0 500

Concentration] pg/mi)
Fig. 2- Calibration curve of Rutin used as a standard for
determination of total flavonoids content in extracts
Determination of total tannin content
The total tannin content in 4. reticulata was found to be
0.011mg/TAE+0.004 and for 4. squamosa it was found out to
be 0.001mg/TAE +0.007.
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Calibration curve of Tannic Acid

2
2.

b B

Absorbance

1
1

-
Eaobh s

o8
(1K
0.4
0.2

o

o 190 20 30 40 50 60 T 80 90 100 110 120

Concentration|ug/mi)

Fig. 3- Calibration curve of Tannic acid used as a standard
for determination of total tannin content in extracts.
Determination of antioxidant activity
Table 4- Determination of antioxidant activity expressed as
a percentage of inhibition of DPPH radical

Sl.no. Extract % Inhibition of DPPH
radical (t=30 mins)
1. Ascorbic acid 96.91%
(Standard)

2. Methanolic 38.51%
(A.squamosa)

3. Ethanolic 70.0%
(A.squamosa)

4. Methanolic 37.71%
(A.reticulata)

5. Ethanolic 89.5%
(A.reticulata)

Assessment of anti-tumorigenesis potential of
extracts

The anti-tumorigenic potential of the extracts is
described by the half-maximal inhibitory concentration
(IC50) values.

Table 5- Determination of half-maximal inhibitory concentrations of extracts/drugs in different cell lines

Sl.no. Extracts/ Drugs HT29 COLO205 HCT15 HaCaT
1. Doxorubicin 19.51+4.38uM 13.1+1.78 uM 27.87+2.79uM 20.74+1.94 uM
2. Aqueous (A4.squamosa) 299.93+£2.03ug/ml | 207.09+6.64ug/ml 173.09+0.92ug/ml 124.74+0.66pg/ml
3. Methanolic (4.squamosa) | 67.34+3.25 png/ml 59.85+2.91ug/ml 76.08+=1.60ug/ml 54.21+£2.41 ug/ml
4. Ethanolic (A4.squamosa) 63.75+1.71 ug/ml 52.43+£2.17ug/ml 37.29+1.22ug/ml 58.18+£2.91 ug/ml
5. Aqueous (A4.reticulata) 140.20+£3.95ug/ml 102.85+6.641g/ml 250.3+4.35ug/ml 285.41+£5.90ug/ml
6. Methanolic (A.reticulata) | 47.15+1.41 ng/ml 67.39+10.50ug/ml 59.57+3.90ug/ml 54.92+0.86 png/ml
7. Ethanolic (A.reticulata) 54.30+£2.15 pg/ml 53.74 £0.46ug/ml 56.72+1.61ug/ml 51.69+£2.35 ng/ml
HT 29 (A.squamosa) HT 29 [A.reticulata)
120 '|
100 -

2 w0 2

= sl 3, [ =

& El- = T ER

a o =t T -

= i [ [ ; b, & L

20
o s s ' o s 1 2 o 100
o 5 15 25 50 100
Concentration{pe/mi} Concentration{pg/mi}

Fig. 4- MTT assay of extracts of A.squamosa (a) and A. reticulata (b) in HT-29 cell line.
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HCT [A.reticulata)
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T oo
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= —— R
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(1]
(1} 5 15 25 50 100
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Fig. 5- MTT assay of extracts of A.squamosa (a) and A. reticulata (b) in HCT-15 cell line.

COLO 205 (A.reticulata)
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100 -
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=
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'm.
o T T T T T 1

5 15 25
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d A. reticulata (b) in COLO-205 cell line.

HCT [A.squamosa)
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100
=50 4
2o |
=
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=+ 20 4
o :
5 15 25 50 100
Concentration | e/ mi}
COLO 205 (A.squamosa)
120 -
100 -
£ a0 -
=
'E =1
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#
20
o
o 5 15 25 50 100
Concentration (pg/mil)
Fig. 6- MTT assay of extracts of A.squamosa (a) an
HaCaT[A.squamosa)
120 -
100 -
|
= 60 -
E'; p— N
= M ety WA £
g 20 2 3
o i
L] 5 i5 25 50 100
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HaCaT[A.reticulato)
120 4
plnh]
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Fig. 7- MTT assay of extracts of A.squamosa (a) and A. reticulata (b) in HaCaT cell line.
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Fig. 8- MTT assay of extracts of Doxorubicin in different colon cancer cell lines.
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Thin Layer Chromatography properties of the extracts were confirmed as white or
TLC was performed for the detection of the presence yellow spots after spraying with DPPH solution which
of phenolics, terpenoids, flavonoids. Flavonoids were corresponded to its bleaching effect as a mark of the
detected as orange bands in near UV range but terpenoids scavenging activity of the extracts
and phenolics were not detected. Also, radical scavenging

(a) (b) (©)
Fig .9- TLC for detection of flavanoids in organic extracts of A. reticulata at (a) 400 nm, (b) 365nm and (c) 254nm.
Rutin was taken as a standard for flavonoids.

(b) (c)

Fig .10- TLC for detection of flavanoids in organic extracts of A. squamosa at (a) 400 nm, (b) 365nm and (c) 254nm.
Rutin was taken as a standard for flavonoids.

(a) (b) ©

Fig. 11-TLC for radical scavenging activity in organic extracts of A. squamosa and A. reticulata at (a) 400 nm, (b)
365nm and (c) 254nm. Ascorbic acid was used as a standard antioxidant. (d) shows the radical scavenging properties of
the extracts after spraying with 0.2% DPPH solution.

(d)




Kausar & Sharma- Phytochemical differences of Annona squamosa and Annona reticulata spp. and evaluation of their anti-
cancer properties in colon cancer: a comparative study

Thin Layer Chromatography

(iii) TLC for radical scavenging activity after spraying

Table 6: The retention factor (Rf) values of plant with DPPH
joments Skno. | Pigments Rf value
. pig . 1. Ascorbic acid 0.96
(i) TLC for flavonoids 2. Methanolic extract (4.squamosa) | 0.85
Sl Extracts Pigments Color Rf 3. Ethanolic extract (4. squamosa) 0.71
no. (no.) value 4. Methanolic extract (4.reticulata) | 0.62
1 Grey- 0.40 5. Ethanolic extract (4. reticulata) 0.71
1. Methanolic greenish
extract 2 Yellow | 0.72 DISCUSSION
(4.squamosa) 3 Yellow | 0.83
2 Groen 094 This study is aimed to identify the phytochemicals
1 Grey — 0.43 present in the leaves extracts of two Annona spp. viz.,
2. Ethanolic greenish Annona squamosa and Annona reticulata. Both of these
extract 2 Yellow 0.82 lants beine tropical | phvtochemicals which
(4. squamosa) 3 Yellow T 0.8 plants being tropical possess several phytochemicals whic
4 Groen 0.96 have been used in ethnobotany in varied applications as
1 Grey- 0.46 cited by literature. The phytochemicals are identified
3. Methanolic greenish qualitatively and its subsequent quantitative estimation using
extract 2 Yellow 0.53 . .
(A.reticulata) 3 Yellow | 0.86 standards has been done. The aqueous and organic extracts;
4 Green 0.96 namely methanolic and ethanolic extracts were prepared
1 Grey — | 0.48 as per standard protocols and all these extracts were
4. Ethanolic greenish subjected to qualitative phytochemical detection. The
extract 2 Yellow 0.56 . . . . . .
(A.reticulata) 3 Yellow | 0.96 phytochemicals identified in both ethanolic and methanolic
4 Green 0.98 extracts include saponins, phytosterols, phenolics and
.. . . . flavonoids. The presence of alkaloids was detected in
(i) TLC for radical scavenging activity . P .
methanolic extracts of both plants but ethanolic extracts
SL. Extracts Pigments Color Rf . . .. .
no. (no.) value did not give positive results for this test. The aqueous
1 Yellow 0.16 extracts tested positive for tannins and terpenoids. The
, 2 Yellow- f 0.18 presence of cardiac glycosides and fixed oils and fats were
1. Methanolic green . .
extract 3 Grey 024 not detected in any of the organic or aqueous extracts.
(A.squamosa) 4 Green 0.40 The presence of proteins and amino acids and
5 Dark 0.70 carbohydrates was also not observed.
green The quantitative estimation of phenolic compounds
1 Yellow 0.18 . . .
> Yellow- | 020 was done by taking gallic acid as a standard phenol and
2. Ethanolic green the methanolic and ethanolic extracts of both plants was
extract 3 Grey 0.24 determined. The phenolic content of methanolic extract
(4. squamosa) 4 Green 0.38
. Dk %7 of 4. squamosa was found out to be 88+0.06mg/ GAE
oreen ' (Gallic acid equivalent ) and for A. reticulata it was
1 Yellow 0.24 observed to be 35+ 0.02mg/GAE. The total phenolic
. 2 Yellow | 0.34 content of ethanolic extract of 4. squamosa was
3. Methanolic green .
extract 3 Grey 0.44 65.5+£0.11mg/GAE and for 4. reticulata it was 15+0.05mg/
(d.reticulata) 4 Green 0.52 GAE. The total flavonoid content of the extracts was also
5 Dark 0.80 determined by taking rutin as a reference standard. The
- Yg;flzl‘lw 5338 flavonoid content of methanolic extract of 4. squamosa
Ethanolic 3 Yellow- 1 038 was found out to be 34.5+ 0.02mg/RUT(Rutin equivalent)
4. extract green and for A. reticulata it was 0.46+£0.006mg/RUT. The
(d.reticulata) i GGrey g-zg flavonoid content of the ethanolic extract was
- Darfe“ T 30.5+0.02mg/RUT and 0.42+ 0.03mg/RUT for 4.
oreen ' squamosa and A. reticulata respectively. The total tannin
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content was estimated with dry powdered leaves of A.
squamosa and A. reticulata with tannic acid as a reference
standard and it was found out to be 0.001+0.007mg/TAE
(Tannic acid equivalent) and 0.011+0.004mg/TAE in 4.
squamosa and A.reticulata respectively. The radical
scavenging activity of the organic extracts was assessed
by the DPPH method taking ascorbic acid as a standard
radical scavenger. The percentage of radical activity was
calculated and it was found out to be 96.91% for ascorbic
acid. The methanolic and ethanolic extracts of both plant
leaf extracts also scored well. The total radical scavenging
activity after 30 mins incubation in dark was 38.51% and
37.71% for the methanolic extract of 4. squamosa and A.
reticulata respectively. The ethanolic extracts of both plants
showed relatively higher radical scavenging activity after
incubation in dark for 30 mins and it was 70.0% and 89.5%
was A. squamosa and A. reticulata respectively.

After evaluation of phytochemical status and radical
scavenging activity, the extracts were assessed for their
potential in minimising tumorigenicity in cell lines. For this
study, four human colon cancer cell lines and one normal
human keratinocyte cell line were subjected to MTT assay
and a standard FDA approved drug was employed as a
reference compound. The organic and aqueous extracts
potential for tumorigenicity was determined and their
corresponding half-maximal inhibitory concentration
(IC50) values were calculated. The IC50 values correspond
to the concentration of drugs that can cause 50% inhibition
of tumorigenicity in cell lines. According to this study, the
aqueous leaf extracts of both plants showed somewhat
higher IC50 values in all the cell lines. The IC 50 value of
aqueous extracts of 4. squamosa was reported to be
299.93+£2.03ug/ml, 207.09+6.64pg/ml, 173.09+0.92ug/
ml in HT29, COLO205 and HCT15 cell line respectively
and 124.74+0.66pg/ml in HaCaT cell line. The IC 50 values
for methanolic extract in 4. squamosa was observed to be
67.34+3.25 pg/ml in HT29, 59.85+2.91ug/ml in
COLO205, 76.08+1.60pg/ml HCT15 and 54.21+2.41 pg/
ml in HaCaT cell lines. Similarly, the IC50 values for
ethanolic extract were calculated to be 63.75+1.71 pg/ml,
52.43+£2.17pg/ml, 37.29+1.22pg/ml and 58.18+2.91 g/
ml in HT29, COLO205, HCT15 and HaCaT cell line
respectively. The leaf extracts of 4. reticulata were also
prepared and was tested for their tumorigenic potential in
colon cancer lines and normal human keratinocyte cell
lines. The aqueous extracts had IC50 values as
140.20+3.95ug/ml, 102.85+6.64ug/ml, 250.3+4.35ug/ml
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and 285.41+5.90pg/ml in HT29, COLO205, HCT15 and
HaCaT cell lines respectively. The methanolic extracts of
leaf extracts of A.reticulata showed 1C 50 values as
47.15+£1.41 pg/ml, 67.39+£10.50pg/ml1,59.57+3.90pug/ml
and 54.92+0.86 pg/ml in HT29, COL0O205, HCT15 and
HaCaT cell lines respectively. Similarly, IC50 values for
leaf ethanolic extracts of A.reticulata was calculated as
54.30£2.15 ug/ml, 53.74 £0.46pg/ml, 56.72+1.61pg/ml
and 51.69+2.35 pg/ml in HT29, COL0O205, HCT15 and
HacCaT cell lines respectively. The half-maximal inhibitory
concentration was also calculated in Doxorubicin which
was taken as a reference drug during this study and the
IC50 values were calculated to be 19.51+4.38uM,
13.1£1.78 puM, 27.87+2.79uM and 20.74+1.94 uM in
HT29, COLO205, HCT15 and HaCaT cell lines
respectively.

Thin-layer chromatography was performed for
organic leaf extracts of A. squamosa and A. reticulata for
the presence of flavonoids, terpenoids, phenolic
compounds and also for radical scavenging activity of the
extracts. The radical scavenging activity of the extracts
gave positive results on staining with DPPH as yellow or
white spots and their corresponding Rf values were
recorded. The chromatogram for Flavonoids also gave
positive results when they were exposed to UV light at
254nm. The spots were also observed in visible light and
short-range UV light at 365nm. A total of four numbers of
spots were observed at 365nm and four orange bands
were observed at 254nm which confirmed the presence
of Flavonoids in the extracts and their corresponding Rf
value were noted. Ascorbic acid was taken as standard
for radical scavenging activity of the extracts and it was
run parallel to the organic extracts and their relative Rf
values were calculated and presented in the table. A total
of five bands of different colors were observed in this
study which was found to be white or yellow color bands
against a purple background which confirmed the radical
scavenging activity of the extracts along with ascorbic
acid which showed only one band or spot in the
chromatogram. The presence of terpenoids and phenolics
were also checked but they did not show any spot in the
chromatogram after spraying with Vanillin- sulphuric acid
and Folin-Ciocalteu reagents respectively.

CONCLUSION

Plants are known to possess various phytochemicals
and this study aims to point out the differences in the
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content of phytochemicals between two Annona species;
viz; A. squamosa and A. reticulata. Also, the type and
quantity of phytochemicals differ in both aqueous and
organic extracts and thus an attempt was made to uncover
the phytochemicals present in the leaf extracts of both
plant species. As per our findings, we found out that the
ethanolic extracts possess higher amounts of some
phytochemicals such as flavonoids than the methanolic
extracts but the phenolic content was higher in the
methanolic extracts of both extracts. Also, the leaf extracts
of A. reticulata showed comparatively lower amounts of
phenolics as compared to the leaf extracts of 4. squamosa.
The tannin content was checked for the aqueous extracts
as the organic extracts did not show their presence which
was relatively quite low for both plants. One interesting
finding was in the case of radical scavenging activity where
the ethanolic extracts of both plants showed higher radical
scavenging activity as compared to the methanolic extracts
and were quite similar to the standard ascorbic acid used.
The TLC was also somewhat similar for both the plant
extracts for flavonoids and radical scavenging activity. The
anti-tumorigenic potential of the extracts also showed some
interesting values and they were comparatively lower for
ethanolic extracts as compared to the methanolic extracts
with minor exceptions and thus can be used as effective
drugs for further characterization of the anti-cancerous
activity of the extracts. Thus, we conclude that several
phytochemicals are present in 4. squamosa and A.reticulata
leaf extracts which can be exploited for use in therapeutics
and also in the field of cancer biology although this needs
further research.

REFERENCES

1. Armaghany T., Wilson J. D., Chu Q., Mills G. 2012.
Genetic alterations in colorectal cancer. Gastro
intestinal Cancer Research. 5(1): 19.

2. Van Cutsem E., Cervantes A., Nordlinger B. and
Arnold D., 2014. Metastatic colorectal cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Annals of Oncology. 25:31-39.

3. Tariq K. and K. Ghias. 2016. Colorectal cancer
carcinogenesis: a review of mechanisms. Cancer
Biology & Medicine. 13(1): 120.

4. Siegel R. L., Miller K. D., Fedewa S. A., Ahnen D. J.,
Meester R. G., Barzi A. & Jemal A. 2017. Colorectal
cancer statistics. CA: A4 Cancer Journal for
Clinicians. 67(3):177-193.

257

5.

10.

11.

12.

13.

14.

15.

16.

Center M. M., Jemal A., Smith R. A. and Ward E.
2009. Worldwide variations in colorectal cancer. CA:
a cancer journal for clinicians. 59(6): 366-378.

Saxena M., Saxena J., Nema R., Singh D. and Gupta
A. 2013. Phytochemistry of medicinal plants.
Journal of Pharmacognosy and Phytochemistry 1(6).

Shirwaikar A., Rajendran K. and Kumar C. 2004.
Oral antidiabetic activity of Annona squamosa leaf
alcohol extract in NIDDM rats. Pharmaceutical
Biology. 42(1): 30-35.

Jamkhande P. G. and A. S. Wattamwar. 2015.
Annona reticulata Linn. (Bullock’s heart): Plant
profile, phytochemistry and pharmacological
properties. J. of Trad. & Comp. Med. 5(3): 144-152.

Ma C., Chen Y., Chen J., Li X. and Chen Y. 2017. A
review on Annona squamosa L.: phytochemicals and
biological activities. The American Journal of
Chinese Medicine. 45(05): 933-964

Ngbolua K. N., Inkoto C. L., Bongo G. N., Moke E. L.,
Lufuluabo G. L., Masengo C. A., Tshibangu D. S. T,
Tshilanda D. D. and Mpiana P. T. 2018.
Phytochemistry and Bioactivity of Annona reticulata
L. (Annonaceae): A Mini-review. South Asian
Research Journal of Natural Products. 1-11.
Gajalakshmi S., Divya R., Deepika,V. D., Mythili S.
and Sathiavelu A., 2011. Pharmacological activities
of Annona squamosa: A review. Inter. J. of Pharm.
Sci. Review and Res. 10(2): 24-29.

Chavan S. S., Shamkuwar P. B., Damale M. G. and
Pawar D. P. 2014. A comprehensive review on A.
reticulata. Inter. J. of Phar. S. & Res. 5(1): 45.

AKkula R. and G. A. Ravishankar. 2011. Influence of
abiotic stress signals on secondary metabolites in
plants. Plant Sign. & Behavior. 6(11): 1720-1731.

Pichersky E. and D. R. Gang. 2000. Genetics and
biochemistry of secondary metabolites in plants: an
evolutionary perspective. Trends in Plant Science.
5(10): 439-445.

Sun X., Yang X. and Wang E. 2005. Chromatographic
and electrophoretic procedures for analyzing plant
pigments of pharmacologically interests. Analytica
Chimica Acta. 547(2): 153-157.

Basu S., Dey M. C., Kundu S. & Sinhababu A. 2016.
Recent development of spray reagents for the
detection of amino acids on thin layer
chromatography plates: an overview. Mini-Reviews

in Organic Chemistry. 13(1): 3-30.




17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Biospectra : Vol. 17(2), September, 2022

A Srntornational B

Hu K., Li J. and Webster J. M. 1997. Quantitative
analysis of a bacteria-derived antibiotic in nematode-
infected insects using HPLC-UV and TLC-UV
methods. J. of Chromatography B: Biomedical
Sciences and Applications. 703(1-2): 177-183.

Gowdhami M., Sarkar B. L. and Ayyasamy P. M.
2014. Screening of phytochemicals and antibacterial
activity of Annona squamosa extracts. Inter. Journal
of Pharmaceutical Science Invention. 3(7): 30-39.

Amir M. K., Rizwana A. Q., Faizan U., Syed A. G,,
Asia N., Sumaira S., Muhammad K. L., Muhammad
Y. L., Ishtiaq H. and Waheed M., 2011. Phytochemical
analysis of selected medicinal plants of Margalla Hills
and surroundings. Journal of Medicinal Plants
Research. 5(25): 6017-6023.

Gupta M., Thakur S., Sharma A. and Gupta S. 2013.
Qualitative and quantitative analysis of phyto
chemicals and pharmacological value of some dye
yielding medicinal plants. O.J.Chem. 29(2): 475-481.

Gul R,, Jan S. U., Faridullah S., Sherani S. and
Jahan N. 2017. Preliminary phytochemical screening,
quantitative analysis of alkaloids, and antioxidant
activity of crude plant extracts from Ephedra
intermedia indigenous to Balochistan. The Scientific
World Journal 2017.

Ben I. O., Woode E., Abotsi W. K. M. and Boakye-
Gyasi E. 2013. Preliminary phytochemical screening
and in vitro antioxidant properties of Trichilia
monadelpha (Thonn.) JT De Wilde (Meliaceae). J. of
Medical and Biomedical Sciences. 2(2): 6-15.

Auwal M. S., Saka S., Mairiga 1. A., Sanda K. A.,
Shuaibu A. and Ibrahim A. 2014. Preliminary
phytochemical and elemental analysis of aqueous
and fractionated pod extracts of Acacia nilotica
(Thorn mimosa). Veterinary research forum: an
international quarterly journal, Faculty of
Veterinary Medicine, Urmia University, Urmia, Iran.

Dhandapani R. and B. Sabna. 2008. Phytochemical
constituents of some Indian medicinal plants.
Ancient Science of Life. 27(4): 1.

Hossain M. A., AL-Raqmi K. A. S., AlI-Mijizy Z. H.,
Weli A. M. and Al-Riyami Q. 2013. Study of total
phenol, flavonoids contents and phytochemical
screening of various leaves crude extracts of locally
grown Thymus vulgaris. Asian Pacific Journal of
Tropical Biomedicine. 3(9): 705-710.

Ajiboye B. Ibukun E., Edobor G., Ojo O. and Onikanni
S. 2013. Qualitative and quantitative analysis oi

(R, ofo

*k

A
of

27.

28.

29.

30.

31.

32.

33.

34.

35.

{ of Lite Foionces

phytochemicals in Senecio biafrae leaf. Inter.
Journal of Inventions in Pharmaceutical Sciences.
1(5): 428-432.

Ekwueme F. N., O. F. C. Nwodo, P. E. Joshua, C.
Nkwocha, and P. E. Eluka. 2015. Qualitative and
quantitative phytochemical screening of the
aqueous leaf extract of Senna mimosoides: Its effect
in invivo leukocyte mobilization induced by inflam
matory stimulus. /nt.J.Cur. Mi.. Ap. Sci. 4: 1176-1188.

Miliauskas G., Venskutonis P. R. and Van Beek T.
A. 2004. Screening of radical scavenging activity of
some medicinal and aromatic plant extracts. Food
Chemistry 85(2): 231-237.

Meda A., Lamien C. E., Romito M., Millogo J. and
Nacoulma O. G. 2005. Determination of the total
phenolic, flavonoid and proline contents in Burkina
Fasan honey, as well as their radical scavenging
activity.” Food chemistry. 91(3): 571-577.

Siddiqui N., Rauf A., Latif A. and Mahmood Z.,2017.
Spectrophotometric determination of the total
phenolic content, spectral and fluorescence study
of the herbal Unani drug Gul-e-Zoofa (Nepeta
bracteata Benth). Journal of Taibah University
Medical Sciences. 12(4): 360-363.

Ghasemi K., Ghasemi Y. and Ebrahimzadeh M. A.
2009. Antioxidant activity, phenol and flavonoid
contents of 13 citrus species peels and tissues. Pak
J Pharm Sci. 22(3): 277-281.

Baba S. A. and S. A. Malik 2015. Determination of
total phenolic and flavonoid content, antimicrobial
and antioxidant activity of a root extract of Arisaema
Jjacquemontii Blume. Journal of Taibah University
for Science. 9(4): 449-454.

Senguttuvan J., Paulsamy S. and Karthika K. 2014.
Phytochemical analysis and evaluation of leaf and
root parts of the medicinal herb, Hypochaeris
radicata L. for in vitro antioxidant activities. 4sian
Pacific J. of Tropical Biomedicine. 4: S359-S367.

Madaan R., Bansal G., Kumar S. and Sharma A. 2011.
Estimation of total phenols and flavonoids in extracts
of Actaea spicata roots and antioxidant activity
studies. Indian Journal of Pharmaceutical Sciences.
73(6): 666.

Gogoi J., Nakhuru K. S., Policegoudra R. S.,
Chattopadhyay P., Rai A. K. and Veer V. 2016.
Isolation and characterization of bioactive
components from Mirabilis jalapa L. radix. J. of Trad.
and Compl. Med. 6(1): 41-47.




