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drugs more efficiently. In this paper, we will assess the ability 
of a crude herbal extract of the Amaranthus spinosus (AS) 
plant to exhibit significant antioxidant properties. To create 
this herbal formulation, we combined extracts of different 
parts of the plant which had the highest concentration of 
the desired phytocomponents, based on the preliminary 
phytochemical analysis of the plant. This paper describes the 
preparation of a crude extract which is a true representative 
of the potency of the entire Amaranthus spinosus (AS) plant.
 The Amaranthus spinosus Linn. plant (‘Spiny amaranth’, 
‘Prickly amaranth’, or ‘Spiny pigweed’) (3) is a medicinal plant 
which is found in abundance in India and around the world. 
This plant is commonly found as a weed in rice agriculture (4). 
Historically, this plant has been used extensively in Ayurveda 
(5), the traditional folk medicine of India, to treat diabetes, 
jaundice (6), and various other ailments. Previous studies 
have shown this plant to possess several medicinal properties, 
including anti-inflammatory (7), anti-diabetic (8), anti-diarrheal 
(9), anti-bacterial (10), anti- microbial (11), and anti-malarial 
(12) properties. Hence, the medicinal properties of this plant 
are of keen interest to the scientific community. While previous 
phytochemical studies have been done on individual parts of 
this plant, such as the leaves, the properties of the entire plant 
are relatively unknown to the world of science, and there has 
been little attempt to prepare pharmaceutical drugs from this 
plant. The most common way to prepare a pharmaceutical 
drug is to isolate a specific phytocomponent. However, given 
our goal to create an herbal crude extract, the total content 
of the desired secondary metabolites was determined for 
each part of the plant (leaves, root, stem, inflorescence).
 The normal course of treatment for cancer is to employ 
surgery, chemotherapeutic drugs, or radiotherapy. While the 
usage of radiation or drugs does kill the cancer cells, it also 
induces cell stress, which causes an increase of harmful 
free radicals, such as reactive oxygen species (ROS), which 
react with various cell parts, including the phospholipid 
bilayer, amino acids, and DNA, causing severe oxidative 
damage to all these cell components (13). Furthermore, 
physiological antioxidant enzymes, such as superoxide 
dismutase, are inhibited by the activity of anti-cancer drugs. 
As a result, it becomes a necessity to include an external 
antioxidant dosage to complement the existing therapies 
in order to avert the side effects on healthy somatic cells. 
 Secondary metabolites are organic compounds produced 
primarily by plants as waste products of their metabolism. 

Phytochemical Analysis of Amaranthus spinosus Linn.: 
An in vitro Analysis

SUMMARY
 Mainstream cancer treatments, which include 
radiotherapy and chemotherapeutic drugs, are known 
to induce oxidative damage to healthy somatic cells 
due to the liberation of harmful free radicals. In 
order to avert this, physiological antioxidants must 
be complemented with external antioxidants. We 
performed a preliminary phytochemical screen to 
identify alkaloids, saponins, flavonoids, polyphenols, 
and tannins in all parts of the Amaranthus spinosus 
Linn. plant. Based on the hits we obtained, we 
combined the methanolic extract of the leaves with the 
acetonic extract of the inflorescence, which resulted 
in a highly potent formulation which was abundant 
with the all the desired phytocomponents such as 
saponins, tannins, polyphenols, flavonoids, alkaloids. 
We hypothesised that this crude herbal extract, 
AS20, will exhibit high antioxidant properties. Using 
the 2,2′-diphenyl-1-picrylhydrazyl radical (DPPH) 
assay, we found that the half maximal inhibitory 
concentration (IC50) value of this formulation was 
85.27 μg/mL. This paper describes the preparation 
of this crude extract and assesses its antioxidant 
properties for potential use in complementary cancer 
treatment. 

INTRODUCTION
 Integrative oncology is a rapidly emerging branch 
of the health sciences which aims to complement the 
existing course of cancer treatment with other remedies 
to avert the side effects of mainstream treatment (1). 
Examples of mainstream cancer treatments include surgery, 
chemotherapy, and radiotherapy. Oncologists worldwide are 
recognizing the need to prevent the deleterious side effects 
that such treatments induce upon patients. In an effort to 
prevent oxidative damage of cells by harmful free radicals, 
such as reactive oxygen species (ROS) (2), oncologists 
have embraced the usage of herbal antioxidants alongside 
the course of cancer treatment. Hence, by complementing 
physiological antioxidants with external herbal products, we 
would theoretically be able to prevent oxidative cell damage 
to healthy body cells, while retaining the anticarcinogenic 
properties of the mainstream drug. This would remove the 
need for alternative methods of treatments, as such methods 
integrate into pre-existing therapies. Evidently, the scope 
for research in this field is vast, as researchers search for 
more methods such as this one to administering cancer 
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They exhibit significant pharmacological and biological 
properties and are hence used for medical purposes (14). The 
secondary metabolite groups considered in this study were 
alkaloids, saponins, polyphenols, flavonoids, and tannins. 
The total content of each of these phytochemicals is usually 
determined by carrying out phytochemical tests (based 
on colorimetry) for each of these secondary metabolites. 
Alkaloids are basic compounds with heterocyclic rings. 
Their most common functional group is the amine group 
(NH2). The nitrogen acts as a Brønsted base, its lone pair 
of electrons acting as proton acceptors, and the hydrogen 
atoms act as proton donors (or a Brønsted acid) for hydrogen 
bonding. The acid-base properties of the amine group make 
alkaloids ideal bioactive molecules as they have the ability 
to bind to different proteins, receptors, and drug targets (15). 
Alkaloids have been shown to display significant antioxidant 
properties (16).  Saponins are glycosidic compounds whose 
amphipathic nature gives them the ability to interact with 
various cell membrane components, such as cholesterol 
and phospholipids. Saponins are reported to be effective in 
vitro antioxidants (17). Polyphenols are polymers of phenols, 
which consist of a six membered cyclical ring (phenyl group). 
Polyphenols are known to have considerable antioxidant 
properties, which have been extensively studied over the 
last few decades (18). Their bioactivity comes from their 
ability to form hydrophobic and ionic bonds with proteins 
(19). Flavonoids are a type of phenolic compound which 
also possess antioxidant properties in vitro (20). They are 
abundantly present in tea and other plant-derived beverages. 
Tannins are water soluble phenols which are known to be 
proton donors. Their antioxidant properties include free 
radical scavenging, inhibition of stages of oxidation, and 
chelation of metal cations (21).Thus, we hypothesised that 
the crude extract, containing a greater content of these 
secondary metabolites compared to solvent extractions 
of individual parts of the plant, would display significant 
free radical quenching properties, as determined through 
calculation of the half maximal inhibitory concentration 
(IC50) value for the crude extract formulation obtained using 
the 2,2′-diphenyl-1-picrylhydrazyl radical (DPPH) assay.

RESULTS
 The phytochemical screening of the AS plant extracts 
consisted of a series of chemical tests, based on colorimetry, 
which yielded the total concentration of each of the secondary 
metabolites in each solvent extraction. We measured these 
using Dragendorff’s test for alkaloids, vanillin-sulphuric 
acid for saponins,  aluminium chloride colorimetric assay 
for flavonoids, Folin-Ciocalteu’s (FC) reagent for phenolic 
content, and the FC method for tannins. We prepared extracts 
of the individual parts of the plant using a range of solvents 
and phytochemically analysed them to determine the total 
content of the secondary metabolite groups of interest. We 
then prepared a formulation by combining the extracts with 
the highest concentration of anti-oxidants. A DPPH assay was 

then carried out on this formulation to quantify the amount of 
antioxidants present in the extract.

 From the lambda max readings (Figure 1) and the 
phytochemical screening results (Table 2), it was evident 
that certain solvent extracts of particular parts of the plant 
contained high amounts of all the phytocomponents (Figure 
2). The primary aim of the phytochemical screening was to 
determine the parts of the plant which contained the highest 
content of specific desired phytochemicals. Therefore, AS20 
was prepared according to the following formulation, which 
was representative of the maximum potency of the entire 
plant:

AS20 = Inflorescence Acetonic extract + Leaf Methanolic 
extract

Table 1: The qualitative analysiswere tabulated using +++ ,++,+ for 
presence of phytochemicals and – for absence of phytochemicals 
and quantitative ranges of concentration were tabulated using the 
following notation. +++ for 1001-2000µg/ml, ++ for 501-1000 µg/ml,+ 
for 0-500 µg/ml.

Figure 1: Lambda max (λmax) graphs were obtained from 
the spectrophotometer. The peaks represent the presence of 
phytocomponents. Spectra were measured at a wavelength range 
from 200-1000 nm to validate the presence of phytocomponents, 
prior to the screening of the different plant parts.
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 The methanolic extract of the leaves displayed 
a substantially high presence (+++) of nearly all the 
phytochemical groups, apart from flavonoids and tannins 
(Table 2). Another group of interest was the inflorescence, 
which was the only group which displayed high presence 
(+++) of flavonoids (which are known to possess antioxidant 
properties) (22). As a result, the acetonic extract of the 
inflorescence and the methanolic extract of the leaves of the 
AS plant were combined to produce a drug (AS20) which 
had a high presence (+++) for all the phytochemical groups 
considered (Table 2). Furthermore, AS20 displayed free 
radical scavenging property, as indicated by the DPPH assay 
results (Figure 3). The % inhibition of free radicals increased 
linearly with concentration of the formulation, represented 
by the equation y=0.5281x+4.9671 (R2 ~ 0.98). From the 
equation obtained, the IC50 value (concentration of the drug 
at which 50% of free radical inhibition occurs) was calculated 
as below:

DISCUSSION
 The rationale behind the preparation of AS20 was 
to combine specific solvent extracts from various parts 
of the AS Linn. plant with the greatest concentrations 
of all the phytochemical groups (alkaloids, saponins, 
tannins, flavonoids, and polyphenols). The result was the 
herbal combination AS20, which contained all the studied 
phytochemicals in high concentrations. Prior studies of the 
entire plant have assessed the antioxidant properties of the 
entire plant in hydroalcoholic extracts, wherein the IC50 
value obtained by the DPPH method was 525.593 μg/mL 
(23). Moreover, the IC50 value for the DPPH assay of the 
methanolic extract of the leaves of AS as determined by Kumar 
et al. (24) was 87.527 μg/mL. Having obtained a marginally 

lower IC50 value of 85.27 μg/mL in this study, we have shown 
that AS20 also may have a mildly higher antioxidant capacity 
than both its individual constituents as well as the generic 
extract of the entire plant. The AS20 formulation is thus one 
which is representative of a higher antioxidant potency of the 
AS plant relative to its individual constituents. The antioxidant 
property of the formulation thus has implications for usage as 
a complementary dosage during cancer treatment to assist in 
averting damage to healthy somatic cells due to harmful free 
radicals produced during treatment. 

 Due to the many steps involved, we had potential for 
experimental errors, such as pipetting errors. Specifically, 
we assumed that for steps performed at room temperature, 
it stayed constant over the course of the experiment. We did 
not thermostatically monitor the laboratory temperature. We 
assumed the start time for incubation of all the concentrations 
to be the same for the DPPH assay, whereas we added the 
reagent sequentially into each of the five test tubes.
 A limitation of our study is that we assessed the free 
radical scavenging ability of the formulation but not that of 
the extracts of the different parts of the plant, for which we 
relied on literature. Furthermore, we conducted the qualitative 
and quantitative phytochemical studies once for each extract. 
Future studies could 1) compare the antioxidant properties 
of the formulation with those of its individual components 
to confirm that it has a higher overall antioxidant potential 
than each of its components, 2) increase the number of 
trials and calculate the average phytochemical content of 
each extract to improve the reliability of the results, and 3) 
explore employing other antioxidant assays, such as the Total 
Antioxidant Capacity  (TAC) Assay.
 Future explorations could include expanding the scope of 
investigation to include examining this formulation for its other 
pharmacological activities, such as anticancer, antimicrobial, 
and antifungal activities. This will permit the assessment 
of other properties which may be beneficial in treatment of 
various ailments, such as cancer. In addition, other species 
of the Amaranth genus could be assessed. The efficacy of 
crude extracts from other species can be compared to the 
AS20 formulation. Furthermore, inter-species combinations 

Figure 2: Bar graphs displaying total content of each phytochemical 
for all extractions (water, methanol, ethanol, acetone, and chloroform) 
of A. spinosus leaf, stem, inflorescence, and root. The concentration 
readings were measured in µg/mL.  The quantitative phytochemical 
studies were based on the data in Table 2.

Figure 3: Line graph for DPPH assay results. The graph depicts the 
% inhibition of free radicals with increase in concentration of AS20 in 
μg/mL. This graph is representative of the antioxidant property of the 
formulation in terms of free-radical scavenging capacity. The IC50 
value was determined using the graph.
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may also be explored for enhanced biological activities. 

MATERIALS AND METHODS
Extract preparation
 A. spinosus plants were obtained from a local nursery in 
Bengaluru. The leaves, stem, and inflorescence of the plant, 
as shown in Figure 4, were separated using scissors and 
cleaned by hand to remove insects. Subsequently, they were 
spread out over a large cloth and air-dried for a period of five 
days, to ensure complete removal of moisture content. After 
drying, the samples were ground separately in a grinding 
mixer and sieved into separate centrifuge tubes. The solvents 
used for extraction (water, methanol, ethanol, chloroform, and 
acetone) were selected to have a range of polarities.
 The process of ground-drying using a grinding mixer 
was not feasible for the AS roots due to their fibrous nature. 
Hence, the process of maceration was employed wherein 
1 g of roots were soaked in 20 mL of each solvent at room 
temperature for 24 hours. For each plant part, 1 g of ground 
powder was measured using a weighing balance and was 
dissolved in 10 mL of each of the five solvents [1 g/10 mL]. 
The contents were then decanted out of the conical flasks into 
centrifuge tubes. The tubes were centrifuged for 15 minutes 
at 3000 rpm to remove undissolved debris. Subsequently, 
the supernatants were collected into clean test tubes labelled 
according to plant part and solvent. A 1:2 dilution of crude 
sample volume to solvent volume ratio was then carried out 
in these tubes using the respective solvents. The centrifuge 
tubes containing leaf, stem, inflorescence, and root extract 
were then stored at 5°C.

Phytochemical Screening
 Lambda max (λmax) is the wavelength at which 
a compound displays its highest absorption in the 
spectrophotometer. The lambda max value represents a 
peak, which indicates the presence of phytocomponents 
(Figure 1). Phytochemical screening involved the analysis 
of the total content (concentration) of alkaloids, saponins, 
flavonoids, polyphenols, and tannins.

Preliminary Qualitative Analysis:
 Qualitative analyses were carried out according to the 
methods used by Kokate (25) and Rahman Gul et al. (26) 
(Table 2). In the Dragendorff’s test for alkaloids, 0.2 mL of 
diluted extract was added to 0.5 mL of each extract and 1 
mL of Dragendorff’s reagent was then added to this solution. 
An orange-brown precipitate was formed if alkaloids were 
present. In the olive oil test for saponins, 0.5 mL of each 
extract was added to 0.2 mL of olive oil, shaken vigorously, 
and left standing for 5 minutes. A soluble emulsion was 
formed if saponins were present. In the alkaline reagent test 
for flavonoids, five drops of 5% NaOH were added to 0.5 mL 
of extract, which yielded a yellow colour, then a few drops of 
2 molar HCl were added to the solution. The solution became 
colourless if flavonoids were present. For polyphenols, the 
Folin-Ciocalteu’s (FC) reagent test was carried out. Four 
drops of FC reagent and Na2Co3 were added to 0.5 mL of 
the sample, which was incubated at room temperature in the 
dark for 20 minutes. A blue colour was formed if polyphenols 
were present. For tannins, a ferric chloride test was carried 
out. A few drops of 5% FeCl3were added to 0.5 mL of extract 
and a blue-green colour formed if tannins were present.

Quantitative Analysis:
Quantitative analysis was performed as follows (Table 2):

Total Alkaloid Content
 To determine the total alkaloid content, the procedure 
used was adapted from that followed by Ellul (27). The 
chemicals used were 50 mg/L bismuth nitrate, 1 M thiourea, 
1 M diluted hydrochloric acid, and 5% disodium sulphide. The 
standard curve was obtained with bismuth nitrate pentahydrate 
stock solution. Serial dilutions of standard stock was made 
by pipetting out 0, 0.2, 0.4, 0.6, 0.8 and 1 mL respectively. 
Standard stock of 50 mg/L Bismath nitrate pentahydrate 
was taken in the test tubes with 0.2 mL of test samples. Five 
millilitres of thiourea solution was added, and water was used 
to make up the volume to 10 mL. Absorbance was read at 
435 nm. For the herbal sample, the samples were maintained 
at pH 2-2.5 with 1 M hydrochloric acid. Subsequently, 2 mL 
of Dragendorff’s solution was added, and the solution was 
centrifuged for 10 minutes at 1500 rpm for precipitation. After 
centrifugation, 2 mL of disodium sulphide solution was added, 
and a brown-black precipitate was formed. Two millilitres of 
concentrated nitric acid was then added, and the volume was 
made up to 10 mL with water. One millilitre of solution was 

Figure 4: Sketch of Amaranthus spinosus plant parts. The four main 
parts of the plant are labelled as inflorescence, leaves, root, and 
stem. These parts were separated by hand prior to extraction. 

Table 2: Phytochemical tests and standards. The qualitative and 
quantitative tests for alkaloids, saponins, flavonoids, polyphenols, 
and tannins were tabulated, along with the respective standard 
solutions used for quantitative analysis.
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discarded, and 5 mL of thiourea was added. The absorbance 
was read, and the concentration was determined on the basis 
of the standard curve.

Total Saponin Content
 To determine the total saponin content, the vanillin-
sulphuric acid method (28) was used. The chemicals used 
were 8% (w/v) vanillin, 72% (v/v) sulphuric acid, and 0.5 mg/
mL diosgenin. A quantity of 0.25 mL of sample was added to 
0.25 mL of 8% vanillin in ethanol and 2.5 mL of 72% sulphuric 
acid. The solutions were incubated for 15 minutes at 60°C. 
The absorbance of the standards were measured at 765 
nm. A standard curve was plotted against diosgenin, and the 
concentration was hence determined by extrapolation.

Total Flavonoid Content
 To determine the total flavonoid content (29), the 
aluminium chloride colorimetric assay was carried out, 
and the chemicals used were 10% aluminium chloride, 5% 
sodium nitrite, 10 mg of Quercetin and 1 M sodium hydroxide. 
One millilitre of test sample and 1 mL of standard Quercetin 
solution were aliquoted into test tubes, and 4 mL of distilled 
water and 0.3 mL of 5% sodium nitrite solution were added 
into each tube. After 5 minutes, 0.3 mL of 10% aluminium 
chloride was added. At the sixth minute, 2 mL of 1 M sodium 
hydroxide was added, and the volume was made up to 10 
mL with distilled water and mixed well. An orange colour 
appeared, and the absorbance at 630 nm was measured for 
each sample. The concentration was determined by using the 
standard curve against Quercetin.

Total Phenolic Content
 To determine the total phenolic content (30), the 
chemicals used were  Folin-Ciocalteu’s (FC) reagent, 8% 
saturated sodium carbonate solution, and 25 mg/50 mL gallic 
acid. The total phenolics of the extract were determined 
using FC reagent. Standard readings were made using a 
spectrophotometer at 765 nm against a black reagent. A 
quantity of 0.2 mL of the test sample was mixed with 0.6 
mL of water and 0.2 mL of FC reagent. After 5 minutes, 1 
mL of sodium carbonate was added to the solution and 
the volume was made up to 3 mL with distilled water. The 
solutions were incubated for 30 minutes at room temperature 
and then centrifuged. The absorbance of each sample was 
measured. The phenol concentration was calculated as gallic 
acid equivalent on the basis of a standard curve.

Total Tannin Content
 For determination of the total tannin content (31), 
the chemicals used were FC reagent, saturated sodium 
carbonate solution (8% w/v), and 6.25 mg/50 mL tannic acid. 
The total tannin content of the extract was determined using 
FC method. Subsequently, 0.2 mL of the test sample was 
mixed with 7.5 mL of distilled water and 0.5 mL of FC reagent. 
A quantity of 1 mL of 35% sodium carbonate was then added, 

and the volume was made up to 10 mL with distilled water. 
The mixture was shaken and incubated at room temperature 
for 30 minutes. A set of reference standard solutions of tannic 
acid were prepared using the same method (20, 40, 60, 80, 
and 100 μg/mL). Absorbance was measured at 700 nm. The 
sample concentrations were calculated using the tannic acid 
standard curve.

Preparation of AS20
 The AS20 formulation was prepared according to the 
data obtained from the qualitative and quantitative analyses 
of different solvent extracts of each of the parts of the plant. 
A combination of different extracts with high overall content 
of the phytocomponents was formulated. A significant 
challenge in creating such a combination is mixing solvents 
of varying polarities. Solvent extracts created by dissolving 1 
g of powder in 10 mL of solvent were added in petri dishes. 
The mass of empty petri dish was recorded before adding the 
solvent. The petri dishes were air dried. After drying, the petri 
dish was weighed once again to determine the dry weight. 
Subsequently, 0.01 g/mL of dimethyl sulfoxide (DMSO) 
was added. After dissolution in DMSO, the desired extracts 
were mixed to form a polyherbal solution, AS20. DMSO was 
chosen due to its ability to act as a solvent for polar and non-
polar compounds and its relative miscibility in a wide range of 
solutions. 

DPPH Assay for AS20
 The DPPH (2,2-diphenyl-1-picrylhydrazyl) assay (32) is a 
colorimetric assay which is used to determine the free radical 
scavenging activity of a substance. The principle behind the 
DPPH assay is the reduction of DPPH (a free radical) which 
results in a purple solution being formed in the presence of 
an antioxidant (33). In our study, we assessed this property in 
the AS20 formulation. 1.0, 50, 100, 150 and 200 μL volumes 
of the AS20 formulation were added into five glass test tubes. 
Appropriate volumes of methanol were added to these to 
make the volume up to 1 mL. Subsequently, 3 mL of DPPH 
solution was added quickly into the five test tubes, which were 
immediately incubated in the dark at room temperature for 15 
minutes. The absorbance values were measured using the 
spectrophotometer at a wavelength of 517 nm, and a graph 
was plotted against the standard. The percentage inhibition 
(inhibition of reactive oxygen species, such as the superoxide 
radical) was calculated according to the formula: 

 A graph of concentration (μg/mL) on the x-axis against 
% inhibition along the y-axis was plotted for the AS20 DPPH 
assay. The IC50 value was found after fitting the data to a 
linear equation (y=mx+c). The point at which 50% inhibition 
of the reactive oxygen species had occurred was hence 
determined (see results):
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