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Abstract

Capsella bursa-pastoris has been analyzed for nutritional composition, antioxidant and cytotoxic
potential to reveal its nutraceutical and medicinal importance. Methanol and chloroform
extracts were used for preliminary phytochemical analysis following quantification of total
phenolic, flavonoid, tannins, saponins, and alkaloids. Antioxidant activity was determined by
using DPPH, phosphomolybdate, and reducing power assays. Proximate and elemental analysis
was performed by using standard methods. Brine shrimp larvae assay was used to determine
the cytotoxicity of chloroform and methanol extract. Chloroform and methanol extract of the
plant indicated the presence of 1.56x10* mg g and 1.28x10* mg g' phenolic, respectively.
The plant was found to have high carbohydrate and protein contents. The high-level mineral
composition was determined containing Potassium, Sodium, Iron, Zinc, and Copper. Results
of antioxidant activity by the DPPH method indicated IC, of 235.37 ug ml"' and 552.01 g
ml"! for chloroform and methanol extract, respectively. Brine shrimp larvae assay was used to
determine the cytotoxicity resulting LD, of 246.4469 pg ml" and 169.85 ug ml" of methanol
and chloroform extract, respectively. The study inferred that C. bursa-pastoris could serve as
a good source of protein and energy as well as micronutrients in the form of a leafy vegetable
for human consumption.

Keywords: Antioxidant activity; Capsella bursa-pastoris; phytochemical analysis; potohar
region of Pakistan; wild vegetable.

1. Introduction

Plants are rich sources of phytochemicals and
nutraceuticals that gain more attention due
to their antioxidant and biological activities
(Tsao & Akhtar, 2005). Disease-preventing
food and ingredients called nutraceuticals
have been studied extensively from the last
decade. The key nutraceutical formulations
are known to contain bioactive peptides,
oligosaccharides, phenolic compounds, and
other products (Hashmi et al., 2010).

Wild plants are important sources of
micronutrients and secondary metabolites.
The role of these diverse species in
sustaining human and environmental health
has been highlighted, predominantly about
sustainable development and global food

security (Frison et al., 2006; Johns &
Eyzaguirre, 2006). Many studies have been
reported on wild plants to explore their
extraordinary therapeutic and nutritional
values (Pardo-de-Santayana et al., 2007).
Edible plants rich in secondary metabolites
and having antioxidant activities are
considered important functional foods
(Podsedek et al., 2007).

In recent years, the interest in natural
antioxidants, especially of plant origin,
has greatly increased (Jayaprakasha &
Jaganmohan, 2000). Antioxidants protect
cell damage in human by reducing the
adverse effects of free radicals and reactive
oxygen species. Free radicals are involved
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in the initiation of oxidation, leading
to various diseases like cancer, neural
disorder, cardiovascular diseases, aging, and
atherosclerosis (Racko et al., 2007). Many
synthetic antioxidant agents are available
in the market, but they are toxic to animals
and human beings. Therefore, the interest of
investigators to search for antioxidant agents
has been increased (Vinay et al., 2010).
Capsella bursa-pastoris a member of
family Brassicaceae, commonly known
as shepherd>s purse. It is a wild plant
with several medicinal properties such as
wound-healing anti-bleeding, antithrombin,
antimicrobial, antioxidant, antibacterial,
and anticancer effects (Soleimanpour ef al.,
2013). Ethnomedicinally, C. bursa-pastoris
is used to treat various human ailments
such as stimulant, astringent, anti-diarrheal,
and diuretic (Ajmal et al., 2012). Seeds of
the plant are useful in dropsy, diarrhea, and
wound healing (Jan et al., 2010). Besides
medicinal properties, C. bursa-pastoris also
has nutritional properties and is eaten as raw
or cooked (Grosso et al., 2011). Although
the plant has been used to eat, no report
on the nutritional, mineral, cytotoxic, and
antioxidant profile of C. bursa-pastoris (L.)
indigenous to Pakistan has been presented
so far. Therefore, the current study was
conducted to evaluate the antioxidant,
cytotoxic, and nutritional potential of C.
bursa-pastoris (L.) from Pakistan.

2. Materials and methods
2.1. Preparation of plant extract

The whole plant of C. bursa-pastoris (L.)
was collected from the Potohar region,
Pakistan. Collected plant material was shade
dried, pulverized, and stored in air-tight bags
for further use.

Extraction was carried out by using the
cold maceration technique (Duraipandiyan et
al.,2006). 20 g of powdered plant material was
dipped in 200 ml methanol and chloroform
separately for seven days, after which the
crude extracts were filtered. The residues

were dipped in solvents again for a further
seven days. The filtrates were combined,
and the extra solvent was evaporated using
a rotary evaporator.

2.2. Preliminary phytochemical analysis

Preliminary phytochemical screening of
plant powder was performed using standard
protocol to determine the presence or absence
of various phytochemicals like alkaloids,
terpenoids, phenolics, steroids, saponins,
and tannins, etc. (Batool et al., 2019).

2.3. Determination of alkaloids

Powdered plant material (50 mg) was
taken and mixed with acetic acid (10%),
covered with aluminum foil, and left at
room temperature (26°C) for 4 hours.
After filtration, the filtrate was heated on
a water bath to reduce its original volume
to one-fourth. Few drops of concentrated
ammonium hydroxide were added to the
solution, and precipitates formation was
observed. A filter paper soaked in diluted
ammonium hydroxide was used to filter
the mixture. The dried filter paper having
precipitates were weighed to determine the
quantity of alkaloids.

2.4. Determination of tannins

Powdered plant material (50 mg) was mixed
with 100 ml of distilled water and kept in a
shaker for 1 hour, and filtered. Plant filtrate
(5 ml) was mixed with 2 ml of ferric chloride
(0.1 mM) and potassium ferrocyanide (0.008
M) and incubated for 10 min. Absorbance
was taken at 495 nm to determine the
quantity of tannins.

2.5. Determination of saponins

Plant extract (50 mg) was mixed with 100
ml of 20% ethanol and incubated on a water
bath at 55°C for 4 hours. The heated mixture
was filtered, and the filtrate was mixed again
in 20% ethanol and heated for 4 hours on a
water bath. The filtrate was shifted to a



separating funnel, and 20 ml of diethyl
ether was added to it, followed by vigorous
agitation. After the formation of the aqueous
layer, 60 ml of n-butanol was added to it.
The solution was washed by using 10 ml
of 5% of sodium chloride. The mixture was
dried to get solid residue which was weighed
to determine the quantity of saponins.

2.6. Determination of flavonoids

To analyze flavonoids, 10 ml methanol (80%)
was mixed with 50 mg of plant material and
filtered. The filtrate was left till dryness. Its
weight indicated the quantity of flavonoids.

2.7. Determination of total phenolics

Gallic acid was used as a standard for
which different concentrations were made.
Powdered plant material (5 g) of C. bursa-
pastoris was mixed in ethanol and shaken
for 2 hours on a mechanical shaker. 9ml
distilled water was added in 1 ml folin
ciocalteau reagent. 25 pl of reagent mixture
and 1 ml of Na2CO, (20%) were poured into
the beaker with a plant sample. Absorbance
was recorded after 5-10 min at 765 nm.

2.8. Proximate analysis

Moisture, crude fat, crude protein, fiber,
Carbohydrate, and ash analysis were made
by following the Association of Official
Analytical Chemist (AOAC) techniques.

2.9. Mineral analysis

Different minerals in plant samples were
determined through the wet digestion
method. Eight elements were analyzed,
in which six were micro-nutrients (Zn,
Fe, Mn, Cu, Cr, and Cd) while two were
macro-nutrients (Na, K). Atomic absorption
spectrophotometer was used to analyze the
concentration of Cr, Zn, Fe, Mn, Cu, and Cd
in the samples, and flame photometry was
used to know the concentration of Na and K
(Ahmed et al., 2019).
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2.10. Antioxidant Assays

Sample was dissolved in 95% methanol to
make a concentration of 1 mg ml™' and diluted
to prepare serial dilutions for antioxidant
assays (Chaves et al., 2020)

2.11. DPPH radical scavenging assay

DPPH assay was carried out by mixing 2 ml
of DPPH solution with 100 pl of the plant
samples at concentrations 25-250 ug ml™.
This solution was incubated in the dark for
15-20 minutes. Absorbance of solution was
measured at 517 nm, and scavenging activity
was anticipated using the formula:

Scavenging effect (%) = [AC — AS / AC] %
100

AC: Absorbance (Control)

AS: Absorbance (Sample)

2.12. Phosphomolybdate assay

Different concentrations (25-250 pg ml") of
plant extracts were made, and 0.1 ml of these
extracts were mixed with 1 ml of a reagent
made by mixing 0.6 M Sulphuric acid, 4 mM
ammonium molybdate, and 28 mM sodium
phosphate. The mixture was incubated in
a water bath for 90 minutes at 95°C then
cooled at room temperature. The absorbance
of the mixture was measured at 765 nm.
Ascorbic acid was taken as standard. The
antioxidant capacity was calculated by using
the formula:

Scavenging effect (%) = [AC — AS / AC] %
100

AC: Absorbance (Control)

AS: Absorbance (Sample)

2.13. Reducing power assay

Various concentrations of extracts were
mixed with 2.5 ml of phosphate buffer
and 2.5 ml of potassium ferricyanide; this
mixture was incubated for 20 minutes at
37°C. Trichloro acetic acid (10%) was added
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to the cool mixture followed by the addition
of 2 pl ferric chloride and left for 10 minutes.
Absorbance was measured at 700 nm. The
exact concentration of ascorbic acid was used
as standard.

2.14. Cytotoxicity assay

Brine shrimp lethality assay was used to find
out in vivo cytotoxicity (Waghulde ez al., 2019).
The hatching tank was filled with artificial
seawater, prepared by mixing 38 g L' salt with
distilled water and solution having pH 7.4.
Shrimp eggs were transferred into the tank and
incubated for 48 hours at 25°C under the light.

21 mg of crude extract was dissolved in 350
ul of DMSO (stock). Different concentrations
(50-500 pg ml") of crude extract were prepared,
and when the solvent was evaporated, 15 shrimp
nauplii were added to each test tube. The final
volume of 5 ml was made by using artificial
seawater. The test tubes were incubated at 25-
27°C for 24 hours, and then the survived nauplii
were counted. One test-tube with cytotoxic
drug (potassium dichromate) and the other with
DMSO was used as a positive and negative
control. Death percentage was calculated by
using formula:

Death (%) = (pc- pt/ pc) x 100

Where Pt showed dead shrimps and Pc showed
control. LC, was calculated ata 95% confidence
interval, respectively.

2.15. Statistical analysis

All experiments were performed in triplicates
and were expressed as mean, standard deviation.
Analysis of data was done by applying analysis
of variance (ANOVA) in Statistics 10.1.

3. Results and discussions
3.1. Phytochemical analysis
Phytochemical analysis of extracts was done to
determine the presence or absence of tannins,

saponins, terpenoids, phenolics, flavonoids,
cardiac glycosides, alkaloids, steroids, and

Phelobetinin (Table 1). Results confirmed
the presence of flavonoids, tannins, saponins,
cardiac glycosides, alkaloids, and steroids.
Chloroform and methanol extracts were rich
in phenolic content, indicating the presence
of 1.56x10* mg g' and 1.28%x10* mg g’
pg mg', respectively. The total phenolics
content in the plant extracts was expressed
as mg of gallic acid equivalent (mg GAE g
extract). Alkaloids were found in the range
of 0.58 mg g'. The quantity of flavonoids,
saponins, and tannins in C. bursa-pastoris
were 0.4 mg g', 0.26 mg g, and 0.46 mg
g, respectively.

High concentrations of phenolic contents
indicate the medicinal importance of
plants as they reduce the chances of cancer
obesity, urinary infections, cardiovascular
and periodontal diseases (Huang & Kun,
2011). Alkaloids are analgesic and anti-
inflammatory, which aid in relieving pain
and boost immune response. Plants with a
substantial quantity of alkaloids are known
for treating asthma, skin diseases, and snake
bites (Mazid et al., 2011). Flavonoids have
a strong ability to adjust the response of the
body to viruses, carcinogens, and allergies
(Ullah & Khan, 2008). Epidemiological
studies revealed that intake of flavonoids
and vegetables and fruits could lower
cancer cases in humans. They can cause
inactivation of carcinogens, cell cycle arrest,
scavenging of reactive species, and initiation
of apoptosis (Vasantha et al., 2012).

The presence of saponins in plant
extract is a good indication regarding its
medicinal importance as saponins poses
hypocholesterolemic,  anti-inflammatory,
antimicrobial, antidiabetic, anticancer,
antioxidant, molluscidal, anticonvulsant,
antispasmodic, analgesic, anthelmintic, and
cytotoxic effects (Yuan et al., 2011). Tannins
also possess defensive properties and
antitumor effects. They can accelerate blood
clotting, decrease the lipids in serum, reduce
blood pressure and modulate immunologic
responses (Ali et al., 2011). The presence of
these phytochemicals indicates the medicinal
importance of this plant species.
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Table 1. Qualitative and quantitative phytochemical analysis of C. bursa- pastoris.

Phytochemicals Quantity Present/Absent
Alkaloids 0.58 mg g! Present
Flavonoids 04mgg! Present
Tannins 0.46 mg g! Present
Saponins 0.26 mg g! Present
Phenolics 1.56%10% mg g! GAE Present
Terpenoids - Absent
Anthraquinones - Absent
Coumarins - Absent
Cardiac glycosides — Present
Phelobetinin - Absent
Steroids - Present
Resin --- Present

3.2. Proximate analysis

Vegetables play a significant role in raising the
health status of the common man in developing
countries. They are a cost-effective and rich
source of minerals, vitamins, and fibers. They
are also consumed in little quantity as a side
dish with staple foods (Hala ez al., 2011).
Proximate analysis of the C. bursa-pastoris
indicated the presence of carbohydrate (52.5%),
crude protein (21.8%), crude fiber (4.5%),
and ash (12.2%). The presence of significant
quantities of nutritious compounds indicated
the importance of C. bursa-pastoris (L.) as a
source of nutrition (Figure. 1). These results
indicate that the use of C. bursa-pastoris (L.) as
a vegetable will pose good impacts on health,
contrary to previously studied wild vegetables
like Aegle marmelos, whose crude protein
crude fat, and crude fiber were much less than
this plant (Iyaka, 2007).

3.3. Mineral analysis

Edible vegetables contain an appreciable
amount of inorganic minerals, which are
highly beneficial for human health and disease
prevention (Singh et al., 2012; Fasuyi, 2000).
Elemental analysis of C. bursa showed the
presence of different minerals in different

Percentage (%)

amounts, potassium has highest amount (67.5
ppm) followed by sodium (21 ppm) (Table 2).
While inmicronutrients Fe, Zn, Mn, and Cuwere
present in a concentration of 0.195 ppm, 0.455
ppm, 0.297 ppm, and 1.245 ppm, respectively.
Sodium is important in the regulation of
blood pressure and volume (Rodriguez ef al.,
2006). Iron is an important micronutrient that
is necessary for the transportation of oxygen
in the body. Iron also serves as a cofactor for
several enzyme activities. Zinc is important
in many processes, such as regulating cellular
growths, gene expression, and acting as a
cofactor for enzyme activities (Idris et al.,
2010). Manganese is involved in skeletal
growth and development and, with vitamin
K, function in the formation of prothrombin.
It also acts as an important cofactor for many
enzyme activities (Camera & Amaro, 2003).
Copper plays an important role in the regulation
of the function of red blood cells. However, its
high concentration can lead to many disorders
such as vomiting, blood in the urine, diarrhea,
epigastric pain and discomfort, liver damage,
and hypotension (McDonald, 1995). These
important minerals indicate the nutritional
importance of plants and recommend their use
as an important functional food.

Moisture

Crude Fat

h

Fig. 1. Proximate analysis of C. bursa-pastoris.
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Table 2. Mineral composition of C. bursa- pastoris.

Minerals
Cd
Fe
Mn
n
Cu
Cr
Na
K

Concentration (ppm)
0.031
0.195
0.297
0.455
1.245
2.192
21
67.5

3.4. Antioxidant Activity
3.4.1 DPPH assay

Both chloroform and methanol extracts
showed significant antioxidant potentials,
but chloroform extract was more potent to
scavenging ability as compared to methanol
extract (Figure. 2). The IC, value was
calculated through a linear regression
equation. The lowest IC, value was for

ascorbic acid, i.e., 44.49, followed by
chloroform,i.e.,235.37 ugml' and methanol,
i.e.,552.01 ug ml! in ascending manner. The
extracts had significant scavenging effects
on the DPPH radical, which was increasing
with the increase in the concentration of
the sample from 25-250 ug ml'. A similar
DPPH free radical scavenging activity trend
is already well documented (Thambiraj &
Paulsamy, 2012; Vishnu et al., 2013).

(a) Ascorbde acid v om0 2552 + 39 099 by Methanol extract
120 CORE=09173 35 ¥ = 0.0604x + 16.658
R*=09129
L g5 +« & Z 30 e
= o = o
= L B L o
B - - —
2 10 ¢« %25 P
= e = *
5 e 2 T
£ 45 = £ 2 e g
=2 - 2 —_
+
20 15
0 50 100 150 200 250 300 0 S0 100 150 200 250 300
Concentration (ug ml) Concentration (ug ml")
o= 00020 =283
(¢} Chiorcform extract y=0.0921x +28.322
) R*=09232
51
+*
£ . +
=43
=
z
]
W
= +
]
£33
=
7
] L11] 100 150 200 250 300

Concentration (g mi)

Fig. 2. DPPH free radical scavenging behavior extracts of C. bursa-pastoris and Ascorbic acid
(a) Ascorbic acid (b) Methanol extract (¢) Chloroform extract.
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3.4.2. Phosphomolybdate assay

Phosphomolybdate assay is employed to
find out the whole antioxidant activity of
extracts (Johnson, 2005). Results of the study
indicated that non-polar (chloroform) extract
exhibited the highest radical scavenging
37.240.80% at maximum concentration,
followed by polar (methanol) solvent, i.e.,
35.6+0.8% as compared to standard (Figure.
3). The lowest IC,  value was exhibited
by chloroform extract, indicating more
antioxidant compounds in this extract.

3.4.3. Reducing Power Assay

The reducing power of the extracts may serve

(a) Ascorbic acid v =0,255x + 34,596
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as a significant indicator of its potential
antioxidant activity. A  dose-dependent
response was observed in reducing power
assay. The absorbance of the samples was
recorded as 0.146+0.07 and 0.143%0.002
in the case of methanol extract followed by
chloroform extract at a concentration of 250
ug ml! (Figure. 4). In the case of reducing
assay, methanol extract revealed better
activity with a minor difference. Antioxidant
compounds in the extracts donate electrons
to reactive radicals, reducing them into more
stable and unreactive species (Gulcin, 2003).
The total content of phenolics and flavonoids
in extracts positively correlates with their
antioxidant properties, indicating their role in
the antioxidant activities of the plant.
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Fig. 3. Phosphomolybdate radical scavenging behavior of extracts and ascorbic acid reducing
power assay (a) Ascorbic acid (b) Methanol extract (¢c) Chloroform extract.
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3.5. Cytotoxicity of C. bursa-pastoris

Methanol (polar) and Chloroform (non-
polar) extracts of C. bursa-pastoris were
assessed against brine shrimp for cytotoxicity
analysis. Both methanol and chloroform
extracts of the plant showed lethality in
a concentration-dependent manner. The
methanol extract showed LD, 246.4469 g

105 @chloroform

[22]
o

N
n

Cytotoxicity (%)

L
o

50 100

ml !, whereas the chloroform extract showed
LD, value of 169.85 ug ml" (Figure. 5). In
the present study, the chloroform plant extract
showed significant cytotoxic properties as
compared to methanol extract. Results of
cytotoxic activity indicated the presence of
bioactive compounds in the extracts that
can be responsible for antitumor and anti-
inflammatory activities of the plant.
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Fig. 5. Brine shrimp lethality at various concentrations of C. bursa-pastoris.



4. Conclusion

C. bursa-pastoris is a nutritionally good plant,
eaten raw or cooked with crude protein, fiber,
fat, carbohydrate, and minerals. Overall the
investigated plant is a good source of nutrition
and poor in anti-nutritional components.
C. bursa-pastoris is also a rich source of
antioxidants, which prevent free radical
damage and reduce the risk of chronic diseases.
Further studies can be carried out to investigate
the profile of active compounds present in
the extracts responsible for pharmacological
properties.
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