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Abstract: Coronopus didymus (Brassicaceae) commonly known as lesser swine cress has been reported
to be used for its pharmacological activities. This study aimed to evaluate the medicinal potential
of C. didymus extracts against cancer, diabetes, infectious bacteria and oxidative stress and the
identification of bioactive compounds present in these extracts. The effects of using different solvents
for the extraction of C. didymus on the contents of major polyphenols and biological activities were
investigated. Plant sample was shade dried, ground to a fine powder, and then soaked in pure
acetone, ethanol and methanol. The highest contents of major polyphenols were found in methanol-
based extract, i.e., chlorogenic acid, HB acid, kaempferol, ferulic acid, quercetin and benzoic acid with
305.02,12.42,11.5, 23.33, 975.7 and 428 mg/g of dry weight, respectively, followed by ethanol- and
acetone-based extracts. The methanol-based extract also resulted in the highest antioxidant activities
(56.76%), whereas the highest antiproliferative (76.36) and alpha glucosidase inhabitation (96.65)
were demonstrated in ethanol-based extracts. No antibacterial property of C. didymus was observed
against all the tested strains of bacteria. Further studies should be focused on the identification of
specific bioactive compounds responsible for pharmacological activities.

Keywords: natural medicine; MTT assay; DPPH assay; «-glucosidase assay; HepG,

1. Introduction

History of plant-based medicine is as old as human history. Evidence of such practices
dates to prehistoric times. Clay tablets were found from the period of the Sumer civilization
1700 BC with a record of 12 drug recipes of more than 250 plants. Egyptians in 1550 BC
documented their knowledge regarding 800 prescriptions from 700 plants in the Ebers
Papyrus [1]. Knowledge of medicinal plants is based on hundreds, if not thousands of
years of empirical research. Every civilization in history has adapted their own method of
addressing various diseases depending upon their faith, custom, culture and experience [2].
Some of these practices were found in common throughout history. This may be due to the
fact that traditional knowledge and experience of folk medicine is preserved in the form of
writings and drawings in caves, monuments, paper or any written source available from
that time. Moreover, it is inherited from generations to generations and has grown over
the years through personal observation and trial and error method. However, due to the
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emergence of new medicinal practices and drugs, most of the knowledge of indigenous
medicine has been lost or is at the risk of being lost [3].

In the mid-20th century, traditional medicine was phased out from mainstream
medicine because it became less profitable than newly synthetic drugs [4]. The promotion
of plant-based medicine by the World Health Organization in developing countries to meet
the requirements not met by modern system has increased the use of traditional medicine
globally [5]. A growing concern for the side effects of modern medicine is increasing
the number of people seeking refuge in conventional medicine, making it more valuable
economically and commercially. According to the World Health Organization, 80% of the
world population of developing countries rely completely on conventional medicine for
their basic health needs. Belief in safety, cost effectivity and easy accessibility to plant-based
medicine is globally boosting this industry with an annual growth rate of 15% [6].

There has been an increasing interest in the identification of biochemicals from plants
and the study of the pharmacological potential of plant extracts and bioactive compounds
in the past few years [7-9]. Polyphenols have been reported to be the major bioactive
compounds in plants used to treat diabetes, cancer and oxidative stress.

Coronopus didymus a weed of the Brassicaceae family is commonly known as “wartcress”
or “swinecress” [10]. The plant has traditionally been used to treat cough, bruises, traumas,
arthrosis, bronchitis, external ulcers, cancer, rheumatism, gastric and urinary problems. It
has been used to relieve muscle pain, minimize fever and inflammation, purify blood and
clear catarrh [11,12]. Coronopus didymus has also been reported to have antifungal, antiox-
idant, antimalarial, antitumor, wound healing and anti-inflammatory properties [13,14].
Apart from therapeutic and curative properties, because of its high biomass it is reported
to have phytoremediation property for zinc [15], lead [16] and cadmium [16].

Coronopus didymus is an abundant source of bioactive compounds which have been
reported to possess inhibitory activities against cancer and the alpha glucosidase en-
zyme [17,18]. These bioactive compounds are very sensitive to external conditions provided
at the time of growth. Moreover, extraction conditions majorly using solvent and drying
temperature also affect the amount and nature of bioactive compounds and their deriva-
tives [19,20].

Diabetes mellitus is a group of diseases characterized by a high blood glucose level
due to defects in the action and secretion of insulin. Chronic hyperglycemia results in
the failure, damage and dysfunction of various body organs. It mostly affects the heart,
eyes, kidneys, blood vessels and nerves. International Diabetes Federation’s (IDF) statistics
indicate that 1 in every 11 has diabetes in the world. The prevalence of diabetes mellitus is
from 7.66% to 11%. It has been projected that this would increase to 15% in 2030. Diabetes is
a progressive disease which wears out body functions gradually and vital body parts [21].

Cancer is also a continual battle around the world. Cancer occurs when cellular
changes throughout the body cause unrestricted growth and cell division. According to a
report in 2015 by World Health Organization (WHO), cancer is the first or second major
cause of death before 70 years in 91 out of 172 countries and occupies a third or fourth
place in 22 addjitional countries [22].

Almost all the life processes and functions, from metabolism to bioenergetics involve
oxidation-reduction reactions. Therefore, it can be said that equilibrium in redox reactions
is vital for life. Biological systems are under a constant attack of reactive oxygen species.
To defend such attacks, the body has a complex mechanism of regulating antioxidants,
but when this system collapses, the biological system has to face oxidative stress which
may lead to several diseased conditions such as cancer, aging, diabetes, inflammatory joint
diseases and heart diseases [23,24]. This study aims to evaluate the medicinal potential of
C. didymus extracts against cancer, diabetes, infectious bacteria and oxidative stress as well
as the identification of major bioactive compounds present in these extracts.
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2. Results
2.1. Phytochemical Analysis

High-performance liquid chromatography (HPLC) was performed for the identi-
fication and quantification of polyphenols (Table 1). Among the nine major identified
polyphenols, chlorogenic acid, benzoic acid and quercetin were present in all the extracts
with varying concentrations. Chlorogenic acid at 2.84 min, kaempferol at 11.02 min, ferulic
acid at 12.49 min, coumarin at 16.74 min and benzoic acid at 18.17 min were identified in
acetone-based extracts. Chlorogenic acid at 2.98 min, HB acid at 6.93 min, caffeic acid at
7.24 min, benzoic acid at 18.78 min and rutin at 23.89 min were identified in ethanol-based
extracts. Chlorogenic acid at 2.7 min, HB acid at 6.64 min, kaempferol at 11.13 min, ferulic
acid at 12.64 min, quercetin at 16.91 min and benzoic acid at 18.38 min were identified in
methanol-based extracts.

Table 1. Phenolic compounds identified in Coronopus didymus leaf extracts.

Compound

Retention Time (min)

Concentration
(ug/g Mean =+ Standard Deviation)

Acetone-Based Extract Ethanol-Based Extract = Methanol-Based Extract

Chlorogenic acid 2.88 4271 £1.67 56.48 £ 2.28 305.02 £ 6.34
kaempferol 11.07 2.56 £ 0.54 ND 11.50 + 1.74
Ferulic acid 12.46 5.59 £ 0.89 ND 23.33 £1.06
Coumarin 16.085 88.7 £3.90 ND ND

Benzoic acid 18.30 50.65 &= 2.51 330.23 & 6.50 428.7 1+ 6.61
HB acid 6.75 ND 16.39 £ 1.82 12.42 £1.04
Caffeic acid 7.49 ND 3.80 £0.21 ND

Rutin 23.89 9.43 £1.23 10.61 £ 1.92 ND
Quercetin 16.91 271.5+4.92 432.1+£7.09 975.7 £7.63

2.2. Antioxidant Activity

Different concentrations (1 mg/mL, 0.1 mg/mL, 0.01 mg/mL, 0.001 mg/mL) of
plant extracted in three solvents (acetone, ethanol, methanol) were evaluated for their
free radical scavenging ability using 0.3 mM DPPH. Gallic acid (0.3 mM) was used as a
standard. All the tested concentrations exhibited significant radical scavenging activity
in a concentration-dependent manner as shown in Table 2. The highest concentration of
1 mg/mL of methanol- and ethanol-based extracts demonstrated a maximum radical
scavenging activity of 56.7% and 52.7%. The lowest concentration of 0.01 mg/mL
exhibited almost negligible antioxidant activity. Extracts dissolved in methanol and
ethanol performed better than the extracts dissolved in acetone with ICsy values of
0.73 mg/mL and 0.86 mg/mL, respectively (Figure 1).

Table 2. Free radical scavenging activity of Coronopus didymus using DPPH assay (mean =+ standard

deviation).
Solvent 1 mg/mL 0.1 mg/mL 0.01 mg/mL 0.001 mg/mL
Acetone 43.06 +1.15 36.96 £ 1.13 15.50 +1.43 9.29 +1.47
Ethanol 5273 £1.73 40.10 £ 1.50 27.12 £1.58 5.04 £ 0.57
Methanol 56.76 & 0.57 48.13 +0.51 30.60 & 0.52 3.87 + 0.58
Gallic acid

(0.3 mM) 69.20 = 1.40
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Figure 1. Dose-response curve (a) and ICsg values (b) of acetone-, ethanol-, and methanol-based
extracts.

2.3. Antidiabetic Activity

The antidiabetic activity of C. didymus was evaluated using the alpha glucosidase
enzyme, one of the key enzymes involved in Type II diabetes. Acarbose was used as a
standard. All the extracts demonstrated a significant antidiabetic activity in a concentration-
dependent manner as shown in Table 3. The highest activity was exhibited by the highest
concentration (1 mg/mL) of all the extracts prepared in (acetone, ethanol, methanol)
whereas no or an almost negligible activity was recorded by the lowest concentration
(0.001 mg/mL) of all the extracts. The best alpha glucosidase inhibition activity was
demonstrated by 1 mg/mL of ethanol extract (IC5y 0.41) followed by methanol extract
(ICs50 0.50) (Figure 2).

Table 3. Inhibitory effect of Coronopus didymus extracts (mean + standard deviation) against alpha

glucosidase.
Solvent 1 mg/mL 0.1 mg/mL 0.01 mg/mL 0.001 mg/mL
Acetone 52.15 £ 2.89 14.77 + 1.44 3.38 £2.82 0.03 + 0.55
Ethanol 96.65 + 1.67 43.15+ 1.94 10.99 + 3.17 2.06 £1.78
Methanol 93.58 + 1.27 23.09 + 0.62 0.1 +1.30 0.09 + 0.32
Acarbose
(10 mM) 59.39 + 1.47
a b
3 120 Solvent IC50 (mg/mL)
g 100 Acetone 0.94
¥ g
z w0
= Ethanol 041
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& 0
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Figure 2. Dose-response curve (a) and ICsg values (b) of acetone-, ethanol-, and methanol-based
extracts.

2.4. Antiproliferative Activity

The antiproliferative potential of C. didymus extracts was evaluated using an MTT
assay. For this purpose, different concentrations (1 mg/mL, 0.1 mg/mL, 0.01 mg/mL,
0.001 mg/mL) of plant extracted in acetone, ethanol and methanol were exposed to the
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HepG2 cancer cell line. All the concentrations exhibited potential antiproliferative activity
against HepG2 cells in a concentration-dependent manner as shown in Table 4. The ICs
values were 0.20 mg/mL for ethanol, 0.31 mg/mL for methanol and 0.25 mg/mL for
acetone (Figure 3). The maximum activity was recorded by 1 mg/mL of extract prepared
in ethanol (76.36%). The extracts prepared in methanol and acetone at a concentration of
1 mg/mL inhibited cell proliferation by 70.22% and 69.59%, respectively. The effect on
morphology of HepG2 cells are shown in Figure 4.

Table 4. Antiproliferative activity of Coronopus didymus extracts (mean + standard deviation) on
HepG2 cell line.

Solvent 1 mg/mL 0.1 mg/mL 0.01 mg/mL 0.001 mg/mL
Acetone 69.59 + 2.36 61.26 + 3.69 59.54 + 2.85 16.88 + 1.10
Ethanol 76.36 + 3.03 67.26 + 3.18 35.09 + 291 24.13 + 2.50
Methanol 70.22 + 3.20 59.74 4+ 2.95 42.12 £ 3.44 22.86 4+ 2.68
Doxorubicin
(10 uM) 78.56 + 2.87
a b

; Solvent IC50 (mg/mL)
g 70 Acetone 0.25
= 60
§ 0
g Ethanol 02
g3
Enl

10 Methanol 031

o
o

0.2 0.4 0.6 0.8 1 12
Concentration (mg/mL)

Figure 3. Dose-response curve (a) and ICsg values (b) of acetone-, ethanol-, and methanol-based
extracts.

1 mg/mL 0.1 mg/mL 0.01 mg/mL  0.001 mg/mL

Acetone

Ethanol

Methanol

Figure 4. Antiproliferative activity of Coronopus didymus against HepG2 cells. (A-D) represent
treatment with acetone-based extracts at a concentration of 1 mg/mL, 0.1 mg/mL, 0.01 mg/mL and
0.001 mg/mL, respectively. (E-H) depict treatment with ethanol-based extracts at a concentration
of 1 mg/mlL, 0.1 mg/mL, 0.01 mg/mL and 0.001 mg/mL, respectively. (I-L) are treatment with
methanol-based extracts at a concentration of 1 mg/mL, 0.1 mg/mL, 0.01 mg/mL and 0.001 mg/mL,
respectively. (M,N) represent negative and positive control, respectively.
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2.5. Antibacterial Activity

As reported by [25,26], C. didymus was found to have no antibacterial property against
Escherichia coli, Klebsiella pneumoniae and Staphylococcus aureus. Previous studies did not
include work on Acinetobacter, and we found that Acinetobacter was also resistant to C.
didymus.

3. Discussion

In the past few decades, medicinal plants have often been investigated for a potential
anticancer effect by an evaluation of their ability to counteract cancer cells in vitro. For the
first time, we reported the effects of the solvent used for the extraction on antiproliferative,
antioxidant and antidiabetic activities as well as on the contents of major polyphenols
from C. didymus. In the present study, extracts of C. didymus significantly decreased
the proliferation of the HepG2 cell line, thus confirming previous reports of cytotoxic
properties [27]. The antiproliferative activity of C. didymus against HeLa and LN18 cell lines
have been attributed to the presence of polyphenols. Oxidative reduction is a potential
phenomenon that allows phenolic compounds to have antiproliferative effects, carcinogen
inactivation and metastasis inhibition [27,28].

Free radicals interact with other molecules and initiate larger chemical reactions in the
human body, which leads to various diseased conditions. It was found that the antioxidant
potential of the tested extracts increased with the increasing polarity potential of the
solvents used for the extraction, similar to the results reported in a study by [13]. The
antioxidant activity can be attributed to the presence of polyphenols in C. didymus. As most
of the phenolic compounds are polar in nature, they can be extracted with high yield in a
higher polarity solvent such as methanol and ethanol.

An important role of plant extracts as potent inhibitor of x-glucosidase has been
suggested in previous studies investigating antidiabetic properties [29]. Acarbose is widely
used for a-glucosidase but has been reported to have hepatotoxic and nephrotoxic side
effects. The percentage inhibition value of ethanol extract of C. didymus (1 mg/mL) was
even higher than that of acarbose used as a standard (59.32%). This shows that C. didymus
can be an affective inhibitor for glucose that rises after a meal, as alpha glucosidase is
the main enzyme involved in increasing the concentration of postprandial blood glucose
levels. Furthermore, alpha glucosidase drug inhibitors have various side effects; one of
them is getting absorbed in systemic circulation and regulating nonpathogenic protein
molecules [30].

The biological properties of plants have been attributed to the presence of polyphenols
and other bioactive compounds in different parts of the plants. Various studies have
reported the effectiveness of polyphenols as an antioxidant, anticancer, anti-inflammatory
and wound healing agents [19,31]. The contents of major bioactive compounds extracted
from the plant are significantly affected by the solvents used, which suggests that the
type of solvent might help to improve the concentration [19,20]. While comparing the
contents of polyphenols using different solvents, the acetone-, ethanol- and methanol-based
extracts have proven to be the most efficient alternatives, with acetone producing the
highest yields for the extraction of several raw materials [32-34]. However, methanol-
and ethanol-based extracts have proven more efficient in some other studies, e.g., for the
extraction of polyphenols in Hibiscus sabdariffa [35]. The present study showed the highest
contents of major polyphenols were found in methanol-based extracts followed by ethanol-
and acetone-based extracts. The variation in contents of polyphenolic compounds using
different solvents might be attributed to the difference of polarity of phenolic compounds.
The addition of water to organic solvents such as acetone, methanol and ethanol creates a
more polar medium, which sometimes increases the yield of phenolic compounds even
further [36]. The healing properties of C. didymus can be attributed to the presence of
different phytochemicals.
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4. Materials and Methods
4.1. Phytochemical Analysis

The phytochemical analysis of C. didymus dissolved in pure ethanol, methanol and
acetone was performed using high-performance liquid chromatography (HPLC). A 20 uL
sample was injected in hydro-RP 80A (250 mm x 4.60 mm, 4 um) at room temperature. A
mixture of acetic acid (1%) and acetonitrile (5%) in water (solution A) and methanol (5%) in
acetonitrile (solution B) were used as the mobile phase in gradient 82% A and 18% B. An
isocratic elution was performed for 40 min at a flow rate of 1 mL/min. The quantification
of the phenolic compounds from three solvents was performed at 280 nm. The analysis
was performed under stable chromatographic conditions.

4.2. Preparation of Plant Extract

Coronopus didymus was collected from the campus of Government College University,
Faisalabad. The plant sample was washed and shade dried. The whole plant sample was
ground to a fine powder. The extraction was carried out by soaking 1 g of ground plant
sample in pure acetone, ethanol and methanol. After overnight incubation in a shaking
incubator, the slurry was filtered with a Whatman No. 1 filter paper. The solvent from
the filtered solution was evaporated and the extract was dissolved in 1 mL of phosphate
buffer saline to make a concentration of 1 mg/mL. Three more concentrations 0.1 mg/mL,
0.01 mg/mL and 0.001 mg/mL were made by further diluting 1 mg/mL in phosphate
buffer saline (PBS). A total of four concentrations of plant sample were used for further
studies. The extracts were stored at —20 °C until used for further analysis.

4.3. Antidiabetic Activity

Vongsak and Kongkiatpaiboon's [3] experiment with modifications was performed to
evaluate the inhibition activity of C. didymus against the alpha glucosidase enzyme. The
plant extract (12.5 uL dissolved in PBS) and 40 pL of enzyme «-glucosidase (0.5 U/mL)
with acarbose 10 mM (12.5 uL) as a standard were mixed in 140 pL of PBS (pH 7.4) for
5 min at 37 °C. The inhibition activity of the enzyme was analyzed by the breakdown of
a 40 pL substrate of p-nitrophenyl-a-D-glucopyranoside (5 mM) for 30 min at 37 °C. A
microplate reader was used to record the enzyme activity at an absorbance of 405 nm. The
percentage inhibition was calculated using the formula:

[(rate of measured normal activity — rate o f measured inhibited activity)/
rate o f measured normal activity x 100]

)

to find the inhibition activity of plant extracts for the enzyme alpha glucosidase.

4.4. Antiproliferative Activity

The antiproliferative activity of C. didymus extracts was evaluated using an MTT
(3-(4,5-dimethyl-2-yl)-2,5-diphenyltetrazolium bromide) assay on HepG2 cells. A human
liver cancer HepG2 cell line was grown as a monolayer in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 1% glutamine and 1%
penicillin—streptomycin at 37 °C with 5% CO; in a humified incubator. A cell density of
1 x 10* cells/well was seeded in a 96-well plate. Confluent cells were treated with 3 puL of
plant sample for 48 h. The cell proliferation activity was assessed by MTT dye (0.5 mg/mL).
Purple-colored formazan crystals were dissolved in 150 uL of dimethyl sulfide (DMSO) for
4 h at 37 °C. Doxorubicin (10 uM) was used as a positive control and PBS was used as a
negative control. A microplate enzyme-linked immunosorbent assay (ELISA) reader was
used to measure the optical density at 630 nm. The antiproliferative activity was evaluated
by calculating the percentage inhibition of plant extracts inhibiting the growth of human
liver cancer HepG2 cell line. Pictures of the cells after treatment were taken by an inverted
microscope using 40 x magnification.
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4.5. Antioxidant Activity

The free radical scavenging activity of C. didymus extracts was assessed by a 2,2-
Diphenylpicrylhydrazyl (DPPH) assay as reported by [37] with some modifications. A
plant extract of 10 pL was treated with 190 uL of DPPH (0.3 mM). Gallic acid (0.3 mM)
was used as a standard. After 30 min, the absorbance was recorded at 490 nm due to the
nonavailability of a 517 nm filter of the microplate reader. The free radical scavenging
ability of plant extracts was calculated by the formula of percentage inhibition.

4.6. Antibacterial Activity

Antibacterial activity of C. didymus extracts was determined using the well diffusion
method on Mueller-Hinton agar (MHA) [38]. Stock cultures of Escherichia coli, Acineto-
bacter, Klebsiella pneumoniae and Staphylococcus aureus were grown in nutrient broth for
24 h at 37 °C from single colonies appearing on an agar plate. A plant extract of 15 pL was
inoculated in bacterial swabbed wells (6 mm) on MHA plates in an aseptic environment.
The diameter of growth inhibition zone was measured after 24 h of incubation at 37 °C.

4.7. Statistical Analysis

Each experiment was performed in triplicate and data are presented as mean +
standard deviation. The statistical analysis was performed using graphpad prism software.
An analysis of variance and Tukey’s post hoc test were performed for the comparison
among different treatment groups.

5. Conclusions

The present study suggested that the polyphenolic compounds in the C. didymus
might be the major contributor to the latter’s antioxidant, «-glucosidase inhibition and to
its antiproliferative activity since the efficiency of the tested extracts was closely reflected
by the varying contents of these compounds. However, there might be other compounds,
e.g., nonpolar compounds (soluble in ethanol, methanol and acetone), contributing to the
pharmacological activities of C. didymus. Overall, the extraction with methanol yielded
the highest concentrations of the identified polyphenols. This study paves the way for
further in vivo and clinical trials. Further studies are, however, needed to identify the
specific compounds responsible for the biological activity of C. didymus. The study also
demonstrated that above-mentioned bacteria were resistant to C. didymus extracts.
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