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Summary: Malvastrum coromandelianum (L.) Garcke is a medicinal plant, employed traditionally
for the treatment of different human illnesses. This study has been planned to study the chemical and
biological aspects of the roots of the plant, using chemical and instrumental analytical techniques.
Standard reported protocols were used for phytochemical screening of the crude extract, indicating the
presence of terpenoids, steroids, flavonoids, and alkaloids classes of compounds. The extract was
analyzed through Gas Chromatography-Mass Spectrometry (GC-MS) to confirm the presence of
specific phytochemicals. The extract exhibited biological activities at good to moderate
levels and was found to be non-toxic. Moderate inhibitory potential was observed against
Aspergillus niger, Fusarium solani, Candida albicans, Klebsiella pneumoniae, Bacillus subtilis,
Proteus mirabilis, Escherichia coli, and Staphylococcus aureus. At a concentration of 1000 xg/ml
the crude extract showed 67 % inhibition of the Leishmania tropica promastigotes. The extract also
displayed moderate radical scavenging activity. Interestingly, it showed lower red blood cell
hemolysis (28%) at the highest concentration. The biological potential of the crude extract may
be credited to these metabolites, as most of them have been previously reported to have the same

activities.

Keywords: Malvastrum coromandelianum, Hemolysis, Anti-fungal, Anti-bacterial, Leishmanicidal, GC-MS
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Introduction

Plants, herbs, animals, and microbes are
nature’s laboratories for the discovery of
pharmacologically important chemicals [1], used
originally or modified into pharmaceutical agents for
the treatment of human ailments [2].

M. coromandelianum L. Garcke
(Malvaceae), a three-lobed false mallow [3], is native
to the Americas, Australia, Africa, and Asia [4].
Ethnobotanical survey has revealed that M.
coromandelianum possesses anti-nociceptive, anti-
inflammatory, analgesic, anti-cancer, antioxidant,
anthelmintic, hypoglycemic, anti-fungal, and anti-
bacterial properties [5-13]. Different parts of the plant
are being used to cure ringworm infection, jaundice,
and diabetes by tribal populations throughout the
world [14, 15]. Some bioactive isolates have also been
reported from the leaves and stem of the plant [16, 17].
Literature  survey  thus infers  significant
pharmacological potential of the aerial parts of the
plant, however no detailed information on its
phytochemical and pharmacognostic aspects has been
reported thus far. Moreover, the underground parts of
the plant are yet to be studied in detail. This research

project was designed to establish the chemical
composition, anti-microbial, Leishmanicidal, anti-
cancer, and hemolytic activity of the roots of M.
coromandelianum.

Experimental
Plant material

Fresh roots of M. coromandelianum (3 Kg)
were collected in August (2020) from District Swat
(Kabal), Khyber Pakhtunkhwa, Pakistan. The plant
material was identified at the Department of Botany,
University of Peshawar, by Prof. Dr. Siraj-ul-Hag. A
voucher specimen (Bot 17315 PUP) was deposited in
the herbarium of the same department. The roots were
shade dried and ground to powder.

Extraction

Powdered (1 Kg) material was macerated
with 50% methanol-water (10 I) and kept for a few
days at room temperature. The extract was filtered and
the solvent evaporated in vacuo to obtain yellowish
gummy crude extract (60 g).

“To whom all correspondence should be addressed.


mailto:salmanzafar@uop.edu.pk
mailto:ghiasuddin@uop.edu.pk

Sheemacet al.,

Qualitative phytochemical screening

The presence of phytochemicals viz,
proteins, saponins, terpenoids, carbohydrates,
alkaloids, steroids, flavonoids, cardiac glycosides,
reducing sugars, and phlobataninns was determined by
following standard procedures, as given below [18,
19].

Test for alkaloids

Aqueous solution of the crude extract (2 ml)
was supplemented with 0.5 ml of 1% HCI, followed
by addition of Wagner's reagent to the mixture.
Reddish-brown appearance indicates the presence of
alkaloids.

Test for saponins

A few drops of water were added to the crude
extract and stirred to see if there is any foam
formation, which would be an indication of the
presence of saponins.

Test for terpenoids

To 1 ml sample of extract, 2 ml of chloroform
was added, followed by addition of 3 ml of conc.
sulfuric acid. Appearance of red brown color at upper
layer shows the presence of terpenoids.

Test for carbohydrates

A mixture of the plant extract and 1 ml of
Barfoed’s reagent (CuSQO4) was heated in a water bath
at high temperature for 2-3 minutes. A change in color
or formation of precipitates shows the presence of
carbohydrates.

Test for proteins/amino acids

A mixture of the crude extract (1 ml) and
ninhydrin solution (2 ml) was boiled. Appearance of
violet color indicates the presence of amino acids.

Test for steroids

The plant extract (1 ml) was dissolved in
chloroform (10 ml), followed by the addition of an
equal volume of conc. sulfuric acid. The top layer in
the test tube turns red, indicating the presence of
steroids.

Test for flavonoids

To a 2 ml solution of the extract, 5 ml of
H,SO, and 0.5 mg of Mg-ribbon were added.
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Appearance of a reddish-brown color indicates the
presence of flavonoids.

Test for glycosides

The extract was hydrolyzed and neutralized
with conc. hydrochloric acid. Appearance of red
precipitate confirms the presence of glycosides.

GC-MS analysis

The methanolic extract was analyzed on a
Thermo Fisher Scientific DSQII instrument, equipped
with a capillary column (30 m long with 0.25 mm
internal diameter and thickness). The sample was
initially treated with sodium sulphate and filtered
through a Whatman filter paper No. 1 to remove any
suspended solids and traces of water, followed by
filtration. The injector was operated in split mode with
a 1 ml/minute flow rate. The pre-treated sample (1 pl)
was injected at 50 °C and held for 2 minutes until
gradually increasing the temperature to 150 °C at 8
°C/min and then to 300° C @ 15 °C/min, where it was
held for 5 minutes. The chemical components were
identified from a built-in NIST library.

Biological activities
Anti-fungal activity

Potato dextrose agar (PDA) (7.9 g) in
distilled water (200 ml), was used to prepare media for
fungal culture. The media was sterilized in an
autoclave. The sterilized media was transferred to petri
dishes inside a laminar flow cabinet and inoculated
with fungal spores after solidification. Fluconazole
was used as the positive, while DMSO was the
negative control. Wells of appropriate size were
punctured in the media and the test sample was
administered to the wells at 30, 50, and 100 pg/ml
concentrations. The dishes were incubated for 72
hours at 37 °C and results recorded thereafter [20].

Anti-bacterial Assay

Anti-bacterial activity was performed using
the disc diffusion method. Nutrient agar (8.4 g) was
dissolved in 200 ml distilled water to prepare the
media. The media was sterilized at 121 °C for 15 min.
The sterilized media was transferred to petri dishes
and inoculated with bacterial spores after
solidification [21]. Three concentrations (30, 50, and
100 wg/ml), were prepared from the test sample in
DMSO. Ofloxacin disc (5 pg/ml) was used as a
positive control. Results were recorded after
incubation of the petri dishes for 24 hours at 37 °C
[22].
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Hemolytic Activity

The hemolytic assay was executed as per the
procedure followed by Mehwish et. al. [23]. A trained
health expert took fresh human blood from
participants. All ethical formalities were fulfilled as
per the 1975 Helsinki Declaration (revised 1997). Red
Blood Cells (RBCs) were separated from the solution
by centrifugation (1000x g for 10 min). RBCs were
then treated with the test sample. The final
concentration was set to be 1000, 500, and 250 pg/ml.
All the samples were incubated at 37 °C for 3 hours.
Hemoglobin was released in the supernatant. Negative
(DMSO) and positive (0.5% Triton X-100) controls
were also run alongside the test samples. The results
were recorded on an ELISA plate reader at 576 nm.

Percent hemolysis was measured using the following
equation.
mean 0D of sample — mean OD of blank

% hu lysis = 100
% hemolysis mean 0D of positive control — mean 0D of blank *

Leishmanicidal assay

The Leishmania tropica promastigote (1 x
10* cells/well) were grown in 96-well microtiter plates
in FBS (Gibco®) (10%) supplemented RPMI-1640
(Gibco®) and antibiotics (1%). The promastigotes
were allowed to grow for 72 hours at 25 °C in the
presence of 1000, 500, and 250 pg/ml of the crude
methanolic extract of M. coromandelianum [24]. After
incubation, the promastigote viability was calculated
by the MTT (3-(4,5-dimethylthiazol- 2yl)-2,5-
diphenyltetrazolium bromide) colorimetric technique
[25]. To start with, MTT dye (100 ul) was applied to
the wells, which were incubated for 3 hours at 37 °C.
DMSO (40 ul) was used as a solvent. Readings were
recorded at 570 nm using an ELISA plate reader
(Biotek EIx800). Amphotericin B was taken as
positive control. The experiment was performed in
triplicate and the Leishmanial promastigote count was
done using Neubauer chamber [26].

Antioxidant activity

Antioxidant activity was evaluated with the
help of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging assay, following a reported method [27].
The crude extract (20 ul) and DPPH (180 ul) were
mixed in a 96-well plate and incubated in dark for 60
minutes. The absorbance was recorded at 517 nm.
Percent inhibition of the radicals was calculated from
the equation given below:
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Control OD — Sample OD
Percent inhibition = x 100
Control OD

Ascorbic acid was used as negative control in
different concentrations (ug/ml), while DMSO was
used as the positive control.

Anti-cancer activity

Anti-cancer activity was assessed against
malignant glioma U-87 (MG U87) cell lines [28]. MG
U87 cells were rejuvenated from cryopreserved vials
and cultured at 37 °C, in a supply of 5% CO,.
Streptomycin (100 wg/ml), penicillin (100 U/ml), and
10% Fetal bovine serum were added to a 1:1 mixture
of Ham’s F12 nutrient mixture media and Dulbecco’s
Modified Eagle Medium (DMEM:F12), in T25 flasks.
The cells were transferred to flasks with larger
capacity to enhance the cell number at a confluency of
>80%. Growth inhibition assay was performed as
reported earlier [29]. The MG U87 cells were
transferred to 96-well plates (5000 cells/well).
Hemocytometer was used for cell count. The cells
were cultured in DMEM: F12, in a CO; incubator, for
24 hours with a supply of 5% CO,. Different
concentrations of the test sample were prepared in
DMSO. The test sample was treated with the cell lines
at different serial concentrations (0 (untreated control),
6.25, 12.5, 25, 50, 100, 200, and 400 ug/ml). Each
sample was analyzed and all plates’ patterns were
repeated thrice. The cells were fixed in formalin (4%)
after specified time of sample treatments. Crystal
violet (0.1%) was used to stain the cells [30, 31],
followed by washing with phosphate buffered saline
and drying in air. Acetic acid (200 ul) was added to
each well and absorbance was measured at 630 nm on
a plate reader.

Results and Discussion
Phytochemical profiling of M. coromandelianum

The results of phytochemical screening
indicated that methanolic extract contains proteins,
terpenoids, carbohydrates, alkaloids, steroids,
flavonoids, and reducing sugars (Table-1). Proteins
are essential supplements to repair and maintain body,
while terpenoids have been reported to be valuable in
prevention and treatment of various diseases, such as
cancer, microbial and viral infections, inflammation,
spasmodic, parasitic, allergenic, and hyperglycemic
diseases [32-34]. Carbohydrates and glycosides have
been in use as dietary supplements to boost the
immune system [35]. Steroids are beneficial for
cholesterol-reducing properties and help in regulating
the immune system of the body [36, 37]. Moreover,
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alkaloids are well-known as anti-inflammatory and
cardioprotective agents and also affect the central
nervous system [38-40]. Thus, the pharmacological
potential of the roots of this plant may be credited to
these bioactive metabolites.

Table-1: Phytochemical screening of the roots of M.
coromandelianum.
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glycol dibenzoate (0.38%), Z-(13,14-epoxy)tetradec-
11-en-1-ol acetate (0.50%), 1-monolinoleoylglycerol
trimethylsilyl ether (0.14%), and 9,10-secocholesta-
5,7,10(19)-triene-3,24,25-triol (0.48%) were
identified through GC-MS analysis. These isolates
have been previously reported to possess antioxidant,
anti-microbial, anti-cancer, cytotoxic, clonogenic, and
anti-inflammatory activities (Table-2).

PHYTOCHEMICALS Present(+)/Absent(-)

Proteins +
Saponins
Terpenoids
Carbohydrate
Alkaloids
Steroid
Flavonoids
Glycosides
reducing sugars
phlobataninns

+ o+ o+ o+

+

Biological activities
Anti-fungal activity
The methanolic crude extract of M.

coromandelianum was tested against various fungal
strains, such as Aspergillus niger, Fusarium solani,

GC-MS analysis

The GC-MS analysis of M.
coromandelianum roots revealed the presence of
sixteen secondary metabolites, identified on the basis
of high SI/RSI value (above 700) (Table-2). Nonanoic
acid  (2.31%), 6-methyl-octadecane  (4.39%),
hexadecanoic acid, methyl ester (2.79%), oleic acid
(7.37%), 9,12-ctadecadienoic acid (7.37%), 1,2-
benzenedicarboxylic acid diisooctyl ester (50.60%),
[1,1:4',1"-terphenyl]-2,2"-diamine (4.83%), eicosane
(0.73%), sitosterol (0.45%), Ar-turmerone (0.27%), 7-
methyl-Z-tetradecen-1-ol acetate (1.53%), neopentyl

and Candida albicans, at 30, 50, and 100 pg/ml
concentrations. The extract was found to be
moderately active against A. niger and F. solani,
exhibiting 16 mm (30 pg/ml), 18 mm (50 pg/ml), and
20 mm (100 pg/ml) zones of inhibition at
corresponding concentrations against A. niger and 15
mm (30 pg/ml), 20 mm (50 pg/ml), and 25 mm (100
pg/ml) against F. solani (Table-3). This moderate anti-
fungal potential may be attributed to the antagonistic
effect of wvarious chemical constituents [41-44].
Nevertheless, the results suggest that the roots might
prove as an excellent source of some potent anti-
fungal molecules.

Table-2: GC-MS analysis of roots of M. coromandelianum.

S.NO. SI/RSI Retention time Compound Peak area % Bioactivity References
1 537/818 9.36 Nonanoic acid 231 Anti-microbial [53, 54]
2 674/790 18.95 6-methyl-Octadecane 4.39 Antioxidant [55]
3 834/859 18.34 Hexadecanoic acid, methyl ester 2.79 Antioxidant, nematicide [56]

a-(acetyloxy)-2-hexyl-
4 672/701 18.67 cyclopropanedecanoic acid 0.16 Anti-microbial [57]
methyl ester
5 661/761 20.27 Oleic Acid 7.37 Anti-cancer [58]
6 6797754 2027 (2.2)-9,12-Octadecadienoic acid 737 Anti-cancer, Anti-microbial, [59, 60]
Antioxidant, anti-inflammatory
7 909/912 2939 1,2—Benz¢_e_ned|carboxyllc acid, 50.60 Anti-bacterial, c_ytotoxm, [60,61]
diisooctyl ester clonogenic
8 758787 23.09 [1,1":4%1"Terphenyl]-2,2"- 483
diamine -
9 71/897 17.00 Eicosane 0.73 Anti-microbial [62]
10 852879 26.00 p-sitosterol 0.45 Anti-inflammatory, Analgesic, [63-65]
Antioxidant
11 500/750 14.77 Ar-turmerone 0.27 Anti-fungal [66]
12 733788 20.99 7-Methyl-Z tetradecen-1-ol 153 Anti-fungal [67]
acetate
13 670/911 12.41 Neopentyl glycol, dibenzoate 0.38 -
Antioxidant, Anti-cancer, Anti-
Z-(13,14-Epoxy)tetradec-11-en- microbial, anti-inflammatory,
14 728/771 17.48 1-ol acetate 050 nematicide, Anti-histaminic, (68]
Anti-eczemic
1-Monolinoleoylglycerol . .
15 662/740 27.32 trimethylsilyl ether 0.14 Cytotoxic, Anti-cancer [68]
16 6371762 24.00 (80,52, 7E)-9,10-Secocholesta- 0.48 Anti-microbial 68]

5,7,10(19)-triene-3,24,25-triol
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Table-3: Anti-fungal activity of the crude extract of M. coromandelianum roots.
Concentration of Sample (ug/ml) vs. Zone of Inhibition (mm)

Positive Control

Fungal Strain

30 ug/ml 50 pg/ml 100 pug/mi Fluconazole
Aspergillus niger 10 mm 18 mm 20 mm 18.5
Fusarium solani 15mm 20 mm 25 mm 16.4
Candida albicans 0mm 0mm 0mm 18.2

Table-4: Anti-bacterial activity of the roots of M. coromandelianum.

Concentration of Sample (ug/ml) vs. Zone of Inhibition (mm) Positive Control

Bacterial Strain

30 pg/ml 50 pg/ml 100 pg/ml Ofloxacin (5 pg/ml)
Klebsiella pneumonia 10 mm 12 mm 15 mm 30 mm
Escherichia coli 7mm 18 mm 20 mm 26 mm
Staphylococcus aureus 12 mm 15 mm 25 mm 21 mm
Proteus mirabilis 10 mm 13 mm 15 mm 32 mm
Bacillus subtilis 11 mm 13 mm 17 mm 31 mm

Anti-bacterial activity

The anti-bacterial potential for the roots of M.
coromandelianum was demonstrated at different
concentrations (30, 50, and 100 uxg /ml), against five
selected multi-drug resistant bacterial strains, i.e.,
Bacillus subtilis (ATCC 6051), Klebsiella pneumoniae
(ATCC 13883), Proteus mirabilis, Staphylococcus
aureus (ATCC 12600), and Escherichia. coli (ATCC
8739). The crude extract exhibited maximum potential
against S. aureus with zones of inhibition of 12, 15, and
25 mm at 30, 50, and 100 ug/ml, respectively, as
compared to standard ofloxacin (21 mm at 5 pg/ml)
(Table-4), while rest of the strains; B. subtilis (11, 13, and
17 mm vs control; 32 mm), K. pneumoniae (10, 12, and
15 mm vs control; 30 mm), P. mirabilis (10, 13, and 15
mm vs control;32 mm), and E. coli (7, 18, and 20 mm vs
control; 26 mm) showed moderate activity. The activity
may be attributed to the presence of sterols, sterol
glycosides, and alkaloids [43, 45-47].

Anti-leishmanial activity

Leishmaniasis is a neglected parasitic disease.
Its cases are on a rise throughout the world. Researchers
are trying to reduce the resistance in the endemic areas,
using alternative strategies, including herbal medicine.
The results of the present study showed that the
methanolic extract of M. coromandelianum roots has
moderate activity against the L. tropica promastigotes at
250 (47%), 500 (50%), and 1000 pg/ml (67 %)
concentrations, owing to the presence of chemical
constituents such as, terpenoids, alkaloids, steroids, and
flavonoids. Dihydrobetulinic acid (terpene) has been
found to exhibit significant activity against visceral
leishmaniasis as it induces apoptosis in L. donovani
through its interaction with DNA topoisomerase | and 11
and inhibition of the DNA cleavage [48]. Flavonoids
have been reported to cause apoptosis in Leishmania
parasites through morphological changes in cells [49].
Several studies have demonstrated the Leishmanicidal
potential of quercetin, fisetin, 3-hydroxy flavone, and
luteolin [50]. The use of alkaloids against promastigotes

dates back to the 1980s, when berberine chloride was
found active against leishmaniasis. This compound
reportedly inhibits the respiration process in growing
amastigotes [46]. Results of the present study validate the
leishmanicidal potential of the methanolic extract of the
roots of M. coromandelianum, which indicates that the
secondary metabolites in the extract possess significant
Leishmanicidal properties. Thus, the roots of the plant
can prove to be one of the best sources of natural and safe
agents for the treatment of leishmaniasis [51].

Antioxidant activity

In preliminary exploration, the extract proved to
be a significant in vitro DPPH radical scavenger (78 %)
in a dose-dependent trend, in comparison to the standard
Ascorbic acid (88 %). Extensive research has shown that
medicinal plants have active phytochemical substances
such as flavonoids which may contribute to the
antioxidant potency. Furthermore, our findings suggest
the use of M. coromandelianum as a constituent in herbal
medicine for alleviating health conditions caused by
oxidative stress [52].

Anti-cancer activity

Anti-cancer potential of the crude extract was
evaluated against MG U87, malignant gliomas cell lines.
The extract was found to be weakly active against the
selected cancer cells. The control with no extract showed
100% survival rate. The survival rate decreased gradually
with increasing concentration. Minimum average
survival of the cells was achieved at 400 ug/ml (82.28
%). Oleic acid (HT-29), 9,12-octadecadienoic acid, and
other compounds, detected in the extract through GC-MS
analysis, have been reported for their anti-cancer activity
earlier. The results suggest that the roots of M.
coromandelianum can be a good source of molecules
with anti-cancer capabilities.

Hemolytic activity

In vitro hemolytic activity of the roots extract of
M. coromandelianum was performed at 250, 500, and
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1000 ug/ml concentrations, revealing that the roots of M.
coromandelianum are non-toxic even at high
concentrations, such as 1000 xg/ml (28.27%), indicating
that the root extract is very much safe, even at higher
concentrations. Furthermore, the hemolytic activity of
root extract is related to its chemical compositions. Thus,
it has no effect on the stability of the erythrocyte
membrane, making it non-toxic and suitable for the
development of herbal medicines that are involved in the
treatment of human ailments.

Conclusion

The current study was aimed at exploring the
chemical profile and biological potential of the roots of
M. coromandelianum. Preliminary studies revealed the
presence of a variety of phytochemical classes. The
presence of specific phytoconstituents was determined
with the help of by GC-MS analysis. Moreover, the crude
extract also exhibited good to moderate inhibitory
potential against selected fungal and bacterial strains. In
addition, the crude extract also exhibited anti-leishmanial
properties against the L. tropica promastigotes at
different concentrations. The extract was also found to be
an excellent source of radical scavengers, as indicated by
the results of DPPH radical scavenging assay.
Furthermore, the extract was found to be non-toxic to
human blood erythrocytes even at higher concentrations.
The plant thus holds potential for the discovery of non-
toxic phytomedicine. More in-depth studies on the plant
are highly recommended for the isolation of
pharmacologically important molecules which may
prove as lead molecules.
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