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A B S T R A C T

The current study was designed to isolate and characterize some bioactive secondary metabolites by using
repeated chromatographic and spectroscopic techniques, targeting their anticancer, antimicrobial, and antioxi-
dant properties through in vitro and in silico approaches. Six compounds were isolated and analyzed by thin layer
chromatographic technique and the compounds were identified as 5-O-caffeoyl quinic acid (1), syringin (2),
luteolin (3), apigenin (4), jhanol (5), and jhanidiol (6) based on spectroscopic methods. The cytotoxic effect of
each compound was dose-dependent, and compound 1 showed a higher anti-proliferative effect (IC50 ¼ 181.3 μg/
ml) than other compounds (compound 2, 4, 5, and 6). Besides, compound 1 showed the most promising anti-
bacterial activity with a zone of inhibition ranges from 12–15 mm against different strains compared to cipro-
floxacin (14–22 mm). In contrast, compound 3 exerted the highest scavenging property against DPPH free radical.
Finally, the in vitro bioactivities were also supported by molecular docking studies. The computational study
demonstrated that the isolated compounds exerted stronger affinity compared to the standard drugs towards the
binding sites of dihydrofolate reductase (DHFR), glutathione reductase, and urase oxidase.
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1. Introduction

Since thousands of years ago, human civilization has been using
various plants as therapeutic weapons to treat numerous diseases based
on safe consumption. Nevertheless, screening of different medicinal
plants and their application in the treatment of multiple illnesses in-
creases with scientific development [1].

Stevia (Stevia rebaudiana Bertoni), a perennial shrub from the Aster-
aceae family, is native to South America. However, the plant is cultivated
worldwide, including in Bangladesh [2]. This plant has drawn economic
and scientific interest due to its natural, non-toxic, and nonmutagenic
sweetener properties. Due to the presence of several steviol glycosides in
its leaf, its sweetening potency is 200–300 times more than that of sucrose,
worth of use as a sugar substitute in the food and drug industry [2, 3]. The
leaves possess three main sweetening constituents namely stevioside,
rebaudioside A and C; those have ent-kaurene diterpene steviol skeleton
common in their structures [4, 5, 6]. Besides, some other glycosides such
as staviolbioside, isostaviol, labdane-type diterpenes sterebins E, H, N and
I were also found in this plant [7, 8]. In addition to glycosides, several
phenolic compounds, the key components for antioxidant property, were
also reported [9, 10]. The polyphenol compounds isolated from the plant
leaves are chlorogenic acids, esters molecules of polyphenols, including
hydroxycinnamic acids with quinic acid, which have excellent free radical
scavenging properties, and other numerous health benefits [11]. Apart
from its industrial applications, stevia has been found to be effective in the
management of diabetes, obesity, cancer, hypertension, dental carries and
infectious diseases [12, 13, 14]. Significant effect in alleviating kidney and
liver damage was reported earlier along with increments of insulin level in
Streptozotocin-induced diabetic rats [15]. A comprehensive review on the
plant has been reported mentioning its role in blood pressure regulation,
inflammatory bowel disease, renal function, glucoregulation, tumor and
obesity management [16]. Although several bioactivities of S. rebaudiana
extracts and some of the glycoside constituents have been reported, studies
on antimicrobial and anticancer potentials are very limited. Only very few
reports are found addressing antimicrobial and anticancer potentials of the
crude extracts [17, 18, 19]. In this regard, we have also recently reported
antimicrobial and antioxidant properties of different extracts of Stevia
rebaudiana [20].

To the best of our knowledge, none of the above study has isolated the
bioactive components that may exert these actions. Herein, we report the
isolation and characterization of some bioactive secondary metabolites
by using repeated chromatographic and spectroscopic techniques,
respectively targeting their antimicrobial, anticancer, and antioxidant
properties. Docking studies of the isolates were also performed with the
active site of dihydrofolate reductase (DHFR), glutathione reductase, and
urase oxidase to support the in vitro bioactivities.

2. Method and materials

2.1. Materials and instruments

HELA cell, DME medium, and 10% fetal bovine serum were purchased
from authorized suppliers and methotrexate, ciprofloxacin, fluconazole,
and ascorbic acid were obtained from Eskyf Pharmaceutical Limited,
Bangladesh. Biological biosafety cabinet (NU-400E, Nuaire, USA), CO2
incubator (Nuaire, USA), trinocular microscope with camera (Olympus,
Japan), and hemocytometer (Nexcelom, USA) were used to execute the
cytotoxicity test. A very safety environment was maintained to handle all
instruments and chemicals. Fresh leave of Stevia rebaudianawere collected
from BRAC cultivation center, Dhaka, Bangladesh in March 2018. The
exsiccated plant samples were identified by Principal Scientific Officer,
BangladeshNationalHerbarium,Mirpur,Dhakawhere a voucher specimen
has been deposited for future reference (accession number: DACB-38588).

The 1H and 13C NMR spectra were measured on a Burker AMX-400
operating at 400 MHz and 100 MHz for 1H and 13C, respectively.
Chemical shifts are expressed in δ (ppm) scale using tetramethylsilane as
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internal standard and coupling constants (J) are expressed in hertz (Hz).
Analytical thin layer chromatography (TLC) was carried out on pre-
coated (TLC Silica gel 60 F254- MerkKGa) plates. TLC spots were
screened under UV light (254 nm) and spraying with 10% H2SO4 and
anisaldehyde reagents followed by heating. Column chromatography
was carried out with powdered silica gel (Kieselgel 60, 230–400 mesh,
Merck KGaA, Dermstadt, Germany) and primarily packed in a glass col-
umn with a dimension of 5 � 60 cm. Preparative TLC plates were pre-
pared on a glass (20 � 20 cm) surface coated with slurry of silica gel.

2.2. Isolation of compounds

The dried and powdered fresh leaves (1 kg) were extracted with 70%
methanol with occasional shaking and stirring. The whole mixer was
then filtered through clean, white cotton followed by Whatman filter
paper no. 1. The filtrate was concentrated with a rotary evaporator. An
aliquot (100 g) of concentrated methanol extracts were fractionated by n-
hexane, dichlormethane and ethyl acetate and the resultant fractions
were evaporated to dryness to yield n-hexane Stevia rebaudiana (HSR),
dichloromethane Stevia rebaudiana (DSR) and ethyl acetate Stevia
rebaudiana (EtASR) soluble materials having 8%, 10% and 15% (w/w)
yield, respectively. The dried residues were then stored in a refrigerator
until further investigation. Based on the preliminary antimicrobial
screening [20], EtASR was chosen for further isolation and purification.
The EtASR fraction (3 g) was dissolved in methanol and mixed with small
amount of silica gel (mesh size 60–120, 3 g) to make a dry sample for
convenient application in column chromatography (CC). The dry sample
was then loaded on a clean and dry glass column (3� 40 cm) packedwith
silica gel (60–120 mesh size) and eluted with a mixture of solvents ethyl
acetate: acetic acid: water (8:1:1) with increasing polarity and 10 ml
elute was collected and monitored by thin layer chromatography (TLC).
After TLC pooling, a total 15 fractions were obtained. Fractions 5–10
were mixed together and repeated preparative Thin Layer Chromatog-
raphy (PTLC) was carried out to yield 5-O-caffeoyl quinic acid (1) 16 mg,
syringin (2) 15 mg, luteolin (3) 8 mg and apigenin (4) 14 mg. Again, the
n-hexane fraction (HSR) was subjected to silica column chromatography
using the solvent system of n-hexane and ethyl acetate at a ratio 9:1 for
elution. The test tubes number 46–53 gave same spot (5) and 60–72
numbers have identical spot (6) on TLC plate which were identified as
jhanol (5) 30 mg and jhanidiol (6) 25 mg, respectively.

2.3. MTT cell viability assay

The cell proliferation studies of compounds 1, 2, 4, 5 and 6 were
examined in Centre for Advanced Research in Sciences (CARS), Dhaka,
Bangladesh against HeLa cell line where Methotrexate was used as a
positive control with a series of concentration (62.5, 125 and 250 μL/
mL), DMEN (Dulbeco's modified eagles' medium) containing 1%
penicillin-streptomycin (1:1), 0.2% gentamycin, and 10% fetal bovine
serum (FBS) were maintained for HeLa cell, a human cervical carcinoma
cell line. HeLa cells were implanted onto a 96-well plate with 2 � 104

cells per well (100 μL) and incubated at 37 �C under a humidified at-
mosphere of 5% of CO2 for 24 h. Therefore, the five components (1, 2, 4,
5 and 6) and positive control (methotrexate) were dissolved in 2.5%
DMSO where DMSO was used as negative control. Components with a
series of concentration (62.5, 125, 250 and 500 μL/mL) and positive
control at the concentrations (25, 50 and 100 μL/mL) were added and
incubated for 48 h. After incubation using cell counting Kit-8 (CCK-8), a
non-radioactive colorimetric Cell Proliferation and Cytotoxicity assay kit
(Sigma-Aldrich, USA) was used for measuring cell viability. Duplicate
wells were used for each sample [21].

2.4. Antimicrobial assay

The initial screening of antimicrobial activity and minimum inhibi-
tory concentration (MIC) determination for the tested compounds were
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performed by using disc diffusion technique with different strains [22].
Thirteen bacterial standard strains and three fungal strains among which
five Gram-positive and eight Gram-negative strains were obtained from
the Biomedical research laboratory, University of Dhaka, Bangladesh.
The gram (þ)ve bacteria were Bacillus cereus, Bacillus megaterium, Bacillus
subtilis, Staphylococcus aureus, Sarcina lutea and the Gram (-)ve were
Escherichia coli, Pseudomonas aeruginosa, Salmonella paratyphi, Salmonella
typhi, Shigella boydii, Shigella dysenteriae, Vibrio mimicus, Vibrio para-
hemolyticus, and three unicellular fungi were Candida albicans, Aspergillus
niger, Sacharomycescerevacae used. Test samples were prepared using
sterile blank discs (6 mm) which were loaded with the test samples
dissolved in methanol at concentration of 250 μg/disc by a micropipette.
Ciprofloxacin (5 μg/disc) and fluconazole (5 μg/disc) were used as pos-
itive controls for antibacterial and antifungal activities, respectively. The
experiment was carried out in thrice and the mean diameter was taken.

2.5. DPPH free radical scavenging assay

The antioxidant activity of the isolated compounds was assessed by
utilizing the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scav-
enging assay method explained by Brand-Williams et al. [23]. However,
for the quantitative assay described by Sultana et al. [20], the diluted
stock solutions were spotted on a TLC plate, which was then run in the
proper solvent system for the appearance of the compounds at distinct
positions on the plate. Then the plate was sprayed with 0.02% (w/v)
DPPH in ethanol at room temperature. An apparent color change was
observed as DPPH was cleared out by the effect of these compounds,
detecting the potential antioxidant property of these compounds.

The spectroscopic method was further applied for quantitative mea-
surement of antioxidant property of these compounds by utilizing DPPH
free radical scavenging assay [20]. Initially, 2 ml of each sample (and
ascorbic acid as standard) concentrations ranged from 500 μg/mL to 1
μg/mL by serial dilution (500, 100, 50, 10, 5, 1 μg/mL) were mixed with
2 ml freshly prepared DPPH solution (0.004% w/v). The resulting solu-
tions were mixed in the test tubes carefully. After 30 min incubation in a
dark place at room temperature, the UV absorbance of these mixes was
recorded precisely against the blank solution (ethanol) at 517 nm
wavelength. The percentage of DPPH scavenging or % inhibition was
measured by using the following equation:

% Scavenging¼Ablank � Asample

Ablank
� 100% (1)

Where Ablank ¼ absorbance of the DPPH solution only prepared by
methanol as solvent and Asample ¼ Absorbance of the plant extract (test
sample) and ascorbic acid (standard) after reaction with DPPH solution.
The measurement was done in triplicate for accuracy. The % scavenging
of free radical was measured by utilizing equation number 1. A graph of
inhibition percentages (I%) against sample concentrations was plotted.
From the graph, 50% inhibitory concentration (IC50 value) was estimated
for each sample.

2.6. Molecular docking study

The widely used software packages (PyRx, PyMoL 2.3, Discovery
Studio 4.5, and Swiss PDB viewer) were utilized for computational
docking of the six isolated compounds.

2.6.1. Target protein selection
Docking analysis of the isolated compounds were accomplished to

understand the antibacterial, anticancer and antioxidant activities. For
studies of antibacterial and anticancer activities, dihydrofolate reductase
(DHFR) has been chosen as the target protein based on the biochemical
pathways and previous evidence [24, 25]. The three-dimensional (3D)
structure of the dihydrofolate reductase (DHFR) enzyme was retrieved
from the protein data bank (https://www.rcsb.org) with PDB ID 4M6J.
3

Besides, two other proteins with PDB ID 3GRS (Glutathione reductase)
and PDB ID 1R4U (Urase oxidase) were downloaded from the same
database (https://www.rcsb.org) for computational docking based on
previous evidence to evaluate the potential antioxidant property [26]. All
the proteins/receptors were saved in PDB format. The collected proteins
were made water and any unwanted ligand/residue free by running in
PyMoL 2.3. Then all the biomolecules were arranged by adding non-polar
hydrogen atoms and kept to the lowest energy state by applying for an
energy minimization program by Swiss PDB viewer for further analysis.

2.6.2. Ligand preparation
All the stated compounds (1 to 6) in Figure 1, namely, 5-O-caffeoyl

quinic acid, syringin, luteolin, apigenin, jhanol, and jhanidiol, respec-
tively, were searched and found in the PubChem database (https://p
ubchem.ncbi.nlm.nih.gov/). Then the ligands with their corresponding
standard drugs, including ciprofloxacin, methotrexate, and ascorbic acid,
for studying the comparative binding affinity to the target macromole-
cules, were downloaded and saved in 3D SDF format. These ligands were
loaded in the discovery studio 4.5 serially, including their PubChem CID.
It is noted that all the phytochemicals were optimized via Pm6 semi-
empirical method for enhancing the docking accuracy [27, 28].

2.6.3. Ligand-protein interaction
The current computer-aided ligand-protein interaction has been

sketched for predicting the possible binding profiling of the isolated
compounds with their binding affinities to the target molecules [28]. A
highly advanced PyRxAutodock Vina was utilized for this molecular
drug-protein linking process, where semiflexible modeling was applied
for the molecular docking. Firstly, the protein has been loaded and
formatted to target macromolecule, and the literature-based amino
acids with their ID were selected for ascertaining target-specific binding
of the ligands. For 4M6J target, Ala9, Ile16, Leu93, Ser92, Arg91,
Arg77, Glu78, Ser76, Leu75, Lys54, Val120, Ser119, Lys55, Thr56, Ser
118, Gly117, and for 1R4U, Arg 176, Val 227, Gln 228, Asn254, His 256
amino acid were picked for site targeted docking [26, 29]. Besides, Val
102, Lys 127, Asn 129, Lys 143, Gly 148, Ser 145, Ser 147, Asp 183, Val
130, Gln 131, and Thr 185 were selected for site-specific docking of
these isolated natural compounds with 3GRS protein for predicting
antioxidant effects [26]. Secondly, all the PDB files of the ligands were
imported and subsequently minimized into pdbqt format with Open
Bable tool in the PyRxAutoDock Vina software to fit the best optimal hit
during the docking against these chosen macromolecules. Thirdly, the
grid box was generated by keeping the active binding sites of the protein
within the center of the box where the grid mapping was set as center: X
¼ 7.4850, Y¼ 7.3500, Z ¼�18.6398, and dimension: X¼ 43.8582, Y¼
51.2793, Z ¼ 48.8257 during docking with DHFR protein. Besides, the
grid mapping was fixed center: X¼ 27.4790, Y¼ 50.2748, Z¼ 40.1613,
and dimension: X ¼ 31.7158, Y ¼ 37.2601, and Z ¼ 42.9295 for 1R4U
protein while the grid map was kept for 3GRS center: X ¼ 74.0693, Y ¼
51.4437, Z ¼ 25.0217, and dimension: X ¼ 24.7046, Y ¼ 25.0, Z ¼
29.9240. The rest of the parameters were set to be default settings
during the docking process. Then, the computer-aided molecular
docking of the ligands was performed under maintaining all necessary
conditions by utilizing AutoDock Vina (version 1.1.2) [29]. Finally, all
the docking analysis for extrapolating the best-fitted figures with 2D
and 3D configurations was conceived by using BIOVIA Discovery Studio
version 4.5.

2.7. Statistical analysis

The in-silico experiments were done triplicate, and the obtained re-
sults in the study were presented and explained as mean� standard error
of the mean. The standard errors for all the analyses were below 1%.
Besides, the data found from the in vitro antibacterial test were repre-
sented as mean � standard deviation (SD). All the statistical analyses
were performed in Microsoft Excel 2019 version.

https://www.rcsb.org
https://www.rcsb.org
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/


Figure 1. Isolated constituents from Stevia rebaudiana (1–6).
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3. Results

3.1. Isolation and characterization of compounds

Dried powder leaves of Stevia rebaudiana was extracted with 70%
methanol to isolate secondarymetabolites having potential antimicrobial
property. Significant antimicrobial activity was observed in the crude
extract which led to the further purification through partitioning into
different solvents (hexane, dichloromethane and ethylacetate) according
to their polarities. Among the fractions, EtASR fraction showed promi-
nent antibacterial activity in preliminary investigation which was sub-
sequently purified. Repeated chromatographic techniques yielded total
six compounds (Figure 1). The 1D and 2D spectral data of all the isolates
were compared with established values and were identified as 5-O-caf-
feoyl quinic acid (1), syringin (2), luteolin (3), apigenin (4), jhanol (5)
and jhanidiol (6) [30, 31, 32, 33]. The spectra obtained from NMR
analysis of the compounds and the single spot purity check-in TLC plate
with retardation factor (Rf) values were added in the supplementary file
(Figure S1 and Table S1, respectively).

3.2. Spectral data

5-O-Caffeoyl quinic acid (1): White amorphous powder, 1H NMR
(400MHz, CD3OD): δ 7.58 (1H, d, J¼ 15.9 Hz, H-70), 7.04 (1H, d, J¼ 2.0
Hz, H-20), 6.92 (1H, dd, J ¼ 8.0, 2.0 Hz, H-60), 6.77 (1H, d, J ¼ 8.0 Hz, H-
50), 6.24 (1H, d, J¼ 15.9 Hz, H-80), 5.34 (1H, brs, OH), 3.74 (1H, ddd, J¼
7.7, 2.9, 2.9 Hz, H-3), 3.66 (1H, dd, J¼ 6.9, 2.9 Hz, H-4), 2.05 (1H, m, H-
2ax), 2.01 (1H, m, H-6ax), 1.96 (1H, m, H-6eq), 1.90 (1H, m, H-2eq). 13C
NMR (100 MHz, CD3OD): δ 173.8 (C-7), 167.0 (C-90), 148.2 (C-40), 145.7
(C-30), 145.4 (C-70), 126.2 (C-10), 121.6 (C- 60), 115.1 (C-50), 114.3 (C-20),
113.8 (C-80), 71.2 (C-1), 70.7 (C-5), 69.3 (C-4), 67.7 (C-3), 36.4 (C-2),
34.7 (C-6).

Syringin (2): White crystalline solid, 1H NMR (400 MHz, CD3OD): δ
6.65 (2H, s, H-2& 6), 6.42 (1H, d, J¼ 16.0 Hz, H-7), 6.23 (1H, dt, J¼ 16
and 6.0 Hz, H-8), 4.78 (1H, d, J¼ 8.0 Hz, H-10), 4.11 (1 H, dd, J¼ 6.0 and
2.0 Hz, H-9), 3.75 (6H, s, OCH3-3 &-5), 3.65 (1H, dd, J ¼ 12 and 6.0 Hz,
H-60), 3.5 (1H, dd, J¼ 12 and 2.0 Hz, H-60), 3.48 (1H, m, H-40), 3.41 (1H,
m, H-30), 3.32 (1H, m, H-50) and 3.1 (1H, m, H-20).

Luteolin (3): Pale yellow needle like crystal, 1H NMR (400 MHz,
CD3OD): δ 7.30 (1H, m, overlapped, H-60), 7.30 (1H, m, overlapped, H-
20), 6.94 (1H, d, J ¼ 7.5 Hz, H-50), 6.68 (1H, s, H-3), 6.44 (1H, s, H-8),
6.11 (1H, s, H-6).

Apigenin (4): Pale yellow needle like crystal, 1H NMR (400 MHz,
CD3OD): δ 7.30 (1H, m, overlapped, H-60), 7.30 (1H, m, overlapped, H-
20), 6.94 (1H, d, J ¼ 7.5 Hz, H-50), 6.68 (1H, s, H-3), 6.44 (1H, s, H-8),
6.11 (1H, s, H-6).
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Jhanol (5): Needle like solid, 1H NMR (400 MHz, CDCl3): δ 5.91 (1H,
dd, J ¼ 17 and 12 Hz, H-14), 5.17 (1H, dd, J ¼ 18 and 2 Hz, H-15), 4.93
(1H, q, J ¼ 12 and 2 Hz, H-15), 3.43 (1H, d, J ¼ 11, H-19), 3.13 (1H, d, J
¼ 11, H-19), 2.34 (2H, m, H-12), 0.75 (3H, s, H-20), 0.85 (3H, s, H-18),
1.31 (3H, s, H-16), 1.35 (3H, s, H-17). 13C NMR (400 MHz, CDCl3): δ
37.6(C-1), 17.2(C-2), 36.9(C-3), 35.8(C-4), 49.9(C-5), 19.7(C-6), 42.4(C-
7), 73.3(C-8), 55.6(C-9), 35.2(C-10), 17.8(C-11), 35.9(C-12), 72.0(C-13),
147.5(C-14), 110.4(C-15), 27.5(C-16), 25.5(C-17), 74.9(C-18), 15.8(C-
19), 15.2(C-20).

Jhanidiol (6): Needle like solid, 1H NMR (400 MHz, CDCl3): δ 5.95
(1H, dd, J ¼ 17 and 12 Hz, H-14), 5.15 (1H, dd, J ¼ 17 and 2 Hz, H-15),
4.95 (1H, q, J¼ 12 and 2 Hz, H-15), 4.2 (1H, t, J¼ 4.8, H-1), 3.45 (1H, d,
J ¼ 11, H-19), 3.14 (1H, d, J ¼ 11, H-19), 1.35 (3H, s, H-16), 1.31 (3H, s,
H-17), 0.88 (3H, s, H-20), 0.80 (3H, s, H-18). 13C NMR (400 MHz,
CDCl3): δ 38.5(C-1), 17.2(C-2), 36.1(C-3), 36.8(C-4), 50.2(C-5), 20.03(C-
6), 42.66(C-7), 75.8(C-8), 56.1(C-9), 36.9(C-10), 19.1(C-11), 35.9(C-12),
73.3(C-13), 148.7(C-14), 111.3(C-15), 77.8(C-16), 26.1(C-17), 66.9(C-
18), 18.2(C-19), 15.7(C-20).
3.3. Evaluation of anticancer property

MTT assay was utilized to assess the anti-proliferative effect of the
five compounds on HeLa cells. The serially diluted concentrations of the
samples and the corresponding percentage of inhibitions against in HeLa
cell line were tabulated in Table 1. As representative examples, the cell
mortality at 500 mg/mL of each sample has been shown in Figure 2. The
IC50 values of the compounds and standard drug (methotrexate)
enumerated by using the regression line equation (log of concentration
vs. percentage of cell mortality) were also enlisted in Table 1. Among the
bioactive samples (1, 2, 4, 5, and 6), compound 1 exhibited the highest in
vitro cytotoxic effect (IC50¼ 181.3 μg/mL) against the cervical cancer cell
line followed by compound 2 (IC50 ¼ 194.4 μg/mL). The IC50 values of
compounds 4, 5, 6, and methotrexate were found 252.14, 298.86,
265.07, and 36.50 μg/mL, respectively.
3.4. Evaluation of antimicrobial activity

All the compounds exhibited mild to moderate activity against both
gram positive and gram-negative bacteria as compared with standard
ciprofloxacin. Among the isolates, compound 1 displayedmost promising
result with a range of zone of inhibition 12–15 mm. Compound 2 also
showed comparable antibacterial activity and other compound also
exhibited mild to moderate antibacterial activity against some strains.
However, no compound was effective against the fungus strains in
comparison with standard fluconazole (18–28 mm) (Table 2).



Table 1. In-vitro anti-proliferative effects with IC50 values of the isolated com-
pounds (1, 2, 4, 5, and 6) on HeLa cell line.

Compound No. Concentration
(μg/mL)

% of inhibition against
in HeLa cell line

IC50 value
(μg/mL)

Methotrexate 62.5 30.3 36.5

125 53.4

250 94.8

1 62.5 21.45 181.3

125 26.68

250 70.14

500 72.86

2 62.5 5.28 194.4

125 28.53

250 67.84

500 83.3

4 62.5 3.38 252.14

125 4.17

250 63.63

500 73.47

5 62.5 1.88 298.86

125 4.87

250 34.55

500 74.49

6 62.5 1.58 265.07

125 9.15

250 60.54

500 68.75

Control (DMSO) 2.5 – –

Note: DMSO ¼ Dimethyl sulfoxide.
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3.5. Evaluation of antioxidant property

All the phytochemicals except compound 2 showed significant anti-
oxidant properties. Compounds 3, 6, and 4 exhibited the most promising
antioxidant activities against DPPH free radical with IC50 values 8.93,
17.63, and 21.54 μg/mL, respectively, compared to the standard drug
ascorbic acid with IC50 ¼ 6.05 μg/mL (Table 3).
Figure 2. Anticancer potentialities of the isolated compounds (1 to 6) and the standa

5

3.6. Molecular docking studies

3.6.1. Dihydrofolate reductase (DHFR) inhibition
For a clear and better understanding of the molecular effects of these

isolated natural products on the above-mentioned biological target, the
computer-designedmolecular modeling study was performed by utilizing
suitable tools. The DHFR protein has a significant role in DNA synthesis
in the bacterial or human cell development process. To comprehend
antibacterial and anticancer potentialities, we have docked these prom-
ising drug candidates/ligands with DHFR enzyme and found surprising
docking profiles with high binding affinity compared to their respective
standard molecules (ciprofloxacin and methotrexate). Apparently, the
lower the binding energy, the higher the binding strength of the ligands
has been postulated. Besides, the extrapolated interaction profile having
a null RMSD (root mean square deviation) value represents the best
docking prediction [29].

All the drug candidates displayed higher binding affinity to the DHFR
protein with docking score �10.7 to �15.3 kcal/mol in comparison with
ciprofloxacin (�8.4 kcal/mol) and methotrexate (�9.0 kcal/mol).
Notably, 5-O-caffeoyl quinic acid exhibited the highest DHFR enzyme
affinity (�15.3 kcal/mol) among all the ligands involved in the study.
The order of the binding affinity might be noted here as like 5-O-caffeoyl
quinic acid > syringin > apigenin > luteolin > jhanidiol > jhanol >
methotrexate > ciprofloxacin (Table 4). The active binding sites of
compound 1 (5-O-caffeoyl quinic acid) were ASP 21, GLY 20, GLY 17,
ALA 9, GLU 30, LEU 22, THR 56, and SER 118, where compound 2
(syringin) showed its affinity towards GLU 30, ASN 64, ILE 16, TYR 16,
THR 56, GLY 117, VAL 115, PHE 34 in chain A. Similarly, all the binding
sites of the DHFR protein where these ligands interacted were shown in
Figure 3 (a-l).

3.6.2. Glutathione reductase and urase oxidase inhibition
All the compounds exhibited much better binding affinity (�6.4 to

�7.8 kcal/mol towards glutathione reductase and�7.3 to�8.3 kcal/mol
towards urase oxidase enzyme) than the standard drug ascorbic acid
(�5.7 and �5.3 kcal/mol towards glutathione reductase and urase oxi-
dase enzyme, respectively). Compounds 1 (�7.8 kcal/mol) and 3 (�7.8
kcal/mol) showed the most binding affinity towards the glutathione
reductase enzyme, while compounds 3 (�8.3 kcal/mol) and 4 (�8.1
kcal/mol) exhibited the highest docking score during interacting with
urase oxidase enzyme. The active binding sites of the glutathione
rd drug methotrexate under inverted light microscope at the dose of 500 (μg/ml).



Table 2. Antimicrobial activity of the compounds (1–6) against gram positive and gram negative bacteria.

Pathogens Zone of Inhibition (mean � SD; mm)

1 2 3 4 5 6 Ciprofloxacin

Gram positive

Bacillus cereus 14.7 � 0.11 12.7 � 0.3 – 10.2 � 0.11 – 10.3 � 0.18 17.2 � 0.23

Bacillus megaterium 15.3 � 0.48 12.4 � 0.23 10.0 � 0.66 11.1 � 0.32 – 10.8 � 0.21 16.8 � 0.14

Bacillus subtilis 12.7 � 0.52 – – – – – 15.8 � 0.44

Bacillus aureus 14.1 � 0.16 13.5 � 0.19 – – – – 18.1 � 0.14

Sarcina lutea 13.2 � 0.12 12.5 � 0.29 11.5 � 0.44 – – – 20.0 � 0.18

Gram negative

Escherichia coli 15.8 � 0.33 12.6 � 0.65 – 12.0 � 0.52 – – 21.2 � 0.23

Pseudomonas aeruginosa – – 10.7 � 0.32 – 10.5 � 0.26 – 14.4 � 0.14

Salmonella paratyphi 14.2 � 0.22 11.8 � 0.55 8.2 � 0.23 10.2 � 0.44 10.8 � 0.19 10.8 � 0.52 18.5 � 0.44

Salmonella typhi 12.1 � 0.33 12.7 � 0.66 9.3 � 0.32 10.8 � 0.44 – – 17.7 � 0.14

Shigella boydii 15.3 � 0.11 – – – – 11.2 � 0.67 18 � 0.18

Shigella dysenteriae 14.4 � 0.26 11.5 � 0.45 – – – – 19.5 � 0.33

Vibrio mimicus 13.3 � 0.77 – 10 � 0.74 11.5 � 0.53 – – 18.3 � 0.42

Vibrio parahemolyticus – 10.1 � 0.45 – 12.1 � 0.23 – – 20.0 � 0.41

Table 3. Antioxidant properties of the isolated compounds (1 to 6) and the
standard drug ascorbic acid with their IC50 (μg/mL) values.

Compound Code R2 IC50 (μg/mL)

1 0.9905 23.33

2 0.9859 174.16

3 0.9171 8.93

4 0.9258 21.54

5 0.9905 23.33

6 0.9791 17.63

Ascorbic acid 0.9142 6.05
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reductase for compound 1 were VAL 370, PRO 340, TYR 197, THR 57,
GLY 62, PHE 181, VAL 61, SER 177, ILE 198, ARG 291, ARG 291, ASP
331, LEU 337, CYS 58, THR 339, GLU 201, CYS 63, LEU 338, LYS 66, VAL
371, PHE 372 and for compound 3 were MET 202, GLU 201, LYS 66, ILE
198, CYS 63, PHE 372, VAL 371, THR 369, PRO 340, LEU 338, THR 339,
TYR 197, CYS 58, THR 57, ARG 291, VAL 61, PHE 181, SER 177, GLY 62
(Figure 4). Similarly, the active binding sites of the glutathione reductase
enzyme for all the compounds were shown in Figure 4(a-l). Moreover, the
binding sites of the urase oxidase enzyme for the compound 3 were VAL
73, THR 74, PRO 76, PRO 75, ARG 128, TRP 208, TRP 106, THR 107,
Table 4. Binding affinity or in silico docking scores (kcal/mol) of the isolated
compounds (1 to 6) from Stevia rebaudiana (Bert.) and the corresponding stan-
dard drugs during molecular interaction with dihydrofolate reductase (PDB ID
4M6J), glutathione reductase (PDB: 3GRS), and urase oxidase (1R4U) enzymes
for determining antibacterial, anticancer, and antioxidant potentialities.

Compound
No.

Compound Name PubChem
CID

Binding affinity
(kcal/mol)

4M6J 3GRS 1R4U

1 5-O-caffeoyl quinic
acid

5280633 �15.3 �7.8 �7.7

2 Syringin 5316860 �13.6 �6.4 �7.3

3 Luteolin 5280445 �12.6 �7.8 �8.3

4 Apigenin 5280443 �12.7 �7.7 �8.1

5 Jhanol 13996014 �10.7 �7.2 �7.7

6 Jhanidiol 15226315 �11.2 �7.4 �7.3

Standard Ciprofloxacin 2764 �8.4

Methotrexate 126941 �9.0

Ascorbic acid 54670067 �5.7 �5.3
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ARG 105, HIS 104, CYS 103, MET 32, GLU 31, TYR 30 (Figure 5).
Likewise, the active binding sites of the urase oxidase enzyme for all the
compounds were shown in Figure 5(a-l).

4. Discussion

A large number of potential efforts have been conducted to identify
the novel scaffolds from the plants that may help alleviate the global
threat of infectious disease. Plant contains a variety of secondary me-
tabolites among which phenolic compounds are considered of great in-
terests for their wide applications. Phenolics such as coumaric acid,
caffeic acid, ferulic acid, sinapic acid, tannins, flavonoids, glycosides etc.
are synthesized from the phenylpropanoid pathway in plants and
demonstrated antimicrobial properties [34, 35, 36]. Stevia rebaudiana
contains a wide variety of diterpene glycosides among which stevioside
(5–13%), rebaudioside A (2–4%), and rebaudioside C (1–2%) are the
main constituents imparting sweetening properties [37]. Apart from
these, minor constituents such as flavonoids, sterebins, chlorogenic acids,
triterpenes, volatile oils etc. have also been reported [38]. Present study
also added some valuable number of secondary metabolites in those lists.
To the best of our knowledge, this is the first time reporting of a phe-
nylpropanoid glycoside syringin (2) and jhanidiol (6) bearing diterpene
skeleton from Stevia leaves. In terms of total phenolic constituents, the
study finding is similar to a previous study where 80% ethanolic crude
extracts of S. rebaudiana leaves contains total phenolic concentration
with a range of 25–65 mg/g gallic acid equivalent [39].

In the cytotoxicity study (MTT cell viability assay), it has been indi-
cated that the compounds 1, 2, 4, 5, and 6 depicted growth inhibition
against HeLa cells in a dose dependent manner. Among the isolated
compounds, the compound 1 exhibited most profound effect on the HeLa
cell viability indicating its anticancer activity. Although the effect is
much lower compared to the standard drug Methotrexate, structural
modifications might lead to development of more potent analogues. In
some reported previous studies, aqueous and methanolic extracts of
Stevia rebaudiana and the diterpene glycosides along with their synthetic
congeners and their aglycone part steviol, isosteviol showed prominent
antimicrobial and antitubercular properties [40, 41, 42]. In our study, all
the isolates (1–6) displayed a significant zone of inhibition against a
variety of pathogens, which postulates the findings observed in the
previous studies. The present results further stipulate that the activity
observed by the extracts in the previous studies might be due to the
presence of the isolated constituents (1–6) from Stevia. To validate the
resulting pharmacological effect and to discern the exact mechanistic
pathway, molecular docking was also performed for the isolated



Figure 3. Graphical representation of the molecular interactions of the isolated
compounds with dihydrofolate reductase (DHFR; PDB ID: 4M6J) enzyme with
3D and 2D visualization (compound 1 ¼ a and b, compound 2 ¼ c and d,
compound 3 ¼ e and f, compound 4 ¼ g and h, compound 5 ¼ i and j, and
compound 6 ¼ k and l). It is noted here that the docking visualization for the
standard drugs were not displayed in the figure.

Figure 4. Graphical representation of the molecular interactions of the isolated
compounds with glutathione reductase (PDB ID: 3GRS) enzyme with 3D and 2D
visualization (compound 1 ¼ a and b, compound 2 ¼ c and d, compound 3 ¼ e
and f, compound 4 ¼ g and h, compound 5 ¼ i and j, and compound 6 ¼ k and
l). It is noted here that the docking visualization for the standard ascorbic acid
was not displayed in the figure.
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compounds. Interestingly, all the isolates showed significant binding
affinity towards the folate synthesizing enzyme DHFR.

More than 24 different chlorogenic acid derivatives have been iso-
lated from this plant [43]; among them 5-O-caffeoylquinic acid displayed
significant anti-proliferative and antimicrobial activities. The in vitro
study revealed that compound 1 showed the highest growth inhibition
against the HeLa cell line (IC50 value ¼ 181.3 μg/mL). Besides, com-
pound 1 also exhibited maximum binding affinity in the molecular
modeling study (binding energy ¼ �15.3 kcal/mol) against DHFR,
indicating potential anti-proliferative and antibacterial activity.



Figure 5. Graphical representation of the molecular interactions of the isolated
compounds with urase oxidase (PDB ID: 1R4U) enzyme with 3D and 2D visu-
alization (compound 1 ¼ a and b, compound 2 ¼ c and d, compound 3 ¼ e and f,
compound 4 ¼ g and h, compound 5 ¼ i and j, and compound 6 ¼ k and l). It is
noted here that the docking visualization for the standard ascorbic acid was not
displayed in the figure.
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Likewise, Sultana et al. [20] found promising antibacterial and antioxi-
dant activities of this similar plant leaf's n-hexane and ethyl acetate ex-
tracts. The effects of the isolated compounds against bacteria, cancer cell
lines and free radicals were consistent to the effects of the leaf extracts.
This might be assumed and predicted by due to dipole-dipole and H-bond
interaction with amino acids of targeted protein DHFR. It has been
further confirmed by the ribbon model of protein where compound 1
bound deeply inside the pocket of DHFR, which depicted its anticancer
and antimicrobial activities through the anti-metabolite pathway. A large
number of non-covalent H-bond and Pi-sigma interactions (Pi-alkyl)
which largely involves charge transfer help in intercalating the drug in
8

the binding site. These findings suggest high structural stability and may
lead to high inhibitory activity of compound 1 [44].

Syringin (2), a common phenylpropanoid glycoside was isolated
earlier from different plants [45, 46] has been isolated from this plant for
the first time. This compound exhibited remarkable in vitro anti-cancer
effect (IC50 ¼ 194.40 μg/mL, Table 1) and antimicrobial activity
against a variety of pathogens which has been further evinced by in silico
study (binding affinity �13.6 kcal/mol). In a previous report, it was
found that syringin isolated from Foeniculum vulgare showed significant in
vitro anti-proliferative effect against HeLa cell line [47]. As depicted in
Figure 2, compound 2 interacted strongly with its binding sites through
three conventional H-bonds and two pi-alkyl interactions.

Luteolin (3) and apigenin (4), have already exhibited antibacterial
potentiality [48]. The luteolin (3) involved two non-covalent H bonds
and two Pi bonds, while apigenin (4) has three H-bonds, two Pi-alkyl
bonds and one T shaped Pi-Pi stacking interaction (Figure 2). This
result indicates that apigenin (4) has more binding affinity towards
DHFR than luteolin (3) though the docking score in case of both com-
pounds were almost same (�12.6 kcal/mol and �12.7 kcal/mol for
compound 3 and 4, respectively). The higher inhibitory effect of com-
pound 4 compared to compound 3 might be attributed due to the high
binding affinity and deep binding pocket [49].

Jhanol (5), a labdane-type hydroxyditerpene was reported earlier
from the flower part of Stevia plants [41] possessed mild cytotoxicity and
antibacterial activity in in vitro studies. The binding energy towards
DHFRwas�10.7 kal/mol which could be due to non-covalent interaction
like Pi-Pi interaction. Meanwhile, the binding affinity of compound 6was
satisfactory with an estimated free binding energy of �11.2 kal/mol
(Figure 3) which might be responsible for its anticancer and antibacterial
activity. Interestingly, labdane type diterpenes 5 and 6 bound to the same
pocket of DHFR (Figure 3) and showed similar binding energy because of
their structural similarity.

It has been shown that apigenin (3) gave most promising antioxidant
effect (IC50 ¼ 8.93) than other compounds. This might be due to the
presence of multiple hydroxyl group as reported earlier in a previous
study [50]. Some sort of antioxidant activity was reported by 5-O-caffeol
quinic acid, luteolin and syringin (compound 1, 2, and 4) in some pre-
vious studies [51, 52, 53]. Our results also re-establish the previous re-
sults; however, we found less potent antioxidant action of syringin by
DPPH scavenging assay method compared to the reported data by Shen
and co-authors [52]. Likewise, we found potent antioxidant effect against
DPPH free radical in case of 5-O-caffeol-quinic acid compared to the
previous result reported by Kim et al. (IC50 ¼ 23.33 μg/mL vs. 37 μM)
[53]. Jhanol and jhanidiol also showed potent antioxidant activity. This
is the first DPPH scavenging report of these compounds. The capability to
scavenge DPPH could be accredited to the content of polyphenols, fla-
vonoids as well as alkaloids as accentuated in several reports [54, 55].
Redox properties are mainly responsible for this activity which could be
due to adsorbing and neutralizing free radicals, quenching singlet and
triplet oxygen or decomposing peroxides [56]. The in vitro antioxidant
activity was further supported by the docking study towards glutathione
reductase and urase oxidase enzyme as stated in Table 4.

5. Conclusion

Among the isolated molecules, compound 1 showed significant anti-
proliferative activity against HeLa cell and antibacterial activities against
various gram positive and gram-negative microorganisms. Other isolated
compounds also showed moderate to mild cytotoxicity and antibacterial
effects. On the other hand, compound 4 (apigenin) exerted strong anti-
oxidant effect compared to ascorbic acid. Compound 1 (5-O- caffeol
quinic acid), 3 (luteolin) and 6 (janidiol) showed moderate free radical
scavenging activity. This research work also demonstrated that the sec-
ondary metabolites isolated from this plant have different degrees of
affinity towards binding sites of target protein, DHFR, glutathione
reductase and urase oxidase responsible for anticancer and antimicrobial
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actions and antioxidant effects, respectively. The results of in-vitro cyto-
toxicity and antibacterial activity were clearly justified by computational
studies predicting plausible binding modes of the six compounds in the
active site of DHFR. Therefore, this study has established the plant spe-
cies as the potential source of anticancer, antibacterial and free radical
scavenging agents for the first time. Based on this study, we may assume
that the isolated compounds might be the lead compounds for develop-
ment of chemotherapy and antibacterial therapeutic agents though the
exact mechanism is not underlying yet and, the research should be car-
ried for improvement of semi-synthetic derivatives or better drugs to
combat cancer as well as various microbial infection.
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