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Communicated by Ramaswamy H. Sarma

ABSTRACT
In this study, the antimicrobial properties of Plumbago indica root bark against bacterial strains and a
fungal strain were investigatedusing the disc diffusion and minimum inhibitory concentration assays.
Gas chromatography/mass spectrometry, nuclear magnetic resonance spectrometry, and column chro-
matography analyses were conducted to identify and isolate the active compounds. A docking study
was performed to identify possible interactions between the active compound and DNA gyrase using
the Schr€odinger Glide docking program. Both methanol extract and the ethyl acetate fraction of the
root bark showed significant antimicrobial activity against the gram-positive bacteria than against the
gram-negative bacteria and the fungal strain. The active compound was identified as plumbagin. A
disc diffusion assay of plumbagin revealed potent antimicrobial activity against methicillin-resistant
Staphylococcus aureus. Molecular docking of plumbagin revealed high specificity towards the DNA
gyrase binding site with a high fitness score and a minimum energy barrier of �7.651 kcal/mol. These
findings indicate that P. indica exhibits significant antimicrobial activity, primarily due to the presence
of plumbagin. The specificity of plumbagin toward DNA gyrase in S. aureus indicates the feasibility of
utilizing P. indica for developing new drug leads against drug resistant microbial strain.

Abbreviations: CE: Catechin equivalent; GAE: Gallic acid equivalent; GC/MS: Gas chromatography/mass
spectrometry; HMBC: Heteronuclear multiple bond correlation; HSQC: Heteronuclear single quantum
coherence; MIC: Minimum inhibitory concentration; MRSA: Methicillin-resistant Staphylococcus aureus;
NMR: Nuclear magnetic resonance; TLC: Thin layer chromatography
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1. Introduction

The emergence of antimicrobial resistance to existing antibi-
otics is a growing public health concern (Llor & Bjerrum,
2014). Misuse of antibiotics and failure to discover new anti-
biotics (Vukovic et al., 2007) have led to the spread of multi-
drug-resistant bacteria (Pisano et al., 2019). These bacteria,
including both gram-negative and gram-positive bacteria
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneu-
moniae, Acinetobacter baumannii, Pseudomonas aeruginosa
and Enterobacter spp.), are frequently isolated in hospital set-
tings. These multidrug-resistant bacteria are responsible for
major nosocomial infectious outbreaks (Rice, 2008).

S. aureus, a gram-positive bacterium, exhibits unique drug
resistance; it has high resistance to the external environment
and other antibiotic agents (Ioannou et al., 2017).
Documented evidence suggests that the prevalence of S.
aureus resistance in Sri Lankan hospitals is the highest
among South Asian hospitals (McTavish et al., 2019). Thus,

developing treatments for diseases caused by Staphylococcus
species has become increasingly challenging for researchers
as they demonstrate a unique ability to rapidly develop a
resistance mechanism by spontaneous mutations and pass-
ing these traits by horizontal gene transfer, leading to posi-
tive selection. This development of drug resistance in
bacteria can cause various clinical complications varying
from superficial to serious life-threatening infections (Pantosti
et al., 2007). Moreover, the rapid evolution of bacteria leads
to an increase in antibiotic resistance. Hence, to increase the
quality of life of patients, it is vital to discover novel thera-
peutic compounds with low side effects. It is becoming
increasingly challenging for researchers to develop novel
antimicrobial agents with low virulence capabilities and posi-
tive broad-spectrum antibacterial activities against a wide
range of pathogens. Throughout history, mankind has used
plants as blueprints for drug development or as phytomedi-
cine for the treatment of various diseases. Thus plant-derived
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medicines have greatly contributed to human health
(Sudasinghe & Peiris, 2018) and well-being (Veeresham,
2012). Even today plant-based therapeutic solutions play an
essential role in the primary health care of 80% of the
world’s population (Ozioma & Chinwe, 2019).

The genus Plumbago of the family Plumbaginaceae
includes plants with high medical significance; it includes 3
species, namely P. indica, P. capensis, and P. zeylanica. Many
reports have been published on the pharmacological proper-
ties (anticancer, antitumor, anti-inflammatory, antioxidant,
and antimicrobial properties) of P. zeylanica; the entire plant
is used to treat various ailments. P. zeylanica is also effective
against rheumatic pain, sprains, scabies, skin diseases, and
wounds (Tripathi et al., 2012). It has been documented that
plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) isolated
from the roots and leaves of P. zeylanica exhibits pharmaco-
logical actions including anti-fertility, anti-parasitic, antitumor,
and anti-inflammatory effects (Chauhan, 2014; Sand et al.,
2012). P. indica L is a sub-scandent, perennial herb or small
shrub that can reach up to 2m high. Distribution is limited
to Southeast Asia, including Sri Lanka and various parts of
India (Devi et al., 1994). The medications are prescribed as
concentrated decoctions, medicated wines, and tablets
(Cheng et al., 2017). In Sri Lankan folk medicine, the root of
P. indica is used for the relief of dyspepsia, colic, cough, and
bronchitis (Lenora et al., 2012). A liniment prepared from the
roots and vegetable oil of this plant is used as a rubefacient
to treat rheumatism and headaches (Ravindran et al., 2017).
In this study, we isolated the bioactive compound from the
root bark of P. indica and evaluated its antimicrobial activity.

DNA gyrase, a type II family of topoisomerases, is an
essential enzyme for bacterial species to promote the super-
coiling of DNA to maintain DNA topology during replication.
Any disruption to DNA gyrase can interrupt the DNA synthe-
sis process and eventually induce cell death (Maxwell &
Lawson, 2003). Gyrases also work in combination with topo-
isomerase I to maintain the negative superhelical density of
bacterial chromosomes (Rovinskiy et al., 2012). Hence, DNA
gyrase is an attractive target for antibacterial drugs (Gibson
et al., 2018). Since gyrases are authenticated antimicrobial
targets, drug resistance has led to a search for novel com-
pounds that can inhibit DNA gyrases. Protein–ligand molecu-
lar modeling has become a vital tool to predict the
conformation of the protein–ligand complexes to enable
drug discovery. Virtual screening is a computer simulation
technique, which helps to confirm the binding of the recep-
tor–ligand complex, where the receptor is typically a protein
molecule and the ligand is either a small molecule or a pro-
tein (Hernndez-Santoyo et al., 2013). To predict molecular
docking, it is essential to select ligands with a natural con-
formation that can be efficiently bound with a protein of
interest (Heendeniya et al., 2020).

Despite the comprehensive information available in the
literature on P. zeylanica, only limited scientific studies have
been conducted on P. indica, especially on its root bark.
Moreover, no extensive isolation studies on P. indica have
been conducted. The current study aims to investigate the
antimicrobial activity of P. indica and to identify the active

compound/compounds with antimicrobial activity. Here, we
isolated plumbagin from P. indica. Therefore, protein–ligand
studies were conducted to determine possible interactions
between the bioactive compound and a known target pro-
tein. We specifically selected S. aureus for docking studies
due to its widespread antibiotic resistance and the high
inhibitory activity exhibited by both root bark extract
and plumbagin.

2. Materials and methods

2.1. Chemicals

All chemicals and the reagents were of analytical grade and
obtained from Sigma-Aldrich, Germany. Water, when used,
was distilled using the GFL distillation apparatus.

2.2. Plant material

P. indica roots were collected from the Institute of
Indigenous Medicine, Rajagiriya, Sri Lanka (6.9271� N,
79.8612� E) between January to December 2019 and authen-
ticated by Dr. Pathirage Kamal Perera, (Department of
Ayurveda Pharmacology and Pharmaceutics, Institute of
Indigenous Medicine, University of Colombo). A voucher spe-
cimen of P. indica was deposited under voucher number PI/
2018 in the herbarium at the institute.

2.3. Preparation of the extract

P. indica root barks were peeled, powdered (60 g), and sub-
jected to extraction with 99% methanol; the extract was fil-
tered and subsequently concentrated under reduced
pressure at 50 �C using a rotary evaporator, BUCHI,
Rotavapor, R-300 (New Castle, USA) at 130 rpm. The resulting
yield of the extract (28.80%) was further partitinated using
99% ethyl acetate and both fractions were stored at �20 �C
till further use.

2.4. Total phenolic content

The standard Folin–Ciocalteau method was adopted to deter-
mine the total phenolic content as per John et al. (2013).
Standard gallic acid solution was prepared (0.125, 0.25, 0.5,
1, 2, and 4mg/mL) with distilled water and 100 lL of each
concentration was added to an equal volume of ten-fold-
diluted Folin–Ciocalteau reagent, followed by addition of 2%
Na2CO3, in a test tube. The mixture was incubated for 2 h at
25 �C in the dark, and the absorbance was measured at
760 nm using a UV-visible spectrophotometer, Genesys 10S
UV-Vis (San Diego, USA) against a blank solution. The pro-
cedure was repeated for the methanol extract at a concen-
tration of 2mg/mL. The total phenolic content was
expressed in milligram gallic acid equivalent (GAE) per gram
of extract.

2 D. M. I. H. DISSANAYAKE ET AL.



2.5. Total tannin content

The total tannin content was determined using the catechin
method with slight modifications (Medini et al., 2014). Methanol
extract (1mL, 2mg/mL) was added to 3mL of 4% vanillin solu-
tion (in methanol) and 1.5mL concentrated HCl. After 15min of
incubation, the absorbance was measured at 500nm using a
spectrophotometer. A standard catechin solution was prepared
at concentrations ranging from 0.125–4.0mg/mL to obtain the
calibration curve. The condensed tannins were expressed as
milligram catechin equivalents (CE) per gram of extract.

2.6. Gas chromatography/mass spectrometry analysis

The methanol extraction and the ethyl acetate fraction was sub-
jected to gas chromatography/mass spectrometry (GC/MS) ana-
lysis, as described by Gunathilaka et al. (2019) using a Hewlett
Packard Gas Chromatograph (Agilent Technologies, Palo Alto, CA,
USA) equipped with a triple-axis detector and Hewlett Packard
7683 B series injector, MS transfer line temperature of 250 �C.
The GC was equipped with a fused silica capillary column: HP-
5ms (30� 0.25mm), film thickness of 1lm. The oven tempera-
ture was maintained at 50 �C for a 5min holding time and raised
from 50 to 250 �C at a rate of 2 �C/min, employing helium gas
(99.999%) at a constant flow rate of 22cm/s. One milligram of
extract (1mg dissolved in 1mL of methyl alcohol), at a split ratio
of 1:30, was injected. The GC-MS analysis was carried out on an
Agilent Technology Network Mass Spectrometer (model 5975
series) coupled to a Hewlett Packard Gas Chromatograph (Model
7890 series) equipped with the NIST08 library software database.
Mass spectra were obtained at 70eV/200 �C at a scanning rate
of 1 scan/s. The identification of compounds was conducted
using the NIST08 library database (Adams, 2001). The mass spec-
tra of individual unknown compounds were compared with that
of known compounds in the database.

2.7. Isolation of the active compound

P. indica powdered root bark (7.5 g) was extracted with
methanol (20mL) at RT overnight three times. The decanted
methanol extracts were combined and evaporated to dry-
ness. The resulting extract was partitioned between H2O
(15mL) and ethyl acetate (3� 5mL). The combined ethyl
acetate extracts were concentrated in vacuo and subjected
to chromatography on Sephadex LH20 with 4:1 methanol/
CH2Cl2 as the eluent. The test tube fractions were combined
according to thin layer chromatography (TLC) analysis and
the fractions generated screened against methicillin-resistant
Staphylococcus aureus (MRSA) in a disc diffusion assay.

2.8. Structural elucidation of plumbagin

Through analysis of standard 1D and 2D 1H, 13C, COSY60,
heteronuclear single quantum coherence (HSQC), heteronu-
clear multiple bond correlation (HMBC), and tROESY nuclear
magnetic resonance (NMR) spectra that were recorded in
dimethyl sulfoxide-d6 on a Bruker AV-600 spectrometer with
a 5mm CPTCI cryoprobe, a late eluting and the only active

fraction was identified as plumbagin. Plumbagin appeared to
be solely responsible for the activity observed in the crude
extract with zones of inhibition of 9 and 2mm at 40 and
5 mg/disc, respectively.1H NMR in DMSO-d6: 11.85 (s, 1H), 7.72
(t, J¼ 8.1 Hz, 1H), 7.52 (d, J¼ 8.1 Hz, 1H), 7.32 (d, J¼ 8.1 Hz,
1H), 6.89 (q, J¼ 1.4 Hz, 1H), 2.09 (d, J¼ 1.4 Hz, 3H) ppm; 13C
NMR in DMSO-d6: 190.1 (C), 184.4 (C), 160.0 (C), 149.3 (C),
136.5 (CH), 135.2 (CH), 132.0 (C), 123.7 (CH), 118.7 (CH), 114.9
(C), 16.0 (CH3) ppm; LRESIMS [MþNa] m/z 188.18.

2.9. Antimicrobial activity

2.9.1. Microbial cultures
An in vitro antimicrobial susceptibility test was performed for
both methanol extract and ethyl acetate fraction using the disc
diffusion method described by Rabe and van Staden (1997)
and minimum inhibitory concentration (MIC) was determined
(Eloff, 1998) for four strains of infectious bacteria strains (gram-
negative: Escherichia coli ATCC 25922 and P. aeruginosa ATCC
25853; gram-positive: S. aureus ATCC 25923 and Bacillus cereus
ATCC 11778; and the yeast: Candida albicans ATCC 10231).
Gentamycin, chloramphenicol, and fluconazole were respect-
ively used as the positive controls against the gram-positive
bacteria, gram-negative bacteria, and the fungal strain.

2.9.2. Disc diffusion assay
Mueller-Hinton agar was prepared and spread on sterile Petri
dishes and allowed to solidify. Sub-cultured bacterial and fungal
strains were swabbed on solidified agar plates. The overnight-
cultured microbial cell suspension was adjusted to 5� 108 CFU/
mL. Sterile filter paper discs (diameter: 6mm) were impregnated
with different concentrations of the extract, respective positive
controls, and an equal volume of methanol or the negative
control (Bandara et al., 2018). The plates were incubated at
37 �C for 24h. Upon incubation, the measurements of inhibition
zones were obtained for three replicates (n¼ 3).

2.9.3. Minimum inhibitory concentration
Strains with inhibition zones were considered sensitive to
the extract, and those without such a zone were considered
resistant. For the MIC assay, two-fold serial dilutions of the
extracts or the negative and positive controls (n¼ 3) were
performed. Each inoculum was prepared in its respective
medium, and density was adjusted to 0.5 Mcfarland standard
(108 CFU/mL) and diluted to 1:100 for the broth microdilu-
tion procedure. Microtiter plates were incubated at 37 �C,
and the MIC was recorded after 24 h. Microbial growth was
evaluated using a microplate reader (Spectra Max PLUS, San
Jose, CA, USA) at 620 nm wavelength. The MIC is the lowest
concentration of the compound at which the microorganism
tested does not demonstrate visible growth.

2.10. Protein–ligand study of plumbagin

Virtual screening was performed to predict the underlying
mechanism of the potent activity of S. aureus on plumbagin
(IUPAC name: 5-hydroxy-2-methyl-1,4-naphthoquinone). For the
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in silico antibacterial activity, the structure of the bacterial target
DNA gyrase inhibitor (PDB ID: 2XCT) was obtained from the
Protein data bank, and the 3D structure of the plumbagin mol-
ecule was obtained through PubChem (PubChem CID: 10205).

2.10.1. Protein preparation
The protein was prepared for docking using the BioLuminate
protein preparation wizard. The protein was optimized, and
energy minimization was conducted using the OPLS3 force field.

2.10.2. Active site prediction
Due to the large size of the macromolecule, it was difficult to
conduct a singular docking analysis of the entire protein.
Therefore, first, all potential active sites were mapped. The
SiteMap software (Schr€odinger, New York, NY, USA) analysis
revealed five such potential active sites regions on the protein.
Grid preparation was conducted for each of these potential
active sites.

2.10.3. Ligand preparation
The 3D structure of the plumbagin molecule was obtained
through PubChem (PubChem CID: 10205). The ligand was
prepared using LigPrep (Schr€odinger), and the OPLS3 force
field was applied to the ligand as well.

2.10.4. Docking analysis
The protein–ligand docking was performed using the
Schr€odinger Glide docking program (Schr€odinger). Flexible
ligand docking was utilized with the assumption that the
protein displayed a rigid body structure. For each active site,
the ligand pose with the most feasible Glide docking score
was selected. Two-dimensional analysis of the protein–ligand
complexes was performed using Discovery Studio 2017.

2.11. Statistical analysis

Statistical comparison of the data was performed using the
software Microsoft Office Excel, 2010, and Minitab 16 2.4.0
(Minitab Inc, State College, PA, USA). The results of the
experiments were expressed as the mean± standard devi-
ation (mean± SD) and the mean values were compared using
two-sample t-test. The probability value of p less than 0.05
was considered statistically significant (p< 0.05).

3. Results

3.1. Total phenolic and tannin contents

The tannin content (807.0±0.001mg CE/g) was higher than
the phenolic content (780.14 ±0.007mg GAE/g) in the metha-
nolic extract.

3.2. Gas chromatography/mass spectrometry analysis

Based on the retention time, absorbance spectra, and mass
spectrometric data, 12 bioactive compounds were identified

from the database of the NIST08 library. The highest compat-
ible peak area percentage (99%) confirmed the presence of
sterols (hexadecanoic acid methyl ester and 9-octadecenoic
acid methyl ester) as major constituents in the methanol
extract. The presence of other compounds corresponding to
the compatible peak area percentage was considerably lower
compared with that of unsaturated sterols (Figure 1).

Ten major compounds and eight compounds were identified
respectively in the methanol extract and the ethyl acetate frac-
tion of P. indica root bark (Table 1). The compounds in the
methanol extract include sec-Butyl isobutyl sulfide; 4-Amino-6-
hydroxypyrimidine; Pyridine, 4-(1,1-dimethylethyl); methyl 16-
methylheptadecanoate; Succinic acid, di(3,5-dimethylcyclohexyl)
ester; 8-Octadecenoic acid, methyl ester; 4-Hydroxypyridine 1-
oxide; Cyclohexane, 1,4-dimethyl-2-octadecyl; Hexadecanoic
acid, methyl ester; and 2,Thiophenecarboxylic acid, 3,5-dimethyl-
cyclohexyl ester. The compounds identified in the ethyl acetate
fraction were 3-O-(2-amino-4-((carboxyiminomethyl)amino)-
2,3,4,6-tetradeoxy-a-D-arabino-hexopyranosyl)-D-chiro-inositol;
N-[2,6-dimethyl-4-[(trimethylsilyl) oxy]phenyl]-1,1,1-trimethylsi-
lanamine; Bicyclo [3.1.0] hexan-2-ol, 5-methyl, (1. alpha., 2.
beta.,5.alpha.); 5-hydroxy-2-methyl-1,4-naphthalenedione; 1-
bromo-11-iodoundecane; 3,30-iminobispropylamine; behenic
alcohol; 1-octyn-3-ol.

3.3. Isolation of the active compound

The ethyl acetate fraction of the methanol extract of P. indica
root bark was combined according to TLC analysis. The com-
bined ethyl acetate fraction was then concentrated and chro-
matographed on Sephadex. The fractions were analyzed
using 1H, 13C, COSY60, HMBC, and t-ROSEY NMR spectra. The
recorded spectra are presented in Figure 2.

The only active fraction, which was eluted late, was identi-
fied as plumbagin or 5-hydroxy-2-methyl-1,4-naphthoqui-
none (Figure 3).

3.4. Antimicrobial activity

The antimicrobial activity of the methanol extract is pre-
sented in Table 2. The extract exhibited potent antibacterial
activities against the gram-positive bacteria with the highest
zone of inhibition produced against S. aureus (24mm), which
is close to that against the positive control (chloramphenicol:
28mm). An inhibition zone of 19.3mm was observed against
the fungal strain C. albicans compared to that against its
positive control fluconazole (25mm).

The ethyl acetate fraction exhibited highest antibacterial
activity against S. aureus (16.7mm) which was comparable
with the positive control used (Chloramphenicol: 20mm).
The second highest zone of inhibition was observed against
the fungal strain C. albicans (15mm) compared to its positive
control fluconazole (24mm).

Moreover, the MIC values obtained with the methanol
extract were high for the gram-negative strains (E. coli and P.
aeruginosa), whereas those for the gram-positive strains (S.
aureus and B. cereus) were the same. However, the MIC range
was the lowest for the fungal strain (Table 3). Similarly, the
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lowest MIC value was obtained with the fungus strain fol-
lowed by the gram-positive bacteria, S. aureus and B. cereus.
The highest MIC value was obtained for the gram-negative
bacteria, P. aeruginosa.

3.5. Disc diffusion assay against methicillin-resistant
S. aureus

As shown in Table 4, with increasing concentration of plum-
bagin, the zone of inhibition exhibited against MRSA

increased. Plumbagin appeared to be solely responsible for
the activity observed in the crude extract.

3.6. Docking experiment

Plumbagin is a hydroxy-1,4-naphthoquinone, that is, a 1,4-
naphthoquinone in which the hydrogens at positions 2 and
5 are substituted by methyl and hydroxy groups, respectively
(molecular formula: C11H8O3). To identify receptor–ligand
interaction between plumbagin and type II topoisomerase
(DNA gyrase) in S. aureus, SiteMap analysis was utilized to

Figure 1. Chromatograms obtained from the gas chromatography/mass spectrometry (GC/MS) analysis of the methanol extract (A) and the ethyl acetate fraction
(B) of Plumbago indica root bark.
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determine the potential active sites of ligand binding. Once
a potential site of interest is identified on the receptor, a
grid is generated within the site; to evaluate the orientation
of the ligand within the site, a function approximating the
ligand–protein binding energy is used. After the initial orien-
tation and scoring of the ligand, a simplex minimization is
used to reach the nearest local minimum of the energy
score, which serves as the final docked ligand.

The SiteMap software analysis revealed five potential
active sites (Figure 4(a–e)), with the most feasible docking
result in the second active site (Figure 4(b)), which formed a
complex with the plumbagin molecule with a Glide score of
�7.651 kcal/mol.

Two-dimensional analysis (Figure 5) of the active site
showed the involvement of van der Waal forces between the
ligand and three residues from the protein, namely, Arg, Gly,

and Lys. A single but strong hydrogen bonding was shown
to exist between the Arg residue and the ligand.

4. Discussion

A considerable proportion of the global plant population
remains unexplored but utilized in traditional medical disci-
plines to treat numerous diseases. The present study investi-
gates the antimicrobial properties of the methanol extract of
P. indica root bark.

Phenolic compounds are a large group of secondary
metabolites found in medicinal herbs, including phenolic
acids, flavonoids, tannins, coumarins, lignin, and quinones.
They exhibit cancer-preventive properties and the ability to
regulate carcinogen metabolism and ontogenesis expression
(Huang et al., 2010). Quantitative determination of

Table 1. Active compounds identified in the methanol extract and the ethyl acetate faction of the methanol extract of Plumbago indica root bark by chroma-
tography–mass spectrometry (GC–MS) analysis.

Retention time & % Similarity % Name
Molecular
formula

Molecular
Weight
(g/moL) Reported biological activity

Methanol extract
17.234
(0.554%)

9 sec-Butyl isobutyl sulfide C8H18S 146.29 Antimicrobial (Kyung, 2011)

18.189
(1.542%)

38 4-Amino-6-hydroxypyrimidine C4H5N3O 111.10 Antiviral (Hol�y, 2002)

18.453
(1.837%)

25 Pyridine, 4-(1,1-dimethylethyl) C9H13N3 135.20 Not reported

38.230
(2.571%)

93 methyl 16-methylheptadecanoate C19H38 O2 298.51 Antioxidant, Antimicrobial;
Anticancer (Seong Wei et al., 2011)

19.744
(4.887%)

42 Succinic acid, di(3,5-
dimethylcyclohexyl) ester

C20H34O4 338.48 Not reported

37.652
(5.276%)

99 8-Octadecenoic acid, methyl ester C19H36O2 296.5 Not reported

19.571
(5.813%)

50 4-Hydroxypyridine 1-oxide C5H5NO2 111.1 Antimicrobial and
anthelminthic (Jithin et al., 2012)

20.066
(6.520%)

32 Cyclohexane, 1,4-dimethyl-2-octadecyl C26H52 364.6911 Antimicrobial (Abo-Dahab, 2014)
Anticancer (Rivi�ere et al., 2010)

34.359
(8.070%)

99 Hexadecanoic acid, methyl ester C17H34O2 270.4507 Anti-oxidant,
Anticancer (Wei et al., 2011)
Antimicrobial (Akpuaka et al., 2013)

21.429
(8.097%)

38 2,Thiophenecarboxylic acid, 3,5-
dimethylcyclohexyl ester

C13H18O2S 238.35 Not reported

Ethyl acetate fraction
10.671
(6.030 %)

9 1-Octyn-3-ol C8H14O 126.2 Not recorded

13.061
(9.25 %)

53 3-O-(2-Amino-4-(carboxyiminomethyl)
amino)-2,3,4,6-tetradeoxy-a-D-
arabino-hexopyranosyl)-D-chiro-inositol

C14H25N3O9 379.36 Antimicrobial (Okuda & Tanaka, 1992)

15.102
(7.093 %)

96 Behenic alcohol
(Docosanol)

C22H46O 326.61 Not recorded

15.536
(52.901 %)

3 5-Hydroxy-2-methyl-1,4-naphthalenedione C11H8O3 188.04 Cytotoxicity (Kuete et al., 2016)
Antimicrobial (Chauhan, 2014;
Nair et al., 2016; S�anchez-Calvo et al., 2016)
Antimalarial (Likhitwitayawuid et al., 1998)
Leishmanicidal (Fournet et al., 1992)
Anti-Oxidant (Jayamathi &
Vishnupriya, 2010; Kumar et al., 2013)
Anti-Mutagenic (Kumar et al., 2013)
Anti-inflammatory (Luo et al., 2010)
Wound healing (Shao et al., 2019)

16.824
(36 %)

37 N-[2,6-Dimethyl-4-[(trimethylsilyl)oxy]
phenyl]-1,1,1-trimethylsilanamine

C14H27NOSi2 281.54 Not recorded

19.370
(8.928 %)

9 1-Bromo-11-iodoundecane C11H22BrI 361.1 Anti-bacterial (Gali et al., 2019)

22.322
(4.352 %)

17 3,30-Iminobispropylamine C6H17N3 131.21 Antimicrobial (Dybas et al., 1982)

28.550
(2.071 %)

Bicyclo [3.1.0] hexan-2-ol, 5-methyl-,
(1. alpha., 2. beta.,5.alpha)

C10H18O 154.2493 Not recorded
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phytochemicals indicated that the root bark of P. indica con-
tains considerably high amounts of polyphenolic and tannin
compounds. The phenolic content obtained in the current
study is in agreement with the results from previously pub-
lished studies (Eldhose et al., 2013). The total tannin content
in the extract is greater than the total phenolic compound
content. However, this is the first report on the total tannin
content in P. indica root barks, which is higher than the
reported values for other Plumbago species such as P. auricu-
lata and P. europaea (Jaradat et al., 2016). It is well estab-
lished that tannins and phenolic compounds can inhibit

pathogenic activities, primarily fungal infections, even at low
concentrations (de Andrade Monteiro & Ribeiro Alves dos
Santos, 2019). Hence, a high tannin content in the extract
may have resulted in potent antimicrobial activity, as
observed in this study.

GC-MS analysis of the methanol extract and the ethyl acet-
ate fraction of P. indica was conducted with the intention of
identification of the compounds which are potentially respon-
sible for the above antimicrobial properties. Among the identi-
fied compounds in the methanol extract, sec-Butyl isobutyl
sulfide (Kyung, 2011); methyl 16-methylheptadecanoate (Hol�y,

Figure 2. One and two-dimensional NMR spectra of Plumbago indica root bark. (A) 1H-NMR; (B) 13C-NMR; (C) COSY60-NMR; (D) HSQC-NMR; (E) t-ROSEY-NMR spec-
tra. The spectra were measured in dimethyl sulfoxide.
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2002); 4-Hydroxypyridine 1-oxide (Seong Wei et al., 2011);
Cyclohexane, 1,4-dimethyl-2-octadecyl (Jithin et al., 2012); and
Hexadecanoic acid, methyl ester (Akpuaka et al., 2013) and in
the ethyl acetate fraction, 3-O-(2-amino-4-((carboxyiminomethy-
l)amino)-2,3,4,6-tetradeoxy-a-D-arabino-hexopyranosyl)-D-chiro-
inositol (Okuda & Tanaka, 1992), 1-bromo-11-iodoundecane
(S�anchez-Calvo et al., 2016), 3,30-Iminobispropylamine (Dybas
et al., 1982) and 5-hydroxy-2-methyl-1,4-naphthoquinone
(Chauhan, 2014; Nair et al., 2016; S�anchez-Calvo et al., 2016)
are known to exhibit strong antibacterial activity.

The antimicrobial activity of the methanol extract and the
ethyl acetate fraction was assessed using the disk diffusion
and broth dilution assays. The zones of inhibition obtained
for the gram-positive bacteria (methanol extract - S. aureus:
24.0mm; B. cereus: 21.3mm and ethyl acetate fraction - S.
aureus: 16.7mm; B. cereus: 9.0mm) was higher than that for
the gram-negative bacteria (methanol extract - E coli: 18.7; P.
aeruginosa: 10.7mm and ethyl acetate - E coli: 10.0; P. aerugi-
nosa: 7.0mm) and the yeast strain; C. albicans (methanol
extract: 19.3mm and ethyl acetate fraction: 15.0mm). The
zones of inhibition exhibited by P. indica against the gram-
positive bacteria was approximately equivalent to that dem-
onstrated by the standard drug (chloramphenicol: 28 or
21mm). Gram-negative bacteria are more impermeable than
gram-positive bacteria to lipophilic solutes due to morpho-
logical differences such as the presence of a cell wall in the for-
mer. This may explain the lower susceptibility of the gram-
negative bacteria to antimicrobial agents (Palombo & Semple,
2001; Tadeg et al., 2005). In contrast, gram-positive bacteria are
more susceptible to lipophilic solutes as they only contain an
outer peptidoglycan layer, which is not an effective barrier
(Tadeg et al., 2005), thus rendering them more sensitive to anti-
microbial agents (Palombo & Semple, 2001).

According to the literature, an MIC value below 100lg/
mL for a plant extract is considered to indicate significant
antimicrobial activity. MIC values between 100–625 lg/mL
are considered moderate, and MIC > 625 lg/mL is consid-
ered to indicate low antimicrobial activity (Kuete, 2010). In
the current study, P. indica inhibited the growth of bacterial
strains at less than 15 lg/mL and that of the fungal strain at
less than 2 lg/mL for both methanol extract and ethyl acet-
ate fraction, indicating the high antimicrobial activity of the
root bark. The bacterial growth inhibition by the methanol
extract and the ethyl acetate fraction of P. indica was more
effective against gram-positive bacteria (S. aureus and B. cer-
eus), with a MIC value of 7.81 lg/mL, relative to gram-nega-
tive (E. coli and P. aeruginosa). A study conducted in
Bangladesh showed that a methanol extract of P. indica
inhibited the growth of a B. cereus strain at a dose of
31.25 lg/mL, S. aureus at 62.5lg/mL, and both P. aeruginosa
and E. coli at 125 lg/mL (Dibyajyoti & Swati, 2014). In con-
trast, the methanol extract of P. indica grown in Sri Lanka
exhibited more potent antibacterial activity owing to the dif-
ference in geographical region and climatic conditions. The
current study revealed that all microbial strains used in the
study were more susceptible to the methanol extract of P.
indica and its ethyl acetate fraction, than to the methanol
extract of P. zeylanica root bark.

Figure 3. Structure of the isolated compound 5-hydroxy-2-methyl-1,4-
naphthoquinone.

Table 2. Diameter of microbial growth inhibition (mm) exhibited by the methanol extract and the ethyl acetate fraction of Plumbago indica root bark against
different microbial strains.

Microbial strain

Methanol extraction Ethyl acetate fraction

Inhibition
diameter (mm)

Positive
controls (mm)

Inhibition
diameter (mm)

Positive
controls (mm)

Gram-negative bacteria
E. coli 18.7 ± 0.06 34.0 ± 0.09 10.0 ± 0.10 14.0 ± 0.30
P. aeruginosa 10.7 ± 0.03 25.0 ± 0.09 7.0 ± 0.03 20.0 ± 0.25
Gram-positive bacteria
S. aureus 24.0 ± 0.05 28.0 ± 0.07 16.7 ± 0.25 21.0 ± 0.06
B. cereus 21.3 ± 0.03 23.0 ± 0.09 9.0 ± 0.05 20.0 ± 0.04
Fungus strain
C. albicans 19.3 ± 0.08 25.0 ± 0.04 15.0 ± 0.1 24.0 ± 0.11

Data presented as the mean ± standard deviation; n¼ 4.

Table 3. Minimum inhibitory concentration (MIC) (lg/mL) exhibited by the
methanol extract and the ethyl acetate fraction of Plumbago indica root bark
against different microbial strains.

Microbial strain

MIC (lg/mL)

Methanol extract Ethyl acetate fraction

Gram-negative bacteria
E. coli 31.25<MIC < 15.625 62.5<MIC < 31.25
P. aeruginosa MIC > 250.0 250 >MIC > 125
Gram-positive bacteria
S. aureus 15.625<MIC < 7.812 15.625<MIC < 7.812
B. cereus 15.625<MIC < 7.812 62.5<MIC < 31.25
Fungus strain
C. albicans 1.95<MIC < 3.906 1.953<MIC < 3.906

Data presented as the mean ± standard deviation; n¼ 4.

Table 4. Zone of inhibition exhibited against methicillin-resistant
Staphylococcus aureus by plumbagin isolated from Plumbago indica root bark.

Concentration Inhibition diameter (mm)

5 mg/mL 2± 0.06
40 mg/mL 9

Data presented as the mean ± standard deviation; n¼ 4.
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The MIC of available antibiotics ranged from 15–107 lg/
mL (Cermak et al., 2017). However, in the present study, the
MIC exhibited by the methanol extract of P. indica ranged
from 7–16 lg/mL and by the ethyl acetate fraction ranged
from for both gram-positive bacteria and one gram-negative
bacterial strain. Hence, to overcome the predicament of
emerging drug-resistant bacteria, P. indica would be a prom-
ising alternate. This is the first report on a feasible molecular
docking analysis of the antimicrobial activity of plumbagin
isolated from the root bark of P. indica.

The structural elucidation of the active compound using
NMR analysis revealed only one active fraction, which was
identified as plumbagin or 5-hydroxy-2-methyl-1,4-naphtho-
quinone. The isolated compound also inhibited the growth
of MRSA. Previously, it was reported that plumbagin isolated
from P. zeylanica exhibited antimicrobial activity specifically
against S. aureus and C. albicans infections (Nair et al., 2016).
Although plumbagin has been isolated by several researchers
(Kapadia et al., 2005; Periasamy et al., 2019) from P. zeylanica,
this is the first report on plumbagin isolated from P. indica.

Amongst the bacteria strains used in the present study, P.
indica exhibited the highest antibacterial activity against S.
aureus; hence, this species was selected for further in-silico
analysis. DNA gyrase type II topoisomerase enzyme is a well-
known therapeutic target for antibacterial drugs (Hiasa,
2018). The current study uses DNA gyrase type II topoisomer-
ase to further understand the molecular mechanism of the
antibacterial activity of plumbagin.

Through in silico analysis, five potential active sites were
identified. Out of these five sites, the second active site
formed a complex with the plumbagin molecule with a Glide
score of �7.651 kcal/mol, which was found to be the min-
imum energy barrier. Similarly, 2D analysis of the active site
showed the involvement of van der Waal forces between the
ligand and three residues from the protein, namely, Arg, Gly,
and Lys. A single but strong hydrogen bonding was shown
to exist between the Arg residue and the ligand.

Figure 4. The two-dimensional interaction diagram for the protein–ligand complex, Interactions of the five active sites (a–e) situated within topoisomerase II DNA
gyrase in Staphylococcus aureus.

Figure 5. The three-dimensional surface structure of the topoisomerase II DNA
gyrase-plumbagin complex clearly shows plumbagin (green) occupying the
active site gorge via van der Waal forces (red).
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There are two molecules in the asymmetric unit, and they
have a slightly different geometry. The packing of the mole-
cules is due to van der Waals forces, and there are no inter-
molecular hydrogen bonds. The bond lengths and angles in
two molecules are almost normal and similar. The geometries
of those two molecules are such that each of the molecules
has an approximate pseudo center of inversion on C9-C10
(Dittrich et al., 2018).

Therefore, the present study verifies the claims of trad-
itional medicine regarding the antibacterial properties of P.
indica; further in vivo studies are suggested to understand
the therapeutic efficacy of the active compounds identified
in the study, which could be potentially be developed as
antimicrobial therapies.

In conclusion, this study provides information on the anti-
microbial potential of the methanol extract of P. indica root
bark and a tannin compound isolated from P. indica, which
exhibit potent activity essentially against MRSA. Topoisomerase
II DNA gyrase from a S. aureus strain was reviewed as a possible
target, and a correlation was obtained between the observed
inhibitory activity and the in silico molecular docking scores of
plumbagin. Moreover, 5-hydroxy-2-methyl-1,4-naphthoquinone
exhibited a strong interaction with the Arg residue, leading us
to consider plumbagin as a potential scaffold for improving
antibacterial activity. These results justify the popular use of P.
indica for the treatment of infections. However, further studies
are required to identify its possible mechanism of action and
efficacy in clinical settings.
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