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Abstract: Drug resistance is one of the problems affecting
the world where drug-resistant Escherichia coli and
Klebsiella pneumoniae have been shown to be ubiquitous,
frequently isolated from foods and commonly associated
with surgical site infection in hospitals worldwide. The
aims of this work were to analyze the antibacterial
activity of root extracts of the plant obtained by serial
extraction (using petroleum ether, chloroform, methanol,
and water) and by in vitro techniques and preliminary
screen phytochemicals present in the extract by qualitative
means. Fresh roots of Plumbago indica were collected,
oven-dried, and extracted using Soxhlet apparatus; anti-
bacterial activity, minimum inhibitory concentrations
(MICs), and minimum bactericidal concentrations (MBCs)
of the active extract were evaluated by standard methods
against clinically isolated drug-resistant E. coli and K.
pneumoniae; preliminary phytochemical screening was
taken to detect the presence of alkaloids, saponins, flavo-
noids, steroids, tannins, reducing sugars, phenolics, pro-
tein, and oil and fat; and bioactive compounds were
detected by GCMS analysis of the active extracts.
Determination of antibacterial activity showed that the
test organisms were susceptible to methanol and aqueous
extracts only. MIC of methanolic extract was found to be
20 ug/mL on both E. coli and K. pneumoniae, while aqu-
eous extract had MIC of 10 and 20 pg/mL on E. coli and
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K. pneumoniae, respectively. Preliminary phytochemical
screening showed the presence of all the above-mentioned
phytochemicals except oil and fat. The significance of this
work is to find a lasting solution to the current problem of
emerging drug-resistant bacteria (E. coli and K. pneumo-
niae) through the use of extracts obtained from P. indica
which have long history of use as traditional medicine. The
methanolic and aqueous extract can be recommended as
an alternative and candidates for drug development
against drug-resistant E. coli and K. pneumoniae.
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1 Introduction

Infectious diseases are one of the leading causes of death
worldwide with an estimated death of about 50,000 every
year; this is further aggravated nowadays with the emer-
gence of new strains of multidrug-resistant strains of
microorganisms with bacteria found at forefront [1]. Majority
of such diseases affect all people irrespective of age, race,
gender, or social and economic status with increased mor-
tality and morbidity [2]. A lot of researchers nowadays are
required to be in a race to discover new drugs, antibiotics, or
preparations from different sources that can be used to solve
the problem of resistance so as to save humanity from the
threat of drug-resistant infectious diseases [3].

Bacteria are at the forefront of most infectious dis-
eases where members of the family Enterobacteriaceae
currently dominate the scene with Escherichia coli and
Klebsiella pneumoniae being the most active members
[4]. Most resistant strains are known to emerge initially
from hospital setting and spread to the general popula-
tion as nosocomial infections; the first known multidrug-
resistant strains were detected among the members of the
Enterobacteriaceae [5]. E. coli and K. pneumoniae are
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widely known to cause many infections such as those
affecting urinary tract, kidney, and lungs with increased
mortality and morbidity, which is coupled with excess
financial burden [6]. Multidrug-resistant Enterobacteriaceae
are regarded as the greatest threat to the entire world which
requires immediate attention to researchers [7].

Drug-resistant E. coli and K. pneumoniae have
recently been showed to be ubiquitous and frequently
isolated from foods including meat, poultry, milk, and
cheese [8], in addition to the most commonly isolated
bacteria associated with surgical site infection in hospi-
tals [9]. In European countries, the carbapenem resis-
tance in E. coli and K. pneumoniae was showed to be
higher in Greece, Italy, and Romania with respect to other
countries and its distribution was shown to be endemic in
USA, Brazil, China, Argentina, Colombia, and Taiwan [10].

Many efforts are put in place worldwide for effective
control of spread of multidrug resistance such as through
cohorting both patients and healthcare workers, which was,
however, showed to be expensive and challenging to imple-
ment [11]. Another approach was cefoxitin-based antibiotic
therapy, which was showed to be effective, but with pro-
longed therapy, financial burden, and long hospital stay [12].

In recent years, an increase in awareness on the use
of medicinal plants is gaining popularity due to their
promising nature against many commonly known and
newly emerging diseases [13]. Plants were showed to con-
tain large amount of phytochemicals which were believed
to play key roles in their medicinal properties due to their
valuable resources [14]. Plants have so many compounds
embedded within their leaves [15,16], stems and fruits
[17], nuts, and seeds [18] with good and safe medicinal
properties [19].

Medicinal plants proved to be of both medicinal
value as well as great economic importance as botanical
wealth from nature; in fact many people rely solely on
plant as source of medicine [20,21]. Crude extracts of
some medicinal plants have been showed to possess
good antimicrobial properties against many organisms
such as Staphylococcus aureus, Candida albicans, E. coli,
and K. pneumoniae with root extracts showing more pro-
mising result than latex from the plants [22]. Plants extracts
exert their effect on many microbes based on the fact that
they contain innumerable biologically active chemical con-
stituents that act in combination to exert damage to the
microorganisms [23]. Many civilizations have been using
various medicinal plants in the past and present to cater
for their health needs; the Chinese, Indians, Africans, Egyp-
tians, and Arabians have for long acquired knowledge in
medicinal plants and use it from ancient time, middle age,
and modern era in curing many diseases [24].
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Plumbago indica (also known as P. rosea or Indian
leadwort) belonging to the family Plumbaginaceae is an
evergreen perennial herb plant that can reach up to the
height of 1.5m and characterized with stems that some-
times undergo drooping and rooting. The plant is widely
found or scattered around the world, but mostly in tropical
Africa, Asia, and Pacific region; it is also commonly found
in south-eastern Asia and cultivated in other tropical
and subtropical regions where it can grow at elevation
up to 1,000 m. In India, the plant is commonly called
Laal Chitrak and usually cultivated for medicinal and
ornamental uses [25]. It is the most preferred plant in
West Bengal and Kerala as compared to its close rela-
tion (P. zeylanica); the root of the plant is used in tradi-
tional medicine to normalize intestinal flora, treatment
of skin diseases, opening of abscesses as well as influ-
enza and black water fever treatment [26].

The aims of this work were to analyze the antibacterial
activity of root extracts of the plant obtained by serial
extraction (using petroleum ether, chloroform, methanol,
and water) and by in vitro techniques and screen phyto-
chemicals present in the extract by qualitative means.
The significance of this work thus lies in finding a lasting
solution to the current problem of emerging drug-resis-
tant bacteria (E. coli and K. pneumoniae) through the use
of extracts obtained from medicinal plant (P. indica)
which have long history of use as traditional medicine,
which is further supported by in vitro technique as well as
gas chromatography mass spectroscopy.

2 Materials and methods

2.1 Sample collection

Fresh roots of Plumbago indica were collected from
Jalandhar, Punjab, India, and transported to research
laboratory, Lovely Professional University, Phagwara.
Authentication of the plant was carried out by expert
botanists and voucher specimen kept in laboratory for
future reference as per method reported earlier [27].

2.2 Sample processing

The plant sample was processed as per standard process-
ing methods reported earlier by other researchers [27,28].
The authenticated roots were carefully sorted out, thor-
oughly rinsed with distilled water, and then oven-dried
at a temperature of 40°C. The roots were then ground
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into fine particles using mechanical grinder. 30 g of the
powder was extracted by serial extraction method first
with petroleum ether, chloroform, methanol, and then
water with the aid of Soxhlet apparatus. Extracts were
concentrated using rotary evaporator and dried at low
temperature (40°C) in a hot air oven to ensure removal
of the remaining solvent.

2.3 Collection of test isolates

Drug-resistant isolates of Escherichia coli and Klebsiella
pneumoniae were collected from Johal Hospital Rama
mandi and Punjab Institute of Medical Sciences (PIMS),
Jalandhar. These were confirmed by testing with standard
antibiotics (imipenem and meropenem) using standard
method described earlier [29].

2.4 Standardization of inocula and
antibacterial activity test

The petroleum ether, chloroform, methanol, and aqueous
extracts were dissolved in dimethylsulfoxide and extract
concentration of 5 mg/mL was prepared as per standard
method [30]. Inoculum was prepared using protocol
reported earlier [31].

The antibacterial activity test of different extracts was
carried out using well diffusion method as per standard
protocol [29,32]. With the aid of sterile cotton swab, an
inoculum was taken from the standardized culture and
inoculated on a freshly prepared solidified Mueller—
Hinton agar and allowed to stand for about 15 min; this
was then followed by making wells into the inoculated
plates with the aid of 8 mm cork borer and extract con-
centration was dispensed into the well. The plates were
allowed for a pre-diffusion time of 15 min and then incu-
bated upright for 24 h at 37°C. Later, the zone of inhibi-
tion formed around the well was measured and plates
were photographed.

2.5 Determination of minimum inhibitory
concentrations (MICs) and minimum
bactericidal concentrations (MBCs)

The MIC was carried out by tube dilution assay as per the
method reported earlier [30,33,34] where extracts con-
centrations were made between 100 and 4 pg/mL through
mixing the extract with an inoculated double strength
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Mueller—Hinton broth followed by incubation at 37°C for
16-18 h. Evidence of growth in the broth was indicated by
presence of turbidity when compared with the control
tube. MIC was recorded as minimum concentration that
shows no evidence of growth in the tubes, while MBC
was determined by subculturing the growth-free tubes
on to extract—free Mueller-Hinton agar and incubated
for 18-20 h at 37°C.

2.6 Phytochemical analysis

Solvent extracts of P. indica (methanolic and aqueous
extracts) were subjected to phytochemical analysis by
standard method described earlier. Testing was carried
out for the presence of phytochemicals such as alkaloids,
saponins, flavonoids, steroids, tannins, reducing sugar,
phenolics, proteins, and oil and fats [20,35,36].

2.7 GCMS analysis

The methanolic and aqueous extracts of P. indica were
subjected to GCMS analysis as per standard protocols
reported earlier with some modifications [37,38]. The ana-
lysis was performed using SHIMADZU GCMS-TQ8040NX
with auto sampler AOC-20i plus interfaced to mass spec-
trometer and equipped with SH-RXi-5SilMS (cross bond
similar to 5% diphenyl/95% dimethyl polysiloxane) GC
capillary column (30mts x 0.25mm ID x 0.25um df).
The analysis was taken in electron impact mode with
ionization energy of 70 eV. Helium (99.99%) was used
as carrier gas with a flow rate of 0.97 mL/min, purge
flow of 3.0 mL/min, pressure of 62.7kPa, equilibrium
time of 0.5min, and linear velocity of 36.3 cm/s with a
split injection mode (at a ratio of 5:1). The injection tem-
perature and ion-source temperatures were maintained
at 250°C; the oven temperature was programmed from
80°C (holding time of 2 min) to 250°C (with 3 min holding
time at 250°C) at a ramp rate of 7°C/min with a solvent cut
time of 1 min. Samples were dissolved in methanol and
the mass spectra were taken at 70 eV at a scan range of
50-650 m/z. The GCMS running time was 29 min and rela-
tive percentage of each compound was obtained by com-
paring the average peak area to the total area of detected
compounds. The detected compounds were compared
with the database of National Institute of Standards
and Technology (NIST) and name, molecular weight,
and structure of each compound were obtained.
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Table 1: Antibacterial activity of root extracts of P. indica against drug-resistant E. coli and K. pneumoniae at 5 mg/mL

Isolates Zone of inhibition (mm) + SD

Petroleum ether Chloroform Methanol Water Positive control
E. coli NZI NZI 14.33 + 0.58 15.67 + 0.58 18.67 + 1.53
K. pneumoniae NZ| NZI 14.33 + 0.58 15.33 + 0.58 19.67 + 1.15

Positive control: Imipenem (10 pg/disk); NZI: No zone of inhibition.

2.8 Statistical analysis

All the experiments were performed in triplicates to mini-
mize experimental error while data were reported as
mean + SD (n = 3).

3 Results

3.1 Extract yield

The extraction process gave a yield of 0.17 g (0.57%),
0.18 g (0.60%), 1.32 g (4.40%), and 3.96 g (13.2%) of pet-
roleum ether, chloroform, methanol, and aqueous extracts,
respectively, from the original 30 g of the dried root sample
used. This showed that different solvents play significant
role in the extraction process due to variation in their
polarity levels.

3.2 Antibacterial activity test

At the end of the incubation period, the methanolic and
aqueous extracts were found to show antibacterial activity
on the tested isolates, while the extracts from petroleum
ether and chloroform were found to show no activity
against the drug-resistant E. coli and K. pneumoniae as
presented in Table 1. This different effect of extracts could
be the result of ability of the different solvents to extract
the bioactive constituents from the root of P. indica; most
of this ability is associated with the polarity of the solvent

Table 2: Minimum inhibitory concentration and minimum bacteri-
cidal concentration of methanolic and aqueous root extracts of
P. indica against drug-resistant E. coli and K. pneumoniae

Isolates MIC (pg/mL) MBC (pg/mL)
Methanol Water Methanol Water

E. coli 20 10 30 10

K. pneumoniae 20 20 20 20

as well as that of the phytoconstituents embedded within
the plant roots. As only methanolic and aqueous extracts
showed antibacterial activity against the test isolates,
they were subjected for further studies.

3.3 Determination of MIC and MBC

The MIC of the methanolic and aqueous root extracts of
P. indica was found to be 20 and 10 pg/mL, respectively,
on E. coli, while it was 20 pg/mL against K. pneumoniae on
both the extracts. On the other hand, the MBC for metha-
nolic and aqueous extracts against E. coli was found to be
30 and 10 pg/mL, respectively, while towards K. pneumo-
niae, it was recorded at 20 pg/mL for both extracts (Table 2).

3.4 Phytochemical screening

The phytochemical screening that was undertaken on
P. indica methanolic and aqueous extracts (qualitatively)

Table 3: Phytochemical composition of methanolic and aqueous
root extracts of P. indica

Test Methods Methanolic Aqueous
extract extract

Alkaloids Wagner’s test +++ +++
Mayer’s test ++ ++

Saponin Foam test ++ +++

Flavonoids Shinoda test ++ ++

Steroids Sulfuric ++ +++
acid test

Tannins 5% ferric ++ ++
chloride test

Carbohydrates Benedict’s test  +++ +++
Fehling test +++ +++

Phenolics Ferric + +
chloride test

Protein Biuret test ++ ++

Qil and fats Spot test — -

Key: +: presence, —: absence of tested phytochemical.
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revealed the presence of various plant secondary meta-
bolites in different quantities such as alkaloids, saponins,
flavonoids, steroids, tannins, reducing sugars, phenolics,
and protein, while oil and fat were found to be missing
from both extracts which could be the result of defat-
tening or removal of it by the initial two solvents used
during the extraction process (petroleum ether and
chloroform) as presented in Table 3. The relative amounts
of the phytochemicals in the extracts were found to vary
with respect to the type of the test taken (as in the case of
alkaloids).

3.5 GCMS analysis

The result of GCMS analysis of methanolic and aqueous
extracts of P. indica showed the presence of a variety of
compounds as mapped from NIST library. The gas chro-
matogram of the methanolic and aqueous root extracts of
P. indica showed various peaks with different retention time
(Figure 1). The methanolic extract showed the presence
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of many compounds with the prominent ones includ-
ing 2-pentadecyn-1-ol; 5-hydroxymethylfurfural; benzoic
acid, 4-hydroxy-; plumbagin; 2H-1-benzopyran-2-one,
3,4-dihydro-6-hydroxy-5,7-dimethyl-; 2-pentanone, 4-methyl-,
oxime; benzoic acid, 4-hydroxy-3,5-dimethoxy-; 3-methyl-4-
(2,3-dihydroxyphenyl)-4-oxo-butanoic acid; 2-quinoxali-
neacetic acid, 3-hydroxy-, hydrazide; n-hexadecanoic
acid; 6-octadecenoic acid, methyl ester, (Z)-; 9-octadece-
noic acid, (E)- and methylchromone present in the metha-
nolic root extract of P. indica, which correspond to 63.34%
of the total peak area of the chromatogram (Table 4).

The aqueous extract, on the other hand, showed many
compounds with the prominent ones including ethane,
1-chloro-2-nitro-; acetic acid; trimethylsilyl fluoride;
dimethylsulfoxonium formylmethylide; 4H-pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl-; benzoic acid; ben-
zoic acid, 4-hydroxy-; vanillic acid; 2H-1-benzopyran-2-
one, 3,4-dihydro-6-hydroxy-5,7-dimethyl-; r-(+)-ascorbic
acid 2,6-dihexadecanoate; (E)-3,3’-dimethoxy-4,4’-dihy-
droxystilbene; 1-cis-vaccenoylglycerol; cis-11-eicosena-
mide and corresponding to 82.67% of the total peak area
of the chromatogram (Table 5).
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Figure 1: Gas chromatography analysis of P. indica root extracts of methanolic (a) and aqueous (b) extracts.
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Table 4: Compounds identified in methanolic extract of P. indica by GCMS

Retention time Name of compound

Peak area % Molecular formula Molecular weight

1.085 2-Pentadecyn-1-ol 1.24 Cy5H,50 224
9.149 5-Hydroxymethylfurfural 2.36 CgHeO53 126
14.485 Benzoic acid, 4-hydroxy- 2.35 C;HeO03 138
16.404 Plumbagin 1.91 Cy1HgO3 188
17.834 2H-1-Benzopyran-2-one, 3,4-dihydro-6-hydroxy-5,7-dimethyl-  22.91 Cy3H1505 192
17.883 2-Pentanone, 4-methyl-, oxime 7.45 CgHi3NO 115
19.484 Benzoic acid, 4-hydroxy-3,5-dimethoxy- 1.15 CoH1005 198
20.311 3-Methyl-4-(2,3-dihydroxyphenyl)-4-oxo-butanoic acid 8.60 C11H1,05 224
21.071 2-Quinoxalineacetic acid, 3-hydroxy-, hydrazide 2.02 C10H10N40, 218
21.738 n-Hexadecanoic acid 5.74 C46H320, 256
23.678 6-Octadecenoic acid, methyl ester, (2)- 1.68 Cy9H360, 296
24.169 9-Octadecenoic acid, (E)- 4.61 CygH3,0, 282
24.519 Methylchromone 1.32 C10Hg0, 160

Table 5: Compounds identified in aqueous extract of P. indica by GCMS

Retention time Name of compound

Peak area % Molecular formula Molecular weight

1.492 Ethane, 1-chloro-2-nitro- 2.16 C,H,4CINO, 109
1.940 Acetic acid 1.55 C,H,0, 60

2.140 Trimethylsilyl fluoride 1.90 C3HoFSi 92

2.957 Dimethylsulfoxonium formylmethylide 53.36 C4Hg0,S 120
7.636 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 1.62 CgHgO, 144
7.788 Benzoic acid 1.55 C;H60, 122
14.346 Benzoic acid, 4-hydroxy- 1.65 C;He03 138
15.329 Vanillic acid 1.36 CgHgO4 168
17.777 2H-1-Benzopyran-2-one, 3,4-dihydro-6-hydroxy-5,7-dimethyl- 1.66 Cy3H1505 192
21.678 L-(+)-Ascorbic acid 2,6-dihexadecanoate 2.72 C3gHeg0g 652
24.446 (E)-3,3’-Dimethoxy-4,4’-dihydroxystilbene 9.32 C16H1604 272
26.145 1-Cis-vaccenoylglycerol 1.87 C21H4004 356
28.892 Cis-11-eicosenamide 1.95 C,oH39NO 309

Further, some of the identified molecules with reported
medicinal properties have been short-listed and the struc-
ture of these eluted compounds at different time and their
peaks at different m/z ratio by mass spectrometer which
serve as a fingerprint of each identified compounds are
shown in Figure 2.

4 Discussion

Over centuries, humans are in close proximity with plants
and their products to cater to their health needs in a
variety of forms. Almost all civilizations have used some
parts of plants to meet their health need which were
proved to be reliable, readily available, and safe for human
consumption [37]. Since ancient time to current date,

many civilizations are known for their extensive knowl-
edge on herbal medicine with India, China, Africa, and
Arabian Peninsula at the forefront in such knowledge
[20,24]. Many modern researches have also demonstrated
a valuable and promising future in plants research and
advocate their use in modern drug development. Studies
have shown many plants to possess high antibacterial and
antifungal properties and emphasize their use in drug
development [39,40]. Previous study has showed that dif-
ferent parts of the same plant such as root and latex have
different inhibitory effect on the same strain of microor-
ganisms [22].

P. indica is a plant that has been used traditionally
for the cure of various ailments; its roots are used for
normalizing intestinal flora, treatment of skin diseases,
influenza, and black water fever, and prevent accumula-
tion of triglyceride in liver and aorta [26]. However,
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Figure 2: Structures and mass spectra of compounds identified by mass spectrometer in methanolic and aqueous root extracts of P. indica.

unlike its close counterpart Plumbago zeylanica which
was widely investigated by modern research [41],
P. indica has been relatively less explored.

During this study, the antibacterial activity shown by
this plant against drug-resistant E. coli and K. pneumo-
niae is worth of note due to the fact that it supports
activity reported in the other member of Plumbaginaceae
family [42]. The present result of P. indica on the drug-
resistant E. coli and K. pneumoniae is found to be better
than that reported with P. zeylanica being a member of its
family [52]. The previous report on the use of leaves and
stem of P. indica as antibacterial agent against bacterial
isolates showed a promising result [43]. The present
study can be a breakthrough based on the fact that the
tested root extracts are active against drug-resistant clin-
ical isolates which are widely known problem of the
healthcare industry [44,45]. In addition, this plant has
also been reported to show other activities such as
antiviral and haemagglutination inhibition effect [46], anti-
microbial [47] and antifertility [48] activity indicating the
medicinal potential of this plant and these studies also
emphasize that the medicinal properties shown by this
plant are because of various phytocomponents present in it.

The preliminary phytochemical screening carried out
on this plant and the compounds detected (qualitatively)
showed that some of the results are in agreement with
earlier study, although such study employed a different
extraction method [49]; however, in the present study, oil
and fats were found to be missing in the methanolic
and aqueous extract mostly due to the fact that a serial
extraction technique was employed which make the
oil and fat to be removed by the initial two solvents

used (petroleum ether and chloroform). Some of the phyto-
chemical compounds identified by GCMS from both
extracts were earlier reported to have biological activi-
ties; 9-octadecenoic acid, (E)- and ir-(+)-ascorbic acid
2,6-dihexadecanoate were showed to have good antibac-
terial properties [50,51], 2-pentanone, 4-methyl-, oxime
and dimethylsulfoxonium formylmethylide have anti-
microbial activity [52,53], while 5-hydroxymethylfur-
fural, plumbagin, and (E)-3,3’-dimethoxy-4,4’-dihydrox-
ystilbene were showed to possess anticancer, antioxidant,
and antiparasitic activities [54-57]. Plants belonging to
Plumbaginaceae family are usually rich in plumbagin
which is a compound known for medicinal properties
[26]. The compound derived from P. indica was showed
to possess good antibacterial activity which is almost
similar to that of naphathoquinones and anthraquinones
[25]. During this study also, methanolic extract exhibited
the presence of plumbagin along with other important
compounds with medicinal properties. Many different stil-
bene compounds (3-bromo-3’, 5’-dimethoxystilbene-2-
nitrogen; 3-bromo-3’, 4’, 5’-trimethoxystilbene-2-nitrogen;
3-bromo-3’, 4’-dimemethoxystilbene-2-nitrogen; 3-bromo-
4’-hydroxy stilbene-2-nitrogen; 3-bromo-3’, 4’-dihydroxy
stilbene-2-nitrogen) were previously showed to be very
active compounds in most plant extracts as antimicrobials,
some of which were active at very low concentrations [58].
Presence of the above-mentioned compounds could be
the reason for the high antibacterial property with low
MIC as well as MBC [59]. A previous study conducted with
different plants also showed low MIC and MBC towards
resistant bacteria, which is consistent with the present
study [60].
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The versatility of plant in curing many diseases, easy
accessibility, and their low cost led to amplification of
usage in herbal medicine against many pathological dis-
eases [51]. Many of the biological activities of the P. indica
root extracts can thus be attributed to the known com-
pound or as a result of synergistic effect with other minor
compounds.

5 Conclusion

In this study, methanolic and aqueous extracts of
P. indica exhibited good antibacterial activity, with low
MIC and MBC towards drug-resistant E. coli and K. pneu-
moniae. These findings justify the use of these extracts as
herbal remedy for the treatment of drug-resistant E. coli
and K. pneumoniae. It also emphasizes on the potential
use of methanolic and aqueous extracts of P. indica to be
used for modern drug development against the tested
isolates. However, it is recommended to conduct detailed
studies such as in vivo confirmation of antimicrobial
activity, toxicity, and pharmacokinetic before its use in
medicine. In addition, the isolation of active molecules
can also be performed which will be very helpful in
modern drug designing.

Acknowledgments: We would like to thank the Tertiary
Education Trust Fund (TETFund) Nigeria, Federal University
Dutse Jigawa State-Nigeria, Lovely Professional University
Phagwara Punjab-India and Management of Punjab
Institute of Medical Sciences (PIMS) Jalandhar Punjab India.

Funding information: The authors state no funding involved.
Conflict of interest: The authors state no conflict of interest.

Data availability statement: The datasets generated dur-
ing and/or analyzed during the current study are available
from the corresponding author on reasonable request.

References

[1] Beg AZ, Ahmad I. Effect of Plumbago zeylanica extract and
certain curing agents on multidrug resistant bacteria of
clinical origin. World | Microbiol Biotechnol.
2000;16(8-9):841-4.

[2] Pham-Huy LA, He H, Pham-Huy C. Free radicals, antioxidants in
disease and health. Int ] Biomed Sci. 2008;4(2):89-96.

(5]

(6]

(7]

(8]

(10]

(11]

(13]

(14]

(15]

(16]

(17]

DE GRUYTER

Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M,
Monnet DL, et al. Discovery, research, and development of
new antibiotics: The WHO priority list of antibiotic-resistant
bacteria and tuberculosis. Lancet Infect Dis.
2018;18(3):318-27.

Datta S, Wattal C, Goel N, Oberoi JK, Raveendran R, Prasad K].
A ten year analysis of multi-drug resistant blood stream
infections caused by Escherichia coli & Klebsiella pneumoniae
in a tertiary care hospital. Indian ] Med Res.
2012;135(6):907-12.

Levy SB, Marshall B. Antibacterial resistance worldwide:
causes, challenges and responses. Nat Med. 2004;

10(12 Suppl):S122-9.

Hyun M, Lee JY, Kim HA, Ryu SY. Comparison of Escherichia coli
and Klebsiella pneumoniae acute pyelonephritis in Korean
patients. Infect Chemother. 2019;51(2):130-41.

Birgand G, Zahar JR, Lucet )C. Insight into the complex epide-
miology of multidrug-resistant enterobacteriaceae. Clin Infect
Dis. 2018;66(4):494-6.

Tepeli SO, Zorba NND. Frequency of extended-spectrum
B-lactamase (ESBL) — and AmpC B-lactamase - producing
enterobacteriaceae in a cheese production process. ) Dairy Sci.
2018;101(4):2906-14.

Jolivet S, Lescure F, Raffoul R, Dilly M, Ghodbane W, Nataf P,
et al. Surgical site infection with extended-spectrum B-lacta-
mase-producing enterobacteriaceae after cardiac surgery:
incidence and risk factors. Clin Microbiol Infect.
2018;24(3):283-8.

Sotgiu G, Are BM, Pesapane L, Palmieri A, Muresu N, Cossu A.
Nosocomial transmission of carbapenem-resistant Klebsiella
pneumoniae in an ltalian university hospital: a molecular
epidemiological study. ] Hosp Infect. 2018;99(4):413-8.
Legeay C, Thépot-Seegers V, Pailhoriés H, Hilliquin D, Zahar J-R.
Is cohorting the only solution to control carbapenemase-
producing enterobacteriaceae outbreaks? A single-centre
experience. ] Hosp Infect. 2018;99:390-5.

Demonchy E, Courjon J, Ughetto E, Durand M, Risso K,
Garraffo R, et al. Cefoxitin-based antibiotic therapy for
extended-spectrum B-lactamase-producing enterobacteria-
ceae prostatitis: a prospective pilot study. Int ] Antimicrob
Agents. 2018;51(6):836-41.

Abera A, Mekonnen A, Tebeka T. Studies on antioxidant and
antimicrobial activities of Plumbago zeylanica Linn. tradition-
ally used for the treatments of intestinal warms and skin dis-
eases in Ethiopia. Res ] Med Plant. 2015;9(6):252-63.
Geetha K, Kakarla S, Seru G. Screening of crude plant extracts
for anti-adipogenesis activity in 3T3-L1 cells. ] Pharm Res.
2014;8(1):81-6.

Blumberg J. Introduction to the proceedings of the third
international scientific symposium on tea and human

health: role of flavonoids in the diet. ) Nutr.
2003;133(10):S3244-6.

Elmastas M, Giil¢in I, Isildak O, Kiifrevioglu Oi, ibaoglu K,
Aboul-Enein HY. Radical scavenging activity and antioxidant
capacity of bay leaf extracts. ) Iran Chem Soc.
2006;3(3):258-66.

Xu ML, Wang L, Hu JH, Lee SK, Wang MH. Antioxidant activities
and related polyphenolic constituents of the methanol extract
fractions from Broussonetia papyrifera stem bark and wood.
Food Sci Biotechnol. 2010;19(3):677-82.



DE GRUYTER

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(33]

(34]

(35]

Sies H, Stahl W, Sundquist AR. Antioxidant functions of vita-
mins: Vitamin E and C, beta-carotene and other carotenoids.
Ann NY Acad Sci. 1992;20(7):669-89.

Kumar G, Karthik L, Bhaskara, Rao KV. A review on medicinal
properties of Elaeocarpus ganitrus Roxb.ex G. Don.
(Elaeocarpaceae). Res ] Pharm Technol. 2014;7(10):1184-6.
Bashir SF, Kawo AH, Bala JA, Dabai YU. In-vitro antibacterial
activities and preliminary phytochemical screening of the
aqueous and ethanolic extracts of Zingiber officinale. IFE ] Sci.
2013;15(1):93-9.

Manoranjan T, Thangarajah R, Thavaranjit AC. Antifungal
activity and qualitative phytochemical analysis of some med-
icinal plants in Jaffna (Sri Lanka). Int ) Org Chem.
2018;8(4):335-40.

Al-Sokari SS. In vitro antimicrobial activity of crude extracts of
some medicinal plants from Al-Baha region in Saudi Arabia.
J Food Nutr Sci. 2015;3(1-2):74-8.

Murugan M, Mohan VR. Antibacterial activity of Mucuna prur-
iens (L.) Dc. var. pruriens-an ethnomedicinal plant. Sci Res
Rep. 2011;1(2):69-72.

El Sheikha AF. Medicinal plants: ethno-uses to biotechnology
era. In: Malik S, editor. Biotechnology and production of anti-
cancer compounds. Switzerland: Springer International
Publishing AG. Part of Springer Nature, Cham; 2017. p. 1-38.
Kaewbumrung S, Panichayupakaranant P. Antibacterial
activity of plumbagin derivative-rich Plumbago indica root
extracts and chemical stability. Nat Prod Res.
2014;28(11):835-7.

Khare CP. Indian medicinal plants: an illustrated dictionary.
New York: Springer Science & Business Media; 2007.
Emamuzo ED, Miniakiri SI, Tedwin EJO, Ufouma O, Lucky M.
Analgesic and anti-inflammatory activities of the ethanol
extract of the leaves of Helianthus Annus in Wistar rats. Asian
Pac ) Trop Med. 2010;3(5):341-7.

Harborne JB. Phytochemical methods: a guide to modern techni-
ques of plant analysis. New York: Chapman and Hall Ltd.; 1973.
CLSI. Performance standards for antimicrobial susceptibility
testing. 26th. CLSI. Wayne, PA: Clinical and Laboratory
Standards Institute; 2016.

EUCAST. Determination of minimum inhibitory concentrations
(MICs) of antibacterial agents by broth dilution. Clin Microbiol
Infect. 2003;9(8):1-7.

McFarland J. The Nephelometer: An instrument for estimating
the number of bacteria in suspensions used for calculating the
opsonic index and for vaccines. ] Am Med Assoc. 1907;XLIX
(14):1176-8.

Bauer A, Kirby W, Sherris ), Turk M. Antibiotic susceptibility
testing by a standard single disc diffusion method. Am | Clin
Pathol. 1966;45(4):493-6.

Andrews JM. Determination of minimum inhibitory concentra-
tions. ] Antimicrob Chemother. 2001;48(suppl 1):5-16.
Malekinejad H, Bazargani-Gilani B, Tukmechi A, Ebrahimi H.
A cytotoxicity and comparative antibacterial study on the
effect of Zataria multiflora Boiss, Trachyspermum copticum
essential oils, and Enrofloxacin on Aeromonas hydrophila.
Avicenna ) Phytomed. 2012;2(4):188-95.

Ciulci I. Methodology for the analysis of vegetable drugs. Rom:
Chem Ind branch, Div Ind Oper UNIDO; 1994. p. 24-67.

Antibacterial activity of Plumbago indica root extracts

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

— 443

Sofowora A. Research on medicinal plants and traditional
medicine in Africa. ) Altern Complement Med.
1996;2(3):365-72.

Neelamegam R, Ezhilan B. GC-MS analysis of phytocompo-
nents in the ethanol extract of Polygonum chinense L.
Pharmacogn Res. 2012;4(1):11-5.

Kanthal LK, Dey A, Satyavathi K, Bhojaraju P. GC-MS analysis
of bio-active compounds in methanolic extract of Lactuca
runcinata DC. Pharmacogn Res. 2014;6(1):58-62.

Kalita S, Kumar G, Karthik L, Rao KVB. In vitro antioxidant and
DNA damage inhibition activity of aqueous extract of Lantana
camara L. (Verbenaceae) leaves. Asian Pac ] Trop Biomed.
2012;2(3 Suppl):S1675-9.

Mahdi-Pour B, Jothy SL, Latha LY, Chen Y, Sasidharan S.
Antioxidant activity of methanol extracts of different parts of
Lantana camara. Asian Pac | Trop Biomed. 2012;2(12):960-5.
Shweta S, Dubey S. Antimicrobial activity of leaves extract of
Plumbago Zeylanica plant against known drugs. Int ] Res Stud
Biosci. 2015;3(6):1-6.

Tharmaraj RJJM, Antonysamy JM. Screening of bactericidal
activity of selected Plumbago species against bacterial
pathogens. ) Microbiol Exp. 2015;2(6):194-200.

Saha D, Paul S. Antibacterial activity of Plumbago indica.
Turkish J Pharm Sci. 2014;11(2):217-22.

de Kraker MEA, Wolkewitz M, Davey PG, Koller W, Berger J,
Nagler ), et al. Burden of antimicrobial resistance in European
hospitals: excess mortality and length of hospital stay asso-
ciated with bloodstream infections due to Escherichia coli
resistant to third-generation cephalosporins. ] Antimicrob
Chemother. 2011;66(2):398-407.

Rosenkilde CEH, Munck C, Porse A, Linkevicius M,

Andersson DI, Sommer MOA. Collateral sensitivity constrains
resistance evolution of the CTX-M-15 B-lactamase. Nat
Commun. 2019;10(618):1-10.

Chavan RD, Shinde P, Girkar K, Madage R, Chowdhary A.
Assessment of Anti-Influenza activity and hemagglutination
inhibition of Plumbago indica and Allium sativum extracts.
Pharmacogn Res. 2016;8(2):105-11.

Rafa ZT, Fuad F, Islam R. Phytochemical and pharmacological
investigation of Plumbago indica L. ) Med Plants Stud.
2016;4(2):115-8.

Sheeja E, Joshi SB, Jain DC. Antifertility activity of stems of
Plumbago rosea in female albino rats. Pharm Biol.
2008;46(12):920-7.

Jenifer DR, Malathy BR. Phytochemical and antibacterial
activity of diverse solvent extract of leaf (Plumbago zeylanica).
Rasayan ] Chem. 2019;12(2):630-4.

Pu ZH, Zhang YQ, Yin ZQ, Xu J, Jia RY, Lu Y, et al. Antibacterial
activity of 9-octadecanoic acid-hexadecanoic acid-tetrahy-
drofuran-3,4-diyl ester from neem oil. Agric Sci China.
2010;9(8):1236-40.

Hadi MY, Mohammed GJ, Hameed IH. Analysis of bioactive
chemical compounds of Nigella sativa using gas chromato-
graphy-mass spectrometry. ] Pharmacogn Phyther.
2016;8(2):8-24.

Phuong TV, Lam PVH, Diep CN. Bioactive compounds from
marine streptomyces Sp. by gas chromatography-mass spec-
trometry. Pharm Chem ). 2018;5(1):196-203.



444 —— Salim Faruk Bashir and Gaurav Kumar

(53]

Paudel MR, Chand MB, Pant B, Pant B. Assessment of anti-
oxidant and cytotoxic activities of extracts of Dendrobium
crepidatum. Biomolecules. 2019;9(9):1-13.

Zhao L, Chen J, Su J, Li L, Hu S, Li B, et al. In vitro antioxidant
and antiproliferative activities of 5-hydroxymethylfurfural.

J Agric Food Chem. 2013;61(44):10604-11.

Jamal MS, Parveen S, Beg MA, Suhail M, Chaudhary AGA,
Damanhouri GA, et al. Anticancer compound plumbagin and its
molecular targets: a structural insight into the inhibitory
mechanisms using computational approaches. PLoS One.
2014;9(2):1-12.

Nawaz W, Zhou Z, Deng S, Ma X, Ma X, Li C, et al. Therapeutic
versatility of resveratrol derivatives. Nutrients.

2017;9:1188.

(57]

(58]

(59]

(60]

DE GRUYTER

Chrastina A, Baron VT, Abedinpour P, Rondeau G, Welsh J,
Borgstrom P. Plumbagin-loaded nanoemulsion drug

delivery formulation and evaluation of antiproliferative effect
on prostate cancer cells. Biomed Res Int. 2018;2018:9035452.
Reddy GC, Prakash SS, Diwakar L. Stilbene heterocycles:
Synthesis, antimicrobial, antioxidant and anticancer activities.
Pharma Innov J. 2015;3(12):24-30.

Manjulika Y, Kumar KD, Sanjukta C, Geeta W. Comparative
antibacterial efficacy of Swertia chirata and Colocasia
esculenta. Int ] Pharmacogn Phytochem Res. 2016;8(12):2016-9.
Aliyu AB, Musa AM, Abdullahi MS, Oyewale AO, Gwarzo US.
Activity of plant extracts used in Northern Nigerian traditional
medicine against methicillin-resistant Staphylococcus aureus
(Mrsa). Niger ] Pharm Sci. 2008;7(1):1-8.



	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 Sample processing
	2.3 Collection of test isolates
	2.4 Standardization of inocula and antibacterial activity test
	2.5 Determination of minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs)
	2.6 Phytochemical analysis
	2.7 GCMS analysis
	2.8 Statistical analysis

	3 Results
	3.1 Extract yield
	3.2 Antibacterial activity test
	3.3 Determination of MIC and MBC
	3.4 Phytochemical screening
	3.5 GCMS analysis

	4 Discussion
	5 Conclusion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


