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ABSTRACT

Aims: To evaluate antibacterial activity of aqueous, methanol, dichloromethane, and hexane
extracts of Artocarpus nobilis Thw. leaves and stem bark against Escherichia coli and
Staphylococcus aureus using agar well diffusion method.

Methodology: Matured fully expanded leaves and stem bark parts of Artocarpus nobilis were
collected, air-dried, and grounded. The extraction was obtained using a decoction extraction
method. Antibacterial activity was performed against Staphylococcus aureus (ATCC® 25923TM)
and Escherichia coli (ATCC® 25922TM) using agar well diffusion method and gentamicin was
used as a positive control. The whole experiment was done in triplicates and the diameter of the
inhibition zone (in mm) was measured and recorded.

Results: Results showed that aqueous bark extract (ECso 4.286 mg/mL) showed the highest
efficacy and potency against E. coli while methanol bark extract (ECsy 4.427 mg/mL) showed the
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against E. coli and S. aureus.

respectively. Further studies are
active constituents

Artocarpus nobilis.

highest efficacy and potency against S. aureus. R2 and P values for aqueous, methanol,
dichloromethane, and hexane extracts indicated that there was a strong, statistically significant
correlation (P < 0.05) between concentration and zone of inhibition for all extracts of A. nobilis

Conclusion: This study showed that aqueous and methanol bark extracts of Artocarpus nobilis
have marked in vitro dose-dependent antibacterial activity against E. coli and S. aureus
necessary
responsible for the antibacterial

to ascertain the mechanism and the
activity of the of plant parts of

Keywords: Artocarpus nobilis Thw; antibacterial activity; ethanomedicine; agar well diffusion method;
Escherichia coli; Staphylococcus aureus; Sri Lanka.

1. INTRODUCTION

There are many types of pathogenic
microorganisms such as bacteria, viruses,
parasites, and fungi that cause infectious

diseases. Since these infectious diseases are
very common among humans, implementation of
preventive measures is a timely requirement [1].
The discovery of anti-microbials is the best
preventive measure that was revealed in the last
century. Anti-microbial agents inhibit the growth
of pathogenic microorganisms by altering their
pathogenic mechanisms [2]. Due to poor
administration of anti-microbial drugs and
irrational use of antibiotics, microorganisms have
started to develop resistant mechanisms against
anti-microbial agents for their survival. As a
consequence, the effectiveness of anti-microbial
agents towards these pathogens got reduced. At
the same time this has become a global health
issue, scientists have started to investigate and
evaluate the effectiveness of many medicinal
plants to discover new anti-microbial agents [3-
8].

Plants are known to be rich sources of anti-
microbial agents since ancient time [9]. In most
of the studies, it has proven that compounds
derived from various parts of the plants have a
promising therapeutic effect mainly due to the
phytochemistry of the tree [10]. These
compounds are very beneficial in the treatment
of infectious diseases [11]. Out of many
medicinal plants, Artocarpus nobilis Thw. was
selected for the current study. Artocarpus nobilis
belongs to the family Moraceae with 40 genera
and 60 species [12, 13]. It is endemic to Sri
Lanka, and it is economically and medicinally
significant tree [14, 15]. Artocarpus nobilis Thw.
is often found in the wet zone, mid-country
homesteads, and wet zone of Sri Lanka [16]. It is
known in Sinhala as "Wal Del," "Badi Del," in
English as “Ceylon wild breadfruit” and in Tamil
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as “Aresini-pilaka”, “Asiri-pillakai” [17]. It is well-
known for its anti-helminthic and antibacterial
activities. Artocarpus nobilis also used in folk and
ayurvedic medicine in Sri Lanka. Edible fruits and
seeds are high in nutrients. Bark is used for
dysentery and muscle strain, bark and latex
combinations used for abscesses and blisters.
According to the literature A. nobilis is a rich
source of anti-microbial and anti-inflammatory
compounds but most of these properties have
not been scientifically explored. Previous studies
on the phytochemistry of the genus Artocarpus
has led to identification of many compounds like

flavonoids, geranyl chalcone derivatives,
geranylated phenolic constituents, stilbene
derivatives, xanthones, triterpenes  and
cycloartane-type triterpenoids carbohydrates,

protein, fibre, different ions, vitamin C, thiamine,
riboflavin, niacin, vitamin A, lutein and 3-carotene
etc. [18]. According to the folk and Ayurvedic
literature, texture of soil, amount of rain, the
average temperature of a particular area would
alter the quality and other aspects of a tree have
been mentioned [19]. Therefore, Sri Lankan
varieties of A. nobilis may also have variations in
therapeutic properties, quality, and quantity of
phytoconstituents according to the area where
the plant is grown. In addition to phytochemistry,
pharmacological properties such as anti-
inflammatory, radical scavenging, antioxidant
activity, fungicidal ability [15, 20, 21, 7, 8] and
acetylcholinesterase inhibitory activity have also
been investigated earlier [22].

Artocarpus nobilis has many anti-microbial
properties and this study mainly focused on its
antibacterial activity against intestinal infections
and wound infections. Enteric (intestinal)
infection is a very common condition that refers
to the infection in Gastrointestinal system caused
by microorganisms such as viruses (Norovirus,
Rotavirus), bacteria (E. coli, Salmonella,
Shigella, Campylobacter, Clostridium), and
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parasites (Giardia, Entamoeba, Ascaris) [23].
These diseases most frequently result from
consuming contaminated food or water, and
some can spread from person to person. Most of
the time infections of the intestines result in
diarrhoea or dysentery, nausea, vomiting, and
abdominal cramping [24]. According to the World
Health Organization [25] Escherichia coli, is the
commonest causative agent of moderate to
severe diarrhoea and food poisoning in
developing and low-income countries.
Escherichia coli is a Gram-negative bacterium,
and they are mammalian intestinal commensals
as well as pathogens [26]. Based on the above
information, Escherichia coli strain was used to
investigate the antibacterial effect of A. nobilis
against  gastrointestinal  infections.  When
considering the wound infection, it is one of the
most common hospital-acquired infections. The
International Wound Infection Institute [27]
defines wound infection as ‘the invasion of a
wound by proliferating microorganisms to a level
that causes a local and/or systemic response in
the host. In almost all cases wounds are
colonized with potential pathogens such as
Staphylococcus aureus, Pseudomonas
aeruginosa, and beta-haemolytic Streptococci
[28]. Among these pathogens S. aureus is the
most commonly identified pathogen responsible
for wound abscesses, skin, and soft tissue
infections [29]. Accordingly, to evaluate the
antibacterial on wound infections, this study was
selected  Staphylococcus  aureus.  In-vitro
antibacterial  activity against these two
organisms was evaluated using agar well
diffusion method.

2. METHODOLOGY

2.1 Plant Material Collection, Identifica-
tion, and Authentication

Well grown and fully expanded fresh leaves and
bark of Artocarpus nobilis Thw. (Bedi del / Wal
del) about 500g of each were collected at
flowering season from an estate in Gampaha
district in Western Province, Sri Lanka (Latitude
of 7° 23’ 59.99” N and Longitude of 79° 98
59.99”). Plants which were collected were
identified and authenticated by a Botanist at
National Herbarium, Peradeniya, Sri Lanka.
Organoleptic properties such as colour, odour,
and morphological characteristics such as
appearance, shape, size of the Artocarpus
nobilis Thw. (Bedi del / Wal del) were studied
carefully before collection of above plant
material.
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2.2 Preparation of Aqueous, Methanol,
Dichloromethane, and Hexane
Extracts of Artocarpus nobilis Thw.
(Bedi del / Wal del) Leaves and Bark

Using running tap water, selected plant materials
were thoroughly washed and air dried until a
constant weight was obtained. The dried leaves
and bark of Artocarpus nobilis Thw. were
grounded using a grinder to obtain a fine powder
material. For the extraction process, well dried
and blended powder samples of each plant
material were taken. The extraction was obtained
using a decoction extraction method. Using an
electronic balance 50 g of the fine powder was
weighed and added to 500 ml of solvent
measured using a measuring cylinder. This was
added to the decoction apparatus then it was
boiled slowly for 4 hours. The prepared extract
was left for cooling and then was concentrated
from the rotary vacuum evaporator into sterile
glass vials. The final concentrated solid mass of
the extracts was stored at 4°C in the freezer
compartment of the refrigerator until used for the
experiment.

2.3 Preparation of  Plant Extracts
Standard Concentration and Positive
Control

Serial dilutions vyielding concentrations of 1.25,
2.5, 5, 10, 20, 40, 60, 80 and 100 mg/mL were
prepared from the concentrated extracts
(aqueous, methanol, dichloromethane, and
hexane) [30]. Briefly, concentrated extracts from
in powder form first dissolved in DMSO and later
used Milli-Q water for preparation of serial
dilutions from the stock. Gentamicin was used as
the positive control of the study. It was prepared
by using commercially available 1V Gentamicin
(80 mg/2 ml) vial. 20 mg/ml of Gentamicin
solution was prepared as the final concentration
of the positive control.

2.4 Anti-Bacterial Activity Screening
using Agar Well Diffusion Method

Antibacterial activity was performed against
Gram positive Staphylococcus aureus (ATCC®
25923TM) and Gram-negative Escherichia coli
(ATCC® 25922TM) bacteria by using agar well
diffusion method [31, 24]. Bacterial suspension
was prepared according to the 0.5 McFarland
turbidity [32]. A sterile swab was dipped into the
inoculum and each of the test organisms were
spread on the separate Mueller Hinton Agar
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(MHA) plates (100 x 15 mm in size) by using
sterile swabs to obtain a confluent growth [2,
31] After that sterile stainless-steel cylinders
were used to make the wells of 6 mm in
diameter, 2.5mm deep and 2 cm apart from the
wall and each well on the plate [3]. Then Using
the sterile inoculation needle, wells were opened
and sealed the wells with sterile, melted MHA
agar 10ul. Then using micropipette, 100 pL of
each diluted extract solution was added into
opened wells [33]. Gentamicin was used as
positive control (Cl) [34]. Sterile DMSO was
used as negative control (C2) [35]. Plates were
incubated for 24 hours at 37 °C. After overnight
incubation, each of the inhibition zone diameters
for the extracts against Staphylococcus aureus
and Escherichia coli were measured and
recorded in millimeters. The whole experiment
was done in triplicates [3].

3. RESULTS AND DISCUSSION

Reports on anti-bacterial activity of A. nobilis are
limited and many of these studies have
conducted on the phytochemistry and few just to
find out the zone of inhibition against bacterial
pathogens. However, these studies have not
investigated the efficacy, potency, and dose
response relationship. Current study investigated
in vitro antibacterial activity and dose response of
aqueous, methanol, dichloromethane and
hexane extracts of leaves and bark of A. nobilis
which is only found in Sri Lanka.

According to the results obtained (Fig. 1),
dichloromethane bark extract of A. nobilis
showed potent antibacterial activity against E.coli
at concentration of 100 mg/ml with an inhibition
zone diameter of 22.33+0.33 mm. On the other
hand, methanol bark extract of A. nobilis showed
potent antibacterial activity against S. aureus at
concentration of 100 mg/ml with an inhibition
zone diameter of 25.66 = 0.33 mm. ECs, or the
'half maximum effective concentration is the drug
concentration required to provide the half of the
maximum possible effect. ECg, values were
obtained using Graphpad Prism 8 (version 8.2.1).
As shown in Table 1, ECsy values of leaves
extracts against E. coli as follows. Hexane (4.398
mg/mL) > methanol (4.608 mg/mL) > aqueous
(8.50 mg/mL) > dichloromethane (29.96 mg/mL).
Antibacterial activity of bark extracts against E.
coli aqueous (4.286 mg/mL) > methanol (4.976
mg/mL) > dichloromethane (5.959 mg/mL) >
hexane (8.95 mg/mL). When comparing both
leaves and bark extracts, aqueous bark extract
(4.286 mg/mL) showed the highest potency.
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According to Table 2, Antibacterial activity of
leaves extracts against S. aureus methanol
(6.101mg/mL) > aqueous (13.26 mg/mL) >
dichloromethane (13.5 mg/mL) > hexane (29.36
mg/mL). Antibacterial activity of bark extracts
against S. aureus methanol (4.427 mg/mL) >
dichloromethane (5.373 mg/mL) > hexane (32.92
mg/mL) > aqueous (65.71 mg/mL). When
comparing both leaves and bark extracts,
methanol bark extract (4.286 mg/mL) showed the
highest potency.

According to results in Table (1) and dose-
response curve (Fig. 2), aqueous bark extract
has the highest antibacterial efficacy and
agueous leaves extract has the lowest
antibacterial efficacy against E. coli. On the other
hand, results in Table (2) and dose-response
curve (Fig. 3) shows, methanol bark extract has
the highest antibacterial efficacy and hexane
bark extract has the lowest antibacterial efficacy
against S. aureus. According to the R2 and P
values shown in Tables (1, 2) and (1, 2) there
was a strong positive statistically significant
correlation (P = 0.05) between concentration and
zone of inhibition by all the extracts of plant A.
nobilis against E. coli and S. aureus. P values
and R? values were obtained using Graphpad
Prism 8 (version 8.2.1).

According to the literature of folk and ayurvedic
medicine, A. nobilis has antibacterial activity
against gastrointestinal infections as well as it is
used to treat wounds and blisters. To evaluate
these properties, Gram-negative E. coli (ATCC
25922) and Gram-positive S. aureus (ATCC
25923) were selected respectively. Antibacterial
activity was evaluated using agar well diffusion
method [36, 25]. Generally, for antibacterial
investigations of plant extracts methanol and
agueous extracts are considered as the best.
Therefore, we have used aqueous and methanol
extracts along with dichloromethane and hexane
because solubility of active compounds differs
with the solvent polarity [37]. The presence of
phytoconstituents and secondary metabolites in
the extracts, the method used for the extraction
(decoction method) and the types of solvents
used for the extraction process might contribute
immensely for obtaining this positive antibacterial
activity against E. coli and S. aureus. Extracts
were rich in phytochemicals which regulate the

antibacterial  activity  including  xanthone,
xanthoangelol, terpenoids, stilbene, phenols,
flavonoids, and flavone [38,11,12,14,16,17].

Flavonoids act against bacteria utilizing several
mechanisms. Inhibition of nucleic acid synthesis,
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inhibition of cytoplasmic membrane function,
inhibition of the porin on the cell membrane and
inhibition of the porin on the cell membrane are
some well-known examples [39]. Xanthones and
xanthone derivatives can serve as antibacterial
and antioxidants by disrupting bacterial cell
membranes. It induces the release of lipoteichoic
acid (LTA) from the cell wall of Gram-positive
bacteria, which are covalently bonded to the
outside of peptidoglycan that is used in bacterial
cell division and osmotic defense [40] while
stilbene compounds exert its antibacterial activity
by interfering with the membrane stability and

Plate 1

permeability of the bacterial cells [41]. At the
same time, it is important to mention that there is
a new emerging area of research where bacterial
chaperones have been used as a novel
antimicrobial target and development of novel
anti microbials. Hence it is important to
investigate the effect of these compounds
against chaperone activity as well. Anti-
inflammatory activity by plant extracts may be
mediated through possible anti-bacterial activity,
presence of anti-bacterial activity as shown in
this study may be taken as evidence of possible
anti-inflammatory activity [13, 42,43,44].

Plate 2

Fig. 1. The antibacterial activity testing results of dichloromethane bark extracts of Artocarpus

nobilis against S. aureus (top panel) and Methanol Leaves extract against E. coli (bottom
panel) is shown here. Clis the positive control and C2 negative control

Table 1. Dose-response curve details for methanol, dichloromethane, and hexane leaves and
bark extract samples of A. nobilis Thw plant parts against E. coli, Average values are shown,

(N=3)
Escherichia Aqueous Methanol Dichloromethane  Hexane extracts
coli extracts extracts extracts
Bark Leaves Bark Leaves Bark Leaves  Bark Leaves
EC50 (mg/mL) 4.286  8.50 4976  4.608 5.959 29.96 8.95 4.398
R-squared 0.9495 0.9774 0.9552 0.9735 0.9758 0.7896 0.9471  0.9456
P value P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
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Table 2. Dose-response curve details for methanol, dichloromethane, and hexane leaves and
bark extract samples of A. nobilis Thw plant parts against S. aureus, Average values are

shown, (N = 3)
Staphylococcus Aqueous Methanol Dichloromethane  Hexane extracts
aureus extracts extracts extracts
Bark Leaves Bark Leaves Bark Leaves Bark Leaves
EC50 (mg/mL) 65.71 13.26 4,427 6.101 5.373 13.5 32.92 29.36
R-squared 0.6425 0.9448 0.9552 0.9735 0.9673 0.8603 0.9975 0.8133
P value P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
] -8 Methanol Bark - E coli
100 % Hexane Bark - E coli
] DCM Bark - E coli
S Aqueous Bark - E coli
é % Methanol Leaf - E Coli
g -9~ Hexane Leaf - E coli
= % DCM Leaf - E coli
g _ Aqueous Leaf - E coli
S 5
f:
£
2
1.5 2.0 25
log Concentration of Extract

Fig. 2. Dose-response curve for different extracts of A. nobilis plant parts (leaves and bark)
against E. coli. (Normalized zone of Inhibition measured in mm) Error bar represent the

standard error of mean

100+

-~ Methanol Leaf - S aureus
- Hexane Leaf - S aureus

- DCM Leaf - S aureus
Aqueous Leaf - S aureus
Methanol Bark - S aureus

Hexane Bark - S aureus
DCM Bark - S aureus
Aqueous Bark - S aureus

$ 40

Normalized Zone of Inhibition
o
L=

1.0 15 H 25
log Concentration of Extract

Fig. 3. Dose-response curve for different extracts of A. nobilis plant parts (leaves and bark)
against S. aureus. (Normalized zone of Inhibition measured in mm). Error bar represent the
standard error of mean. Graphs were prepared using Graphpad Prism 8 (version 8.2.1), using
non-linear regression model according to the equation: Span = Top — Bottom, Y=Bottom +
(Top-Bottom)/(1+10"((Log IC50-X)*HillSlope)), where X is the log of dose response or

concentration. Y=is response
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4. CONCLUSION

In conclusion, this study demonstrates, for the
first time, potent in vitro antibacterial activity
aqueous, methanol, dichloromethane, hexane
extracts of leaves and bark of Artocarpus nobilis
against Escherichia coli and Staphylococcus
aureus. The aqueous bark extract showed
marked antibacterial activity E. coli while
methanol bark showed marked antibacterial
activity against S. aureus. Further studies are
necessary to determine the mechanism and
active  constituents  responsible  for the
antibacterial activity of A. nobilis. Moreover, our
result indicates a strong possibility of developing
safe potent and cheap antibacterial agent from
A. nobilis bark.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Muir's Textbook of Pathology, Fourteenth
Edition : David Levison : 9780340740620
Available:https://www.bookdepository.com/
Muirs-Textbook-Pathology-Fourteenth-
Edition-David-Levison/9780340740620
(accessed 2021 -12 -22).

2. Patel J. Antibiotic Resistance:
Understanding and Responding to an
Emerging Crisis. Emerging Infectious
Diseases 2011;17(10):1984.
Available:https://doi.org/10.3201/eid1710.1
11066.

3. Mbah-Omeje. In vitro study on the anti-
microbial activity of curcuma longa rhizome
on some microorganism. AJBLS. 2019;

7(1):1.
Available:https://doi.org/10.11648/j.ajbls.20
190701.11.

4. Ranaweera CB, Pathirana R,
Ambalanduwa  KC, Jayakody RA,

Ratnasooriya WD. In vitro antirheumatoid
arthritic activity of aqueous root extract of
Clitoria ternatea. International research
journal of pharmacy. 2014;5(12):926-8.
DOI: 10.7897/2230-8407.0572188

5. Silva ARN, Ranaweera CB, Karunathilaka
RN, Pathirana R, Ratnasooriya WD.
Antibacterial activity of water extracts of
different parts of Morinda citrifolia grown in
Sri Lanka.Int J Sci Res Publ. 2016;6:
124-7.
Available:http://www.ijsrp.org/research-
paper-0516/ijsrp-p5322.pdf

41

10.

11.

12.

13.

14.

Silva AR, Dissanayake DM, Ranaweera
CB, Pathirana R, Ratnasooriya WD.
Evaluation of in vitro antibacterial activity of
some Sri Lankan medicinal plants. Int J
Pharmaceutical Res Allied Sci. 2015; 4:54-
7.
Available:http://www.journalijar.com/upload
s/225 1JAR-12022.pdf

Nimantha Karunathilaka RD, Silva AR,

Ranaweera CB, Dissanayake DM,
Nelumdeniya NR, Pathirana R,
Ratnasooriya WD. In vitro antibacterial
activity of hexane, chloroform and

methanolic extracts of different parts of
Acronychia pedunculata grown in Sri
Lanka. Int. J. of Adv. Res. 2016;4(8):1574-
9.

DOI: 10.21474/1JAR01/1364

Ranaweera CB, Chandana AK. Clitoria
ternatea-shifting paradigms: From
laboratory to industry. South Asian Journal
of Research in Microbiology.
2021;11(2):18-26.

DOI: 10.9734/SAJRM/2021/v11i230247
Khatak S, Naagar J, Gupta A, Malik K.
Anti-microbial Activity of Vitex Negundo
against Pathogenic Bacteria. Journal of
Pharmacy Research. 2014;8(2):91-92.
Quiroga N, Sampietro R, Vattuone A.
Screening antifungal activities of selected
medicinal plants. J Ethnopharmacol. 2001;
74(1):89-96.
Available:https://doi.org/10.1016/s0378-
8741(00)00350-0.

Erdogrul OT. Antibacterial activities of
some plant extracts used in folk medicine.
Pharmaceutical Biology. 2002;40(4):269—
273.
Available:https://doi.org/10.1076/phbi.40.4.
269.8474

Jayasinghe U, Puvanendran S, Hara N,
Fujimoto Y. Stilbene derivatives with

antifungal and radical  scavenging
properties from the Stem Bark of
Artocarpus nobilis. Natural Product

Research. 2007;18(6):571-574.

Park J, Lee J, Jung E, Park Y, Kim K, Park
B, Jung K, Park E, Kim J, Park D. In vitro
Antibacterial and Anti-Inflammatory Effects
of Honokiol and Magnolol against
Propionibacterium Sp. Eur J Pharmacol.
2004;496(1-3):189-195.
Available:https://doi.org/10.1016/j.ejphar.2
004.05.047.

Jayasinghe L, Rupasinghe G, Hara N,
Fujimoto Y. Geranylated phenolic
constituents from the fruits of Artocarpus



15.

16.

17.

18.

19.

20.

21.

22.

23.

Senadeera et al.; SAJRM, 11(3): 35-43, 2021, Article no.SAJRM.83517

nobilis. Phytochemistry. 2006;67(13):1353-
1358.

DOI: 10.1016/j.phytochem.2006.04.011
Senadeera SPNN, Fernando KSK,
Wickramasekara WLLN, Fernando MYS,
Ranaweera CB, Rajapaksha W, Silva
ARN. In vitro anti-inflammatory activity of
endemic Artocarpus Nobilis Thw found in
Sri Lanka. APRJ. 2021;116-122.
Available:https://doi.org/10.9734/aprj/202
1/v8i430192.

Madushani I, Fernando T, Wijesundara C,
Siriwardane D. First Report of White Root
Disease of Artocarpus Nobilis in Sri Lanka
Caused by Rigidoporus Microporus.
Journal of the National Science Foundation
of Sri Lanka 2014;42(2):197-198.
Available:https://doi.org/10.4038/jnsfsr.v42i
2.6998.

Department of Ayurveda. Compendium of
medicinal plants: A Sri Lankan study. 4th
ed. Department of Ayurveda, Sri Lanka;
2004.

Elevitch C, Ragone D, Cole I, Breadfruit
production guide: recommended practices
for growing, harvesting, and handling;
2014.
Available:https://hdoa.hawaii.gov/add/files/
2014/05/Breadfruit_Production_Guide_we
b_edition.pdf

Charaka, A. Vimana Sthana
Available:https://www.carakasamhitaonline
.com/index.php?title=Vimana_Sthana
(accessed 2021 -12 -26).

Jayasinghe L, Balasooriya B, Padmini W,
Hara N, Fujimoto Y. Geranyl chalcone
derivatives with antifungal and radical
scavenging properties from the leaves of
Artocarpus nobilis. Phytochemistry.
2004;65(9): 1287-1290.

DOI: 10.1016/j.phytochem.2004.03.033
Jayasinghe U, Samarakoon T,
Kumarihamy B, Hara N, Fujimoto Y. Four
new prenylated flavonoids and xanthones
from the root bark of Artocarpus
nobilis. Fitoterapia. 2008;79(1): 37-41.

DOI: 10.1016/j.fitote.2007.07.014

Zahid S, Ata A, Samarasekera R. New
Cycloartane-Type  Triterpenoids  from
Artocarpus Nobilis. Zeitschrift ~ flr
Naturforschung B. 2007, 62 (2), 280—284.
Available:https://doi.org/10.1515/znb-2007-
0222

Enteric diseases and food-borne diseases,
public health ontario.
Available:https://www.publichealthontario.c
al/en/diseases-and-conditions/infectious-

42

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

diseases/enteric-foodborne-diseases
(accessed 2021 -12 -26).

Gastrointestinal Infections.
Available:https://www.atsu.edu/faculty/cha
mberlain/website/lectures/lecture/gi4.htm
(accessed 2021 -12 -26).

Diarrhoeal disease Available:
https://www.who.int/news-room/fact-
sheets/detail/diarrhoeal-disease (accessed
2021 -12 -26).

Riley W. Pandemic lineages of
extraintestinal pathogenic Escherichia coli.
Clinical Microbiology and Infections.
2014;20(5):380-390.

Available: https://doi.org/10.1111/1469-
0691.12646.

Calne S. Wound infection in clinical
practice, an international consensus.
Available:https://healthservice.hse.ieffilelibr
ary/onmsd/hse-national-wound-
management-guidelines-2018.pdf

Bowler G, Duerden I, Armstrong G. Wound
microbiology and associated approaches
to wound management. Clin Microbiol Rev.
2001;14(2):244-269.
Avalilable:https://doi.org/10.1128/CMR.14.2
.244-269.2001.

McCaig F, McDonald C, Mandal S,
Jernigan B. Staphylococcus Aureus—
Associated Skin and Soft Tissue Infections
in Ambulatory Care. Emerging Infectious
Diseases 2006, 12 (11), 1715-1723.
Available:https://doi.org/10.3201/eid1211.0
60190.

Valgas C, Souza M, Sméania A, Sménia Jr
A. Screening Methods to Determine

Antibacterial Activity of Natural
Products. Braz. J. Microbiol. 2007;38
(2):369-380.

Available: https://doi.org/10.1590/S1517-
83822007000200034.

Abeysinghe D, Pathirana N, Wanigatunge
P. Evaluation of Antibacterial Activity of
Different Mangrove Plant Extracts. Ruhuna
Journal of Science. 2012;1(1).

CLSI. Performance standards for Anti-
microbial Susceptibility Testing; Twenty-
Fifth Informational Supplement. Clinical
and Laboratory Standards Institute. 2015;
35(3):1-231

Ali Khan M, Yagoob S, Ahmad S. Anti-
microbial activity of Azadirachta Indica,
against target pathogens and its utility as a
disinfectant and floor cleaner. JEMDS.
2021;10(25):1899-1903.
Available:https://doi.org/10.14260/jemds/2
021/392.



34.

35.

36.

37.

38.

39.

Senadeera et al.; SAJRM, 11(3): 35-43, 2021, Article no.SAJRM.83517

Rajapaksha W, Silva N, Bulathwelage A,
Wanigasekara D. Evaluation of in Vitro
Antibacterial Activity of Extract of Semi-
Aquatic Plants Growing in the Polluted
Water of Sri Lanka. 2019.
Available:https://doi.org/10.13140/RG.2.2.1
9704.39689.

Muddukrishnaiah K, Singh S. Anti-
microbial, synergistic ~ activity  and
antioxidant studies on multidrug resistance
human pathogen using crude extract of
Azadirachta Indica Leaf and Withania
Somnifera rhizome. Journal of Plant
Pathology & Microbiology. 2015;0(0):1-3.
Available: https://doi.org/10.4172/2157-
7471.1000S3-009.

Mohammadzadeh T, Sadjjadi S, Habibi P,
Sarkari B. Comparison of Agar Dilution,
Broth Dilution, Cylinder Plate and Disk
Diffusion Methods for Evaluation of Anti-
Leishmanial Drugs on Leishmania
Promastigotes. Iran J Parasitol. 2012;
7(3):43-47.

Nawaz H, Shad A, Rehman N, Andaleeb
H, Ullah N. Effect of solvent polarity on
extraction yield and antioxidant properties
of Phytochemicals from Bean (Phaseolus

Vulgaris) Seeds. Braz. J. Pharm. Sci.
2020;56.

Available:  https://doi.org/10.1590/s2175-
97902019000417129.

Somashekhar M, Nayeem N, Sonnad B. A
review on family moraceae (Mulberry) with
a focus on artocarpus species. World
Journal of Pharmacy and Pharmaceutical
Sciences. 2013;2:2614—-2621.

Xie Y, Yang W, Tang F, Chen X, Ren L.
Antibacterial  activities of flavonoids:
Structure-activity relationship and
mechanism. Curr Med Chem. 2015;22
(1):132-149.

40.

41.

42.

43.

44.

Available:https://doi.org/10.2174/09298673
21666140916113443

Miladiyah |, Rachmawaty FJ. Potency of
xanthone derivatives as antibacterial
agent against methicillin-resistant
Staphylococcus aureus (MRSA). JKKI:
Jurnal  Kedokteran dan  Kesehatan
Indonesia. 2017;8(2):124-135.
Available:https://doi.org/10.20885/JKKI.Vol
8.Iss2.art8.

Mattio M, Catinella G, Dallavalle S, Pinto
A. Stilbenoids: A natural arsenal against
bacterial pathogens. Antibiotics.
2020;9(6):336.
Available:https://doi.org/10.3390/antibiotics
9060336.

Hashim N. Mohd, Rahmani M, Ee GCL,
Sukari MA, Yahayu M, Amin MAM, Ali AM,
Go R. Antioxidant, anti-microbial and
tyrosinase inhibitory activities of xanthones
isolated from Artocarpus Obtusus FM.
Jarrett.  Molecules.  2012;17(5):6071—
6082.
Available:https://doi.org/10.3390/molecules
17056071.

Ranaweera, Chathurange B, Przemyslaw
Glaza, Michal Zolkiewski. Interaction of
substrate-mimicking peptides with the
AAA+ AT Pase Clp B from Escherichia
coli;2018.

Available:
https://doi.org/10.1016/j.abb.2018.08.002
Glaza, Przemyslaw, Chathurange B.
Ranaweera, Sunitha Shiva, Anuradha Roy,
Brian V. Geisbrecht, Frank J. Schoenen,
Michal  Zolkiewski. Repurposing p97
inhibitors for chemical modulation of the
bacterial ClpB-DnaK bichaperone system.
Journal of Biological Chemistry. 2021;296.
DOl:https://doi.org/10.1074/jbc.RA120.015
413

© 2021 Senadeera et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://lwww.sdiarticle5.com/review-history/83517

43



