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Some multidrug-resistant bacteria particularly Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and
Enterobacterspp (ESKAPE pathogens) are associated with nosocomial infections. This study
investigated the antibacterial activities of Newbouldia laevis and Dracaena arborea against
some ESKAPE pathogens isolated from hospital environments. One hundred and twenty-five
(125) samples were collected from wounds, urine, and hospital beds from Bishop Shanahan
Hospital Nsukka. Ethical clearance was obtained before the collection of samples. Bacteria were
isolated and characterized using appropriate microbiological and biochemical techniques. Plants
methanol extracts were prepared using standard method. Antibiotic sensitivity testing was done
using the Kirby Bauer disc diffusion method following Clinical Laboratory Standards Institute
(CLSI) guidelines 2024. Multi-drug resistant isolates were randomly selected for plant extract
sensitivity testing. Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumonia
isolates had a prevalence of 75%, 83.3%, and 78.6% respectively. Multiple antibiotic resistance
indices (MARI) of the isolates showed mostly high values (0.5-1.0). Newbouldia laevis
methanol extract showed varying degrees of antibacterial activity on most of the isolates at
different concentrations (50, 100, 200, and 400 mg/mL). However, following the CLSI standard,
only 100 mg/mL of the extract produced significant inhibition (> 11.0 mm) on 3/8 and 3/7 of S.
aureus and P. aeruginosa susceptible isolates respectively; no inhibition was observed for K.
pneumoniae. Dracaenaarborea had no activity against any of the isolates. These results buttress
the need for the use of Newbouldia laevis extract as a promising alternative against antibiotic-
resistant ESKAPE pathogens.
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Introduction

These drugs were widely used, including in surgeries like orthopedic
procedures, to fight infections. Unfortunately, the overuse and misuse

The increasing number of 'superbugs,’ or multidrug-resistant
(MDR) bacteria, particularly in hospitals, is a serious worldwide
problem affecting people, animals, and the environment.* The World
Health Organization even ranks antibiotic resistance as one of the top
three public health threats of our time.? Compared to infections from
regular bacteria, MDR infections lead to more deaths, illnesses, longer
recovery times, lower productivity, and higher overall costs.® The
discovery of penicillin and other antibiotics, like cephalosporins,
aminoglycosides, glycopeptides, and quinolones, revolutionized
medicine.*

*Corresponding author. E mail: nnabuike.ezema@esut.edu.ng
Tel: +2348067587489

Citation: Ugwoke, HU, Ezema, JN, Chinaka, CB, Imanyikwa, OE,
Ukhureighe, OM, Ezugwu, 1A, Chukwuma, ST, Eze, EA. Evaluation of
Antibacterial Effects of NewbouldiaLaevis and Dracaena arborea
Methanol Extracts against Some Multidrug Resistant ‘ESKAPE’
Pathogens Isolated from Hospital Environments. Trop J Nat Prod Res.
2024; 8(7):7778-7785 https://doi.org/10.26538/tjnpr/v8i7.23

Official Journal of Natural Product Research Group, Faculty of Pharmacy,
University of Benin, Benin City, Nigeria

of antibiotics have created resistant strains of bacteria, threatening
successful treatment, especially for critically ill patients.®

The acronym ESKAPE refers to a group of highly concerning
multidrug-resistant bacteria. Introduced in 2008 by the Infectious
Diseases Society of America, ESKAPE signifies a growing threat.
These pathogens are causing a significant and increasing number of
hospital infections and are becoming resistant to available antibiotics.®
" ESKAPE stands for Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumonia, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species. These bacteria are particularly
troublesome because they are often associated with hospital-acquired
infections, presenting a new set of challenges in terms of how these
diseases spread, cause harm, and resist treatment.® ® The World Health
Organization prioritizes research into new antibiotics based on the
severity of the threat posed by different pathogens. ESKAPE
pathogens fall into the “critical” or "high" priority categories.® This
urgency is driven by the emergence of strains resistant to even the
strongest antibiotics; Carbapenem-resistant Acinetobacter
baumaniiand Pseudomonas aeruginosa with extended spectrum B-
lactamase (ESBL) or carbapenem-resistant Klebsiella pneumoniae and
Enterobacter spp are in the critical level while Methicillin-resistant,
vancomycin-intermediate and resistant Staphylococcus aureus with
Enterococcus faecium are in the high priority level.’® * The clinical

7778

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.tjnpr.org/
mailto:nnabuike.ezema@esut.edu.ng
https://doi.org/10.26538/tjnpr/v8i7.23
https://creativecommons.org/licenses/by/4.0/

Trop J Nat Prod Res, July 2024; 8(7):7778-7785

and economic impact of ESKAPE pathogens is significant and call for
serious attention to be paid to their impact. Infections caused by these
bacteria are linked to high death rates, increased illness, and
substantial healthcare costs. The challenge lies not only in treating
these infections but also in diagnosing them accurately.'* ** ESKAPE
bacteria possess a concerning ability to resist antibiotics. They achieve
this through various mechanisms, including modifying their structure
to prevent drugs from binding, breaking down antibiotics, or forming
protective barriers. These mechanisms are often encodedin their genes
or on mobile genetic elements, allowing them to readily share
resistance traits with other bacteria.

In a bid to proffer a solution to the challenges posed by antibiotic
resistance, the use of plant extracts and combination therapy has been
adopted in treating infectious diseases and antibiotic-resistant
bacteria.'* ** They consist of highly structurally diverse chemical
compounds (phytochemicals) which include phenol, tannins, terpenes,
saponins, polyphenols, and alkaloids. These phytochemicals are
responsible for the healing abilities they exhibit. Apart from their
pharmacologically important phytochemicals contents, each species
has its nutrient compositions which are essential for improved body
physiological functions.*®

The use of natural products is not new as it has remained the backbone
of traditional medicine in many parts of the world, and a fundamental
part of history and culture, particularly in Asia, Africa, and other
continents. They are also gradually increasing in developed countries
due to their varying degrees of antimicrobial activity and other
beneficial effects.'” ' Advances in pharmacology and synthetic
organic chemistry have increased the science and application of nature
among elites as an important source of medicinal agents.’® Medicinal
plants are very important in providing primary health care services to
rural dwellers and in combating serious diseases in the world.?* *° The
World Health Organization’s recognition of traditional medicine as an
important element of primary health care resulted in their slogan “save
the plants which save the life”.”! which summarizes the importance of
medicinal plants. Now, it is estimated that about 80% of the world’s
population depends on medicinal plant preparations to meet their
health needs and for the treatment of various diseases,”* owing to their
relative safety, affordability, availability, and tolerance.?® 2 ¢ They
exhibit different mechanisms of action including membrane
disruption, complex formation with cell wall, inactivation of enzymes,
intercalation with DNA, and improvement of efficacy through
interaction.”* %

Newbouldia laevis also known as boundary tree is a knotted branched
angiosperm with shiny dark leaves and purple color which is native to
tropical Africa, growing from Guinea savanna to dense forests on
moist and well-drained soil.” 2> %" It has been reportedly used in the
treatment of both infectious and non-infectious diseases. Different
parts of the plants have been used in the treatment of malaria, sexually
transmitted diseases, worms, and dental caries. It has also been as a
formula in dysentery and diarrhea, eye problems, wound infections,
sore feet, convulsion, skin ulcers, epilepsy, peptic ulcer, constipation,
hemorrhoids, pelvic pain in women, snake bite and impotence, and
infertility.?® 2 ** 2" |n Ghana and Nigeria, the cooked stem barkis used
in the treatment of breast tumor, and child delivery in women.? In the
treatment of bone lesions, pneumonia, cold, fever, and cough, it has
been reported that the stem bark of N. laevis is more effective when
mixed with lay and red pepper.** Dracaena arborea on the other hand
is a perennial woody tree that is native to Africa and Asia, and is
characterized by fibrous and tough leathery and densely crowded
leaves that grows up to 6-15cm high.*? Dracaenas are either shrubs or
trees and are grouped into two groups based on their habitat: tree
Dracaenas and shrub Dracaenas.*® Its medicinal applications have
been reported to include the treatment of venereal diseases, smallpox,
chicken pox, measles, epilepsy, convulsion, heat, and kidney trouble,
also used as a diuretic and sedative. Studies have shown that D.
arborea contains a wide range of secondary metabolites including
flavonoids, steroidal saponin, tannin, sterols, alkaloids, lectin, phytate,
and cyanide.®% This research is aimed at investigating the
antibacterial activities of Newbouldia laevis and Dracaena arborea
against some ESKAPE Pathogens isolated from hospital environments
through exposure to different concentrations of the extracts, to develop
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alternative treatment regimens in the face the failing effectiveness of
the conventional antibiotics. The methanol extract was preferred due
to the relatively high phytochemical extractability of methanol
coupled with the fact that it is an in-vitro susceptibility study.

Materials and Methods

Chemical and Reagents

Reagents were procured from Sigma-Aldrich, China and they include
Gram-staining reagents, Kovac’s reagent, tryptophan, Oxidase
reagent, and McFarland’s reagent. Media used were procured from
Oxoid, United Kingdom and they include Cetrimide, Mannitol Salt
Agar (MSA), Cystine lactose electrolyte deficient agar (CLED),
Mueller Hinton agar (MHA), Nutrient agar, Urea agar, and Simon
citrate agar. All chemicals used were of analytical grades

Plant Collection and Identification

Fresh leaves of Newbouldialaevis and Dracaena arborea were
collectedin June 2020 from farms Uwani-Ugwu, Umakashi in Nsukka
Local Government Area of Enugu State (6.9 N, 7.4E). The plants were
identified by Felix I. Nwafor, Department of Plant Science and
Biotechnology, Faculty of Biological Sciences, University of Nigeria,
Nsukka and deposited at the University of Nigeria (UNN) Herbarium
with the following collection details: Newbouldia laevis (P. Beau v.)
Seem. Ex, Voucher No: UNN/11765 and Dracaena arborea (Wild.)
Link, Voucher No: UNN/11766.

Plant Extraction

The preparation process began with washing the leaves, followed by
air drying them at room temperature for two weeks. Once completely
dry, the leaves were ground into a fine powder and stored in a sealed
polyethylene bag for later use. Extraction involved a modified method
from another source.®® A 500 g of the powdered leaves were soaked in
1.5 liters of methanol with occasional shaking. This mixture rested at
room temperature for 72 hours to ensure thorough extraction. The
extracts were then filtered using Whatman No. 1 filter paper
(Whatman, England). Finally, a rotary evaporator was used to
concentrate the extracts under vacuum. The concentrated extracts were
weighed, stored in separate airtight containers, and refrigerated at 4°C
until analysis.

Sample collection

A total of 84 samples comprising 21 each, of wound, urine, bed, and
floor samples from patients attending Bishop Shanahan Hospital,
Nsukka, using sterile containers and swab sticks. The swab sticks
were dipped and rolled on the wound to enhance the effectiveness of
collecting samples. After collection, the samples were promptly
delivered to the Microbiology Laboratory at UNN for analysis.

Ethical Consideration

Following the International Ethical Guidelines for Biomedical
Research Involving Human Subjects, ethical approval for this study
was obtained from the Medical Advisory Committee of the hospitals
used with clearance number: BSHN/EC/19/001. Informed consent was
also obtained from the patients before collection of the specimen.

Media Preparation

Each of the media (Cetrimide Agar, mannitol Salt agar, Cystine
lactose electrolyte deficient agar, Mueller Hinton Agar, and Nutrient
Agar) was prepared under aseptic conditions according to
manufacturer’s specifications and autoclaved at 121°C for 15min and
allowed to cool, after which they were dispensed into sterile Petri
dishes, Bijou bottles or test tubes (depending on its purpose) and
allowed to gel. The media plates were then labeled accordingly and
kept refrigerated until needed.

Culture and Biochemical Identification of Species

Bacterial species were identified according to methods used by other
authors.®” Samples were streaked in duplicate onto three different agar
media (Cetrimide agar, Mannitol Salt agar, and Cystine Lactose
Electrolyte Deficient agar) to encourage bacterial growth. All the
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culture plates showed visible growths of discrete colonies (100%
viability). Incubation temperature varied depending on the suspected
bacteria: 37°C for 24 hours for Staphylococcus aureus and Klebsiella
pneumoniae, and 42°C for 24 hours for Pseudomonas aeruginosa. All
plates displayed visible growth of distinct, separate colonies. To
isolate pure cultures, single colonies from each plate were transferred
(sub-cultured) onto fresh media plates. Finally, to confirm the identity
of the isolated bacteria, researchers employed Gram staining and a
series of biochemical tests including catalase, indole, coagulase,
oxidase, urease, and citrate utilization.

Preparation and Standardization of Inoculum

The isolates were inoculated onto duplicate Mueller Hinton Agar
(MHA) and were incubated at 37°C for 24h using an incubator
(Thermofisher scientific, USA) after which colonies were suspended
in normal saline and allowed to stand for 15min. The turbidities of the
suspensions formed were adjusted by using normal saline until it
matched the turbidity of 0.5 McFarland standard (final inoculums
equivalent to a bacterial count of approximately 1.5x108 cfu/mL).

Antibiotic Sensitivity Testing

Antibiotic susceptibility testing was performed using a standardized
inoculum spread evenly onto duplicate Mueller-Hinton Agar (MHA)
plates, possibly including sheep blood for fastidious organisms, with
sterile swabs. After a 15-minute incubation to allow for settling, multi-
antibiotic discs containing both Gram-positive and Gram-negative
targeted antibiotics were placed aseptically on the agar surface using
sterile forceps. The discs were gently pressed down with a rotating
motion to ensure even contact without damaging the disc. Following
incubation at 37°C for 24 hours, the diameter of the clear zone
(inhibition zone) surrounding each disc, excluding the disc diameter
itself, was measured in millimeters and recorded. The size of the
inhibition zone was then used to classify the isolates as resistant,
intermediate, or susceptible to each antibiotic according to the current
Clinical Laboratory Standard Institute (CLSI) guidelines (2024).%

Plant Extracts Sensitivity Testing
Plant extract sensitivity tests were done using a modified method
described elsewhere.® Five different concentrations were prepared in
duplicates, in test tubes by dissolving 0.8g (800mg) of the extract in
2mL of distilled water to yield 400mg/mL of the stock solution.
Further dilution was performed by pipetting 2 mL stock
concentration and diluting it in other test tubes containing 2 mL sterile
water to form a concentration of 200 mg/mL, 100 mg/mL, 50 mg/mL,
and 25 mg/mL. A sterile cork borer 6 mm in diameter was then
aseptically made through holes, with adequate spacing between wells,
which would not have overlapping zones of inhibition. Afterward, 0.1
mL of each concentration of the plant extract was added to wells and
left to diffuse into the medium for 45 minutes in a 37°C incubation
period for 24 hours. The plates were examined later for zones of
inhibition produced by the extracts, showing the degree of
susceptibility of the test organisms toward the extracts. Diameters of
inhibition zones were measured and recorded. Triplicate plates for
each isolate were prepared.

Statistical Analysis

Multiple antibiotic resistances of the isolates to the antibiotics, as well
as their resistances to the methanol plant extracts, were analyzed with
descriptive statistics using SPSS IBM version 21.

Results and Discussions

Prevalence of the Isolates

Results showed a high prevalence of Staphylococcus aureus,
Pseudomonas aeruginosa, and Klebsiella pneumonia based on
samples collected (Table 1). Out of 40 samples screened for S. aureus,
30 (75%) were positive. Similarly, 25 (83.3%) of the 30 samples
screened for P. aeruginosa were positive while 11 (78.6%) of the 14
samples screened for K. pneumonia were positive. This buttresses the
reports of cases of ‘ESCAPE’ pathogens in hospital environments in
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some recent studies.*” “ “? Incidence of infections caused by drug-
resistant organisms is increasing in hospitals and other clinical care
settings with a resultant increase in duration of hospital stay and
hospital costs. These infections pose diagnosis and treatment
challenges and cause increased morbidity and mortality. These
challenges have necessitated the increased search for cheaper
alternatives with fewer side effects to improve or restore the activity
of commonly used antibiotics.** The occurrences of these organisms in
hospital environments are of public health concern as they prolong
treatment duration. This may have resulted from poor hygiene in the
hospital environment, inadequate care of the wound (such as improper
wound dressing), and the use of medical devices such as catheter.

Antibiotics Sensitivity and Resistance Indices

The results of the tests showed that all the isolates presumptively
identified as Staphylococcus aureus (100%) were resistant to
Ceftriazone while 91.18%, 85.29%, 79.41%, 47.06%, 38.24%, and
20.59% were resistance to Ceftazidime, Cefuroxime, Erythromycin,
Amoxycillin/Clavulanate, Ofloxacin and Gentamicin respectively.
However, for isolates identified as Pseudomonas aeruginosa, 100%
were resistant to Ceftazidime, Cefuroxime, Amoxycillin/Clavulanate,
Nitrofuratoin, and Ampicillin while 23.33%, 16.67% and 13.33% of
the isolates showed resistance to Ofloxacin, Ciprofloxacin and
Gentamicin respectively. Whereas, isolates identified as Klebsiella
pneumoniae  showed  100%  resistance to  Cefuroxime,
Amoxycillin/Clavulanate, and Ampicillin; 23.08%, 15.39%, and
7.69% showed resistance to ofloxacin, ciprofloxacin and gentamicin
respectively. The Multiple antibiotic resistance indices (MARI) of the
isolates ranged from 0.5 to 1.0. Two isolates of Staphylococcus aureus
with resistance to eight antibiotics had a MARI of 1.0; eleven isolates
with resistance to seven antibiotics had a MARI of 0.9; four of the
isolates with resistance to six antibiotics had a MARI of 0.8; six of the
isolates with resistance to five antibiotics had a MARI of 0.6 and
eleven isolates with resistance to four antibiotics had a MARI of 0.5.
The MARI of Pseudomonas aeruginosa shows that three isolates with
resistance to eight antibiotics had a MARI of 1.0; three isolates with
resistance to seven antibiotics had a MARI of 0.9; three isolates with
resistance to six antibiotics had a MARI of 0.8 and twenty-one isolates
with resistance to five antibiotics had a MARI of 0.6. Klebsiella
pneumonia also showed high MARI. One isolate with resistance to
seven of the antibiotics had a MARI of 0.9; two of the isolates with
resistance to six antibiotics had a MAR Index of 0.8 and ten isolates
with resistance to four antibiotics had a MARI of 0.5. The antibiotic
resistance and indices indices of the isolates are shown in Tables 2, 3
& 4.

Antibiotic susceptibility profiles of the isolates revealed high and
multiple resistance to most of the antibiotics used compared to the
sensitivity pattern to the different drugs used worldwide. Bacterial
resistance to antibiotics has been attributed to indiscriminate use of
antibiotics in both hospital and non-hospital environments. The
resistant pattern cuts across different classes of antibiotics. However,
there was a slight difference in the resistant pattern between the Gram-
positive (S. aureus) and the Gram-negative (P. aeriginosa and K.
pneumonia) in terms of the class of antibiotics (Tables 2, 3 & 4). This
reason is not far from the intrinsic nature of the organisms.

The antibiotic-resistant index (MARI) shows that all the isolates used
in this study recorded MARI ranging from 0.5 to 1.0 making them
multidrug-resistant isolates. This is not unconnected with the fact that
they were isolated from antibiotic-laden sources especially being that
they were isolated from clinical (wounds, urine, and environmental)
samples, thus agreeing with reports that antibiotic-laden environments
promote resistance.* High MARI (> 0.2) could be attributed to
ineffective treatment of infections which is an important factor in the
emergence of antibiotic-resistant bacteria. Ineffective treatment could
be a result of prolonged hospital stay, prior use of antibiotics at low
dosages, spread of antibiotic-resistant organisms through inadequate
sanitary conditions, inadequate hospital infection control procedures,
prolonged usage, and regular use (abuse) of antibiotics in our society.
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Plant Methanol Extract Susceptibility Test (Mean Values of Zones of
Inhibition (mm)

The inhibition zones for Newbouldia leaves methanol crude extract
varied from 5.5 mm to 18 mm, directly proportional to the
concentration. At 400 mg/mL and 200 mg/mL, all the S. aureus
isolates tested, 100%, were susceptible. At 100 mg/mL, seven isolates,
87.5 %, were susceptible, and at 50 mg/mL, five isolates, 52.5% were
susceptible, respectively. For P. aeruginosa, all seven tested isolates,
that is, 100%, were susceptible at 400 mg/mL and 200 mg/mL, while
at a concentration of 100 mg/mL, six isolates, 85.7%, were
susceptible. At 50 mg/mL, four isolates, 57.1%, showed susceptibility
(Figure 2). In the case of K. pneumoniae, all the six tested isolates,
100%, were susceptible at 400 mg/mL and 200 mg/mL. At 100
mg/mL, five isolates were susceptible, and at 50 mg/mL, susceptibility
was obtained in only two isolates. For the methanol crude extract of
Dracaena arborea, no zone of inhibition was observed at any of the
concentrations used (Table 5).

This study investigated the antibacterial properties of Newbouldia
laevis leaf extracts against Staphylococcus aureus, Pseudomonas
aeruginosa, and Klebsiella pneumoniae. The extract effectively
inhibited the growth of these bacteria, with varying degrees of
potency. The zones of inhibition ranged from 6mm to 18.5mm for S.
aureus, 8mm to 22 mm for P. aeruginosa, and 5.5 mm to 14.5 mm for
K. pneumoniae (Figures 1, 2 & 3). These findings align with previous
research.?? *> “® The effectiveness of the extract against these common
pathogens supports the traditional use of Newbouldia laevis leaves in
complementary medicine for treating wound infections, urinary tract
infections, and other bacterial ailments.® 2 3* 2" Thijs study also
revealed that Dracaena arborea leaf extract has no antibacterial effect
against the multidrug-resistant ESKAPE organisms tested. This may
be due to insufficient quantities of medicinal phytochemicals. We are
not aware of any published report on the antibacterial activity of D.
arborea exract on bacteria or fungi. The recent success of plant-based
extracts in clinical trials has sparked a surge of interest in medicinal
plants. These plants hold promise not only for treating diseases
directly but also as sources for developing new drugs. Herbal
medicine, with its long history of use, already plays a vital role in
primary healthcare, particularly in rural areas.

This study found that Gram-negative bacteria were less sensitive to the
crude methanol extract of Newbouldia laevis compared to Gram-
positive bacteria. This aligns with previous research suggesting that
plant extracts often have a stronger effect on Gram-positive bacteria.*’
The difference in cell wall structure likely plays a role in this
observation. Gram-positive bacteria lack the outer membrane and
periplasmic space present in Gram-negative bacteria. This simpler
structure allows antibacterial substances to more easily penetrate the
cell wall and cytoplasmic membrane of Gram-positive bacteria,
leading to leakage of cellular contents and cell death. In contrast,
Gram-negative bacteria have a complex outer membrane rich in
lipopolysaccharides. This outer membrane acts as a barrier, hindering
the entry of many antimicrobial agents.*®
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Table 1: Percentage Prevalence of Some ESKAPE Pathogens from Different Hospital Based Samples

Growth  No of Biochemical test No Suspected organism % prevalence
medium  samples positive
tested
Coagulase  Catalase  Citrate Indole  Oxidase  Urease
MSA 40 + + - - - - 30 S. aureus 5%
CA 30 - + + + + - 25 P. aeruginosa 83.3%
CLED 14 - + + - - + 11 K. pneumoniae 78.6%

Key: MSA= Manitol Salt Agar, CA = Cetrimide Agar, CLED Agar = Cystine Lactose Electrolyte Deficient Agar

Conclusion

This study demonstrates that extracts from the N. laevis leaf hold
promise for treating wound infections, urinary tract infections, and
infections caused by multidrug-resistant ESKAPE bacteria. The
extract's effectiveness in inhibiting the growth of these harmful
pathogens supports traditional uses of this plant for treating infections.
Furthermore, the inhibitory properties of N. laevis suggest its potential

as a valuable source for developing new antimicrobial drugs. These
drugs could potentially combat infections caused by P. aeruginosa, K.
pneumoniae, and S. aureus. The findings of this study can benefit both
scientists and the general public. Scientists can explore N. laevis
further for its medicinal potential, while the public can gain a broader
understanding of the plant's potential health benefits, potentially
validating local knowledge about its uses.

Table 2: Multiple Antibiotic Resistance Index (MARI) of S. aureus isolates

No. of S. Total No. of Total no. of Antibiotics resisted MARI
aureus antibiotics antibiotics
tested resisted
3 8 8 ERY,CXC,OFL,AUG,CAZ,GEN,CTR,CRX 1.0
2 8 7 ERY,CXC,OFL, CAZ, CRX, GEN, CTR 0.9
1 8 7 ERY,CXC,CAZ,CRX,GEN,CTR,AUG 0.9
3 8 6 ERY,CXC,AUG,CAZ,CRX,CTR 0.8
1 8 6 ERY,OFL,CAZ,CRX,GEN,CTR 0.8
2 8 5 ERY,CXC,CAZ,CRX,CTR 0.6
1 8 5 ERY,CXC,AUG,CRX,CTR 0.6
1 8 5 CXC, AUG, CAZ, CRX,CTR 0.6
2 8 5 ERY,CXC,CAZ,CRX, CTR 0.6
5 8 4 ERY,CAZ,CRX,CTR 0.5
4 8 4 ERY,CXC,CAZ, CTR 0.5

Key: ERY=Erythromycin; CXC=Cloxicillin; CAZ=Ceftazidime; CRX = Cefuroxime; CTR = Ceftriaxone; AUG = Clauvulanate/Amoxicillin; OFL =
Ofloxacin; GEN = Gentamicin

Table 3: Multiple Antibiotic Resistance Index (MARI) of P. aeruginosa isolates

No. P. Total No. of Total No. of Antibiotics resisted MARI
Aeruginosa antibiotics tested antibiotics
isolates resisted
3 8 8 CAZ,CRX,CPR,OFL,AUG,GEN,AMP, NIT 1.0
3 8 7 CAZ,CRX,CPR,OFL,AUG,AMP, NIT 0.9
3 8 6 CAZ,CRX,0OFL,AUG,AMP, NIT 0.8
21 8 5 CAZ,CRX,AUG,AMP, NIT 0.6

KEY: CAZ=Ceftazidime; CRX=Cefuroxime; CTR=Ceftriaxone; NIT=Nitrofuratoin; AUG=Clauvulanate/Amoxicillin; OFL=0floxacin;
GEN=Gentamicin; CIP=Ciprofloxacin
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Table 4: Multiple Antibiotic Resistance Index of K. pneumoniae isolates

No. K. Total No. of Total No. of Antibiotics resisted MARI
pnuemoniae antibiotics tested antibiotics
isolates resisted
1 8 7 CAZ,CRX,CPR,OFL,AUG,GEN,AMP 0.9
2 8 6 CAZ, CRX, CPR, OFL, AUG, AMP 0.8
11 8 4 CAZ, CRX, AUG, AMP 0.5

KEY: CAZ=Ceftazidime; CRX=Cefuroxime; CTR=Ceftriaxone; NIT=Nitrofuratoin; AUG=Clauvulanate/Amoxicillin; OFL=0Ofloxacin;
GEN=Gentamicin; CIP=Ciprofloxacin

Table 5: Antibacterial activity of D. arborea on some members of the ESKAPE pathogens

ISOLATES 400 mg/mL 200 mg/mL 100 mg/mL 50 mg/mL 25mg/mL 125 mg/mL  6.25 mg/mL

Sl 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sw4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SU6 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Su7 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PA1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
P19 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PB2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PJ2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K5 0.00 0.00 0.00 0.00 0.00 0.00 0.00
KU3 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K4 0.00 0.00 0.00 0.00 0.00 0.00 0.00
KU5 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Key: SW = S. aureus from wound sample, SU = S. aureus from urine sample, SFL = S. aureus from floor sample, SB = S. aureus from Bed sample, S =
Staphylococcus isolate, 1, 2, 3,... = sample numbers,K = Klebsiella pneumonia, KU = urine isolate of Klebsillapneumoniae
Note: All P. aeruginosa isolates were gotten from wound. The lalel “PA1, P6, PG11... serves to differentiate one sample from the other

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

References

1.

2.

Davies J, Davies D. Origin and Evolution of Antibiotic
Resistance. Microbiol. Mol Bio. Rev. 2010;74:417-433.
World Health Organization. Antimicrobial resistance:
global report on surveillance 2014. Downloaded from
http://www.who.int/drugresistance/documents/surveillancer
eport/en/, last accessed on March 22, 2021.

7783

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Trop J Nat Prod Res, July 2024; 8(7):7778-7785

FounouRC, Founou LL, Essack SY. Clinical and Economic
Impact of Antibiotic Resistance in Developing Countries: A
Sys. Rev. Meta-Anal. Plos One. 2017; 12(12):1-18.
Bingyun L, Webster TJ. Bacteria Antibiotic Resistance:
New Challenges and Opportunities for Implant-Associated
Orthopaedic Infections. J.Ortho. Res. 2018; 36(1):22-32.
Zhen X, Lundborg CS, Sun X, Hu X, Dong, H. Economic
Burden of Antibiotic Resistance in ESKAPE Organisms: A
Systematic Review. Antimicro. Resist. Infect. Contr. 2019;
8(137): 1-23.

Pogue JM, Kaye KS, Cohen DA, Marchaim D. Appropriate
Antimicrobial Therapy in the Era of Multidrug-Resistant
Human Pathogens. Clin. Microbiol. Infect. 2015; 21: 302—
312.

Karlowsky J A, Hoban DJ, Hackel MA, Lob SH, Sahm DF.
Antimicrobial Susceptibility of Gram-Negative ESKAPE
Pathogens Isolated from Hospitalized Patients with Intra-
Abdominal and Urinary Tract Infections in Asia—Pacific
Countries: SMART 2013-2015. J. Med. Microbiol.
2017;66: 61-69.

Pendleton JN, Gorman SP, Gilmore BF. Clinical Relevance
of the ESKAPE Pathogens: Exp. Rev. Anti- Infect. Thera.
2013; 11(3):297-308.

World Health Organization. Global priority list of
antibiotic-resistant bacteria to guide research, discovery,
and development of new antibioticsfor drug-resistant
bacterial infections, including tuberculosis.World Health
Organization, Geneva, Switzerland 2017.
http://www.who.int/medicines/publications/WHO-PPL -
Short Summary 25Feb-ET_NM__ WHO.pdf. Accessed on
March 22, 2021.

Ramsamy Y, Essack SY, Sartorius B, Patel M, MLisana
KP. Antibiotic Resistance Trends of ESKAPE Pathogens in
Kwazulu-Natal, South Africa: A Five Year Retrospective
Analysis. Afr. J.Lab. Med. 2018; 7(2):1-8.

Mulani MS, Kamble EE, Kumkar SN, Tawre MS, Pardesi
KR. Emerging Strategies to Combat ESKAPE Pathogens in
the Era of Antimicrobial Resistance: A Review. Front.
inMicrobiol. 2019; 10: 539.

Llaca-Diaz JM, Mendoza-Olazaran S, Camacho-Ortiz A,
Flores S, Garza-Gonzalez E. One-Year Surveillance of
ESKAPE Pathogens in an Intensive Care Unit of
Monterrey, Mexico. Chemothera. 2012;58: 475-481.
Santajit S, Indrawattana N. Mechanisms of Antimicrobial
Resistance in ESKAPE Pathogens. BioMed. Res. Int.
2016;2016: 1-8.

Blesson J. Synergism of Antibiotics and Plant Extract in
Antibacterial ~ Activity against  Methicilin-Resistant
Staphylococcus aureus. J. Bioavail.Bioequiv. 2014; 6: 5
Harlina H, Prajitno E, Nursyam H Rosmiati. Potential Study
of Kopasanda (Chromolaena odorata L.) Leaves as
Antibacterial AgainstVibrio harveyi, Disease Causative
Agent of Tiger Shrimp (Penaeusmonodon fabricius) Post
Larvae. J. Aquacult Res. Dev. 2015; 6(10): 1-5.

Ezeigbo OR, Awomukwu DA, Ezeigbo IC. The
Antimicrobial and Phytochemical Analysis of Leaves of
Apilia africana on Clinical Isolates. Europ. J. Med. Plants.
2016; 15(2): 1-6.

Alavijeh PK, Alavijeh PK, Sharma D. A Study of
Antimicrobial Activity of Few Medicinal Herbs. Asian J.
Plant Sci. Res.2012; 2(4):496-502.

Huma MS, Yamin B, Igra R, Muhmmad AS, Fatima B,
Muhammadi B, Mubashir H, SidraS. Pharmacological
Aptitude and Profiling of Active Constituent from
Otostegia limbata- Comprehensive Review. Asian Pacific J.
Trop. Dis. 2016; 6(11):918-924.

Wentengu MW, Matasyou JC, Kinyanju T. Antimicrobial
Activity of a Solvent Extract from the Leaves of
Tarchornanthus camphorantus (Asteraceae). J. Pharmacog.
Phytochem. 2014;3(1):123-127.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Bello OM, Zack AM, AdikwuJK.The Comparative Studies
of Phytochemical Screening of Piliostigmathonningii Root
and Leaves Extract. Asian J. Plant Sci. Res. 2013;3(6): 74-
77.

Elion Ituo RD, EtuoOssibi AW, Pea C, NsondeNtandou
GF, Nokia CB, Obama JM, Abena AA. Anti-inflamatory
and Analgesic Effects of Leaves of Chromolaena odorata
L. (King and Robinson). Afr J of Pharm and Pharmacol.
2017;11(17): 217-223.

Milimita P, Sujata M, Jnyanaranjan P, Nikunja KM.
Traditional Uses and Phytopharmacological Aspects of
Argyreia nervosa. J. Adv. Pharm. Res. 2013;4(1): 23-32.
Almasaudi SB, Albureikan MO. Antimicrobial Activity of
Onion Juice (Alliumcepa) and Onion Honey Mixture on
Sensitive and Multi-Resistant Microorganism. Life Sci. J.
2012;9(2):775-780.

Rubaka NP, Hamisi MM, Shahada F. Individual and
Combined Antibacterial Activity of Crude Extracts From
Medicinal Plants- Carissa spinarum Linn and Carica
papaya Linn Clarence. Europ. J. Med. Plants. 2014; 4(12):
1513-1523.

Ayinde BA, Owolabi OJ, OkoloCl. Effect of Methanol
Extract of Newbouldia laevis Stem Bark on the Uterus of
Non-Pregnant  Rats.  Nigerian J.  Sci.  Environ.
2013;12(2):90-95.

Bosha JA, Anaga AO, Asuzu IU. Chemical composition of
Newbouldia laevis(P. Beauv) used in the treatment of
diabetes mellitus in Nig.J. Nutr. Obes. 2016;1: 105.

Fatunla OA, OgundareAO, Achimugu Il, Akindele PO.
Effects of Newbouldia laevis Leaf Extract on Vancomycin
and Methicillin Resistant Bacteria Isolates from Federal
Medical Center, Owo. J. Adv. Microbiol. 2016;1(3):1-11.
Bothon FT, Moustapha M, Bogninou SG, Agbangnan PC,
Yehouenou B, Seindé EM, NoudogbessiJP, Auvlessi F,
Sohounhloue DC. Chemical Characterization and
Biological ~Activities of Newbouldia laevis and
Pterocarpuss antalinoides Leaves. Bul. Environ, Pharm.
Life Sci. 2014;3(11): 9-15.

Raina H, Soni G, Jauhari N, Sharma N, Bharadvaja N.
Phytochemical Importance of Medicinal Plants as Potential
Sources of Anticancer Agents. Turk. J. Bot. 2014; 38: 1027-
1035.

Enye LA, Edem EE, Gonaka M, Ekundina V, Akingbade
AM, AdefisayoMA.The Effect of Newbouldia laevis on
Wistar Rat’s Testis and Liver Histomorphology in
Cadmium-Induced Testicular Toxicity and Hepatotoxicity.
World J. Pharmacy&Pharm. Sci. 2015; 4(11): 100-108.

Idu M, Obaruyi GO, Erhabor JO. Ethnobotanical Uses of
Plants among the Binis in the Treatment of Ophthalmic and
ENT (Ear, Nose And Throat) Ailments. Ethnobot. Leaflets.
2009;13: 480-496.

Ukoroije RB, Bawo DS. Biocidal Activity of Leaf Powder
and Extract of Dracaena arborea on the Adult Cockroach
Periplaneta americana (Dictyoptera: Blatellidae). EAS J.
Nutr. Food Sci. 2019; 1(5):108-114.

llodibia CV, Ugwu RU, Okeke CU, Akachukwu EE,
Ezeabara CA. Phytochemical Evaluation of Various Parts of
Dracaena arborea Link and Dracaena manniBak. Afr. J.
Plant Sci. 2015; 9(7): 287-292.

Watcho P, Ngadjui E, Nkeng-Effouet P, Nguelefack TB,
Albert K. Reproductive Effects of Ficus asperifolia
(Moraceae) in Female Rats. Afr. H. Sci. 2009; 9(1):49-53.
Wankeu-Nya M, Florea A, Stefana BL, Watcho P, Matei H,
Kamanyi A. Dracaena arborea Alleviates Ultrastructural
Spermatogenic  Alterations in  Streptozotocin-induced
Diabetic Rats. BMC J. Compl. Alt. Med. 2013;13:71.
Duenngai K, Promraksa B, JanthamalaS,Thanee M,
SirithawatP,Wisungre S, Deechan S, MeechaiN, Paratang
P, Techasen A. Antioxidant and Anticancer Potentials and
Metabolic  Profiling of Benjakul, A Thai Herbal
Preparation. Trop J. Nat. Prod. Res. 2024; 8(4): 6877-6883.

7784

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_%20WHO.pdf
http://www.who.int/medicines/publications/WHO-PPL-Short_Summary_25Feb-ET_NM_%20WHO.pdf

37.

38.

39.

40.

41.

42.

43.

44,

Trop J Nat Prod Res, July 2024; 8(7):7778-7785

Ugwoke-Adibuah S,  ImanyikwaOEI, Ezeonu M,
EzemaJN,Nwangwu CC, Ukhureighe MO. Screening For
Infections In Enugu, Nigeria.J Pharm and Allied Sc, 2022;
19 (2): 3715 - 3721

Barbara L. Z. (2024). Clinical Laboratory Standard
Institute, CLSI: Performance standards for antimicrobial
disc susceptibility test. Fifteenth informational supplement,
CLSI document M100-Ed14, 96

Aghoutane B, Naama A, El Attar I, EI-Gourrami O, El
Monfalouti H, Kartah BE. Phytochemical Composition,
Antibacterial Activity and Acute Toxicity Studies of
Euphorbia resinifiera O. Berg. Trop J Nat Prod Res, 2024;
8(4):6814-6819

Mohammed A, Adeshina GO, Ibrahim YK. Incidence and
Antibiotic Susceptibility Pattern of Bacterial Isolates from
Wound Infections in a Tertiary Hospital in Nigeria. Trop. J.
Pharm.Res. 2013;12(4):617-621.

Mama M, Abdissa A, Sewunet T. Antimicrobial
Susceptibility Pattern of Bacterial Isolates from Wound
Infection and their Sensitivity to Alternative Agents at
Jimma University Specialized Hospital, South-West
Ethopia. Ann Clan Micro. Antimicro. 2014; 13: 14-23.
Kumwenda P, Adukwu EC, Tabe ES, Ujor VC,
Kamudumuli PS, Ngwira M, Wu JI, Chisale RO.
Prevalence, Distribution and Antimicrobial Susceptibility
Pattern of Bacterial Isolates from Tertiary Hospital in
Malawi. BMC Infect. Dis. 2021;21: 34.

Mambe FT, Na-lya J, Fotso GW, Ashu, F, NgameniB,
Ngadjui BT, Beng VP, KueteV.Antibacterial and Antibiotic

45.

46.

47.

48.

49.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Kocuria Species Among Presumptive Coagulase-Negative
Staphylococcus Isolates In Cases Of Urinary Tract
Modifying Potential of Crude Extracts, Fractions and
Compounds from Acacia polyacanthaWilld Against MDR
Gram-Negative Bacteria. Evi-Based Compl. and Alt. Med.
2019; 2019: 7507549

Oko JO, Audu JA, Ojeleye FS, Okeh Q, Jakheng SP, Shittu
KJ, Amos AK, Yusuf., Joshua C. and Dazarami, D.
Comparative Assessment of Antibacterial Activity of
Chromolaena odorata Leaf Extracts against Selected
Clinical Isolates. J. Adv. Microbiol. 2017; 2(2):1-8.

Kanu AM, Kalu JE, Kalu T. In vitro Evaluation of
Ethanolic and  Aqueous  Crude  Extracts  of
NewbouldialaevisLeaves on Bacterial Isolates from Ear
Infections.Int. J. Pharm., Phytochem.Ethnomed. 2018;9: 18-
23.

Obum-Nnadi CN, Okey-Ndeche FN, Nnagbo PA,
Ohabughiro NB. Phytochemical and Antibacterial Activities
of Newbouldia laevis Leaves (Ogirishi) on Two Drug-
Resistant Bacteria. Int. J. Res. Rev. 2020; 7(5):59-66.
Koohsari H, Ghaemi EA, Sadegh-Sheshpoli M, Jahedi M,
Zahiri M. The Investigation of Antibacterial Activity of
Selected Native Plants from North of Iran. J. Med. life.
2015; 8(2):38-42.

Nwachukwu |, Aliga C, Upabi CF, Ukogo I. In-vitro
Antibacterial Effect of Crude Extracts of Chromolaena
odorata Leaves on Wound lIsolates. IOSR J. Pharm. Bio.
Sci. 2016; 11(6): 49-52.

7785

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



