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Abstract:

Background: Antibiotic resistance is currently a major global health concern. Multidrug-resistant (MDR) bacteria
are emerging and spreading rapidly, threatening the ability to treat common infectious diseases such as urinary
tract infection (UTI). The objective of this study is to determine the in vitro antimicrobial activities of two medicinal
plants (Euphorbia hirta and Senna alata) and their synergistic effects with synthetic antibiotics.

Methodology: Aqueous and methanol extracts of the two plants were done using Soxhlet and cold maceration
techniques. The antimicrobial activities of the extracts were assessed against selected clinical microbial isolates
(Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Candida albicans)
using the agar well diffusion while Kirby-Bauer disc diffusion was used for antimicrobial susceptibility testing of
the isolates to some selected synthetic antibiotics as comparator. The minimum inhibitory concentration (MIC) of
the extracts against the isolates was determined by the broth dilution method, and the minimum bactericidal
concentration (MBC) was determined by sub-culturing samples from MIC tubes with no visible growth onto plain
agar to determine the lowest concentration that resulted in 99.9% microbial kill. Synergy of synthetic anti-
microbials and the plant extracts was determined by the modified disk diffusion test. Data were analyzed using
SPSS version 25.0. The Student’s t-test was used to compare the mean zone diameter of inhibition (ZDI) of
triplicate tests for each of the extract on the isolates, and p<0.05 was considered statistically significant.
Results: For E. hirta, methanol extracts exhibited significantly higher inhibitory activity (p<0.05) than aqueous
extracts, particularly against P. aeruginosa (mean ZDI: 20.3£0.577mm vs 7.7£0.577mm) and C. albicans (mean
ZDI: 20.7£1.155mm vs 6.0£0.577mm), with MIC values of 6.25mg/ml and 25.0mg/ml respectively. Similarly,
for S. alata, methanol extracts exhibited higher inhibitory activity than aqueous extracts especially against S.
aureus (mean ZDI: 21.3+£1.528mm vs 6.0£1.155mm), but low inhibitory activity was observed against K. pneu-
moniae (mean ZDI: 7.0£1.000mm vs 6.0£0.577mm). Synergy testing showed enhanced antimicrobial activities
when aqueous and methanol extracts were combined with synthetic antibiotics especially imipenem, producing
significantly larger mean ZDI against S. aureus (45.6£0.577mm vs 48.3£0.577mm for S. alata and 38.3
+ 1.15mmvs 41.3+£1.15mm for E. hirta). The combined extracts of the two plants also demonstrated significantly
higher mean ZDI for methanol compared to aqueous extracts against E. coli (24.0£1.00mm vs 6.3+£0.577mm),
K. pneumoniae (20.3£0.577mm vs 6.7+1.155mm) and C. albicans (21.0£1.155mm vs 6.3+0.577mm).
Conclusion: The synergistic interactions between plant extracts and synthetic antibiotics in this study suggests
a potential application in treatment of infections caused by antibiotic-resistant pathogens.
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Résumeé:

Contexte: La résistance aux antibiotiques est actuellement un probléme de santé mondial majeur. Les bactéries
multirésistantes (MDR) émergent et se propagent rapidement, menagant la capacité a traiter des maladies
infectieuses courantes telles que les infections urinaires (IU). L'objectif de cette étude est de déterminer les
activités antimicrobiennes in vitro de deux plantes médicinales (Euphorbia hirta et Senna alata) et leurs effets
synergétiques avec les antibiotiques de synthése.

Méthodologie: Des extraits aqueux et méthanoliques des deux plantes ont été réalisés par Soxhlet et macération
a froid. Francais Les activités antimicrobiennes des extraits ont été évaluées contre des isolats microbiens
cliniques sélectionnés (Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa
et Candida albicans) en utilis333ant la diffusion en puits d'agar tandis que la diffusion sur disque de Kirby-Bauer
a été utilisée pour les tests de sensibilité antimicrobienne des isolats a certains antibiotiques synthétiques
sélectionnés comme comparateur. La concentration minimale inhibitrice (CMI) des extraits contre les isolats a
été déterminée par la méthode de dilution en bouillon, et la concentration minimale bactéricide (CMB) a été
déterminée par sous-culture d'échantillons de tubes CMI sans croissance visible sur de la gélose ordinaire pour
déterminer la concentration la plus faible qui a entrainé une élimination microbienne de 99,9 %. La synergie des
antimicrobiens synthétiques et des extraits de plantes a été déterminée par le test de diffusion sur disque modifié.
Les données ont été analysées a l'aide de SPSS version 25.0. Frangais Le test t de Student a été utilisé pour
comparer les diameétres moyens de la zone inhibitrice des tests en triple pour chacun des extraits sur les isolats,
et p<0,05 a été considéré comme statistiquement significatif.

Résultats: Pour E. hirta, les extraits au méthanol ont montré une activité inhibitrice significativement plus élevée
(p<0,05) que les extraits aqueux, en particulier contre P. aeruginosa (ZDI moyen: 20,3+0,577mm contre
7,7£0,577mm) et C. albicans (ZDI moyen: 20,7+1,155mm contre 6,0+0,577mm), avec des valeurs de CMI de
6,25mg/ml et 25,0mg/ml respectivement. Francais De méme, pour S. alata, les extraits au méthanol ont montré
une activité inhibitrice plus élevée que les extraits aqueux, en particulier contre S. aureus (ZDI moyen:
21,3+1,528mm contre 6,0+1,155 mm), mais une faible activité inhibitrice a été observée contre K. pneumoniae
(ZDI moyen: 7,0+1,000mm contre 6,0£0,577mm). Les tests de synergie ont montré des activités anti-
microbiennes améliorées lorsque les extraits aqueux et au méthanol étaient combinés avec des antibiotiques
synthétiques, en particulier I'imipénéme, produisant un ZDI moyen significativement plus élevé contre S. aureus
(45,6%£0,577mm contre 48,3+0,577mm pour S. alata et 38,3x1,15mm contre 41,3+1,15mm pour E. hirta). Les
extraits combinés des deux plantes ont également montré un ZDI moyen significativement plus élevé pour le
méthanol par rapport aux extraits aqueux contre E. coli (24,0+1,00 mm contre 6,3+0,577mm), K. pneumoniae
(20,3£0,577mm contre 6,7£1,155mm) et C. albicans (21,0+£1,155mm contre 6,3+£0,577mm).

Conclusion: Les interactions synergétiques entre les extraits de plantes et les antibiotiques de synthése dans
cette étude suggérent une application potentielle dans le traitement des infections causées par des agents
pathogénes résistants aux antibiotiques.

Mots-clés: EFuphorbia hirta, Senna alata, Antibiotiques, Activités antimicrobiennes, Synergique.

Introduction: painful and frequent urination (2). The incid-
ence of UTI is greater in women compared to
Antibiotic resistance is currently a ma- men which may be either due to anatomical
jor global health concern. Multidrug-resistant predisposition or urothelial mucosal adherence
(MDR) bacteria are emerging and spreading to the mucopolysaccharide lining or other host
rapidly, threatening the ability to treat com- factors (3).
mon infectious diseases such as urinary tract The extended spectrum pB-lactamase
infection (UTI) (1). UTI represents one of the (ESBL)-producing bacteria identified among
most common infectious diseases encountered the members of the family Enterobacteriace-
in medical practice today affecting all age ae, are increasingly causing UTI both in hospi-
groups from neonates to geriatrics (1). It is talized patients and outpatients (4,5). The inc-
estimated that about 35% of healthy women reasing drug resistance among these bacteria
suffer symptoms of UTI at some stages in their has made therapy of UTI difficult. Indiscrimi-
life. About 5% of women each year suffer from nate use of antibiotics is considered to be one
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of the main reasons for emergence of drug-
resistance. According to the World Health Org-
anization (WHO), drug-resistant infections could
cause 10 million deaths each year by 2050 and
significant damage to the global economy (6).
Thus, it is very crucial to identify products with
antimicrobial properties that could be utilized
to develop novel and efficient antibiotics.

Plant products have been used since
ancient times to treat diseases and the prac-
tice is continued till today. It is estimated that
about 80% of the population from developing
countries uses medicines derived from plant
species (7). As plant-derived medicines are
safer than synthetic alternatives (8), their
usage will continue to grow in the future. It is
expected that by the year 2050, the value of
international trade of medicinal plants and
their products would reach 5 trillion USD (9).
Plants produce a variety of compounds that
are not used in their primary metabolism but
increase their ability to survive environmental
challenges. These secondary metabolites such
as alkaloids, phenols, terpenes and others are
bioactive and provide defense against herbi-
vores and microbes (10). Different parts of
plants such as the leaf, root, flower, fruit, peel,
bark, seed, stem, rhizome, etc can be used for
therapeutic purposes as they contain high am-
ounts of bioactive compounds with therapeutic
potential (11).

Nigeria is a tropical country with a rich
variety of medicinal plants. It is estimated that
there are several plant species which are exp-
ected to have therapeutic benefits (12). Over
the last decade, numerous studies have been
conducted to analyze the antibacterial proper-
ties of eclectic plants. However, a more diver-
se range of medicinal plants needs to be ana-
lyzed extensively to further enhance knowl-
edge. Thus, this study is designed to evaluate
the antimicrobial properties of some plants in
Nigeria that are used as herbal medicine treat-
ment of many diseases, including Senna alata
and Euphorbia hirta.

Senna alata (also known as ringworm
bush or Cassia alata) and E. hirta (commonly
known as ‘Tawa-Tawa’) have attracted attent-
ion due to their wide range of biological acti-
vities. Both plants are traditionally used in folk
medicine for various ailments, and recent stu-
dies have suggested that their extracts may
exhibit potent antimicrobial effects, particular-
ly against UTI-causing pathogens (13). In this
study, in vitro antimicrobial activities of the
two medicinal plants and their synergistic eff-
with synthetic antibiotics were determined.

Materials and method:

Study area and design:

The study was an evaluation of the in
vitro antimicrobial activities of two medicinal
plants (S. alata and E. hirta) on selected urin-
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ary pathogens and their synergistic effects
with selected synthetic antibiotics carried out
in Medical Microbiology and Parasitology Lab-
oratory of Al-Hikmah University, Ilorin, and
University of Ilorin Teaching Hospital, Ilorin,
Nigeria.

Ethical clearance for the study:

Ethical approval with reference num-
ber (UITH/CAT/189/218/626) was obtained from
University of Ilorin, Teaching Hospital, Nigeria
prior to the commencement of the study.

Plant collection, authentication and pulveriza-
tion of the plant leaves:

Fresh leaves of E. hirta and S. alata
were collected from the premises of Kwara
State stadium Ilorin, Nigeria. The plants were
identified and authenticated at the herbarium
unit of the Department of Plant Biology, Facul-
ty of Life Sciences, University of Ilorin, where
they were given herbarium voucher number
UILH/001/1511/2024 and UILH/001/1059/ 2024
respectively. The leaves were washed thorough-
ly separately and air dried in shade for two
weeks. Dried leaves were ground into a coarse
powder using an industrial blender.

Preparation of the plant extract:

Methanol and aqueous extracts of E.
hirta and S. alata leaves were prepared using
Soxhlet extraction and maceration methods
respectively (14). For the methanol extracts,
100g of powdered leaves were placed in the
Soxhlet apparatus thimbles and extracted with
500 ml of methanol through continuous solv-
ent reflux until exhaustion. The resulting extr-
acts were concentrated using a rotary evapo-
rator at 50°C and then stored at 4°C.

For the aqueous extraction, 100g of
ground leaves were soaked in 200 ml distilled
water for 72 hours at room temperature with
occasional stirring. After filtration, the extracts
were frozen at -20 °C and lyophilized at -50°C
under vacuum to obtain dry powders. The dri-
ed powder was stored at 4°C for further micro-
biological and phytochemical analyses. The
percentage yield of the plant extract was cal-
culated using the formula; Weight of the
extract (g) / Weight of the plant x 100 (15).

Preparation of extract stock solution:

The extract stock solution was prepa-
red by dissolving 2g of each dry plant extract
in 10 ml of dimethyl sulfoxide (DMSO) (200
mg/ml) for methanol extract and 2g of each
dry plant extract in 10 ml of sterile distilled
water (200 mg/ml) for aqueous extract (16)

Test microbial isolates:

The clinical isolates of Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoni-
ae, Pseudomonas aeruginosa and Candida alb-
icans were obtained from the Medical Micro-
biology laboratory of the University of Ilorin
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Teaching Hospital, Ilorin, Nigeria. The isolates
were sub-cultured on Blood and MacConkey
agar plates (bacteria) and Sabouraud dextrose
agar (fungi) and incubated at 37°C for 24 hours
(16).

Determination of antimicrobial activity of the
plant extracts on selected pathogens:

The antimicrobial activity of the plant
extracts on the selected microbial pathogens
was determined by the agar well diffusion
method. Each of the isolate suspension was
prepared by taking a few colonies from over-
night culture plate with sterilized wire loop and
inoculating into normal saline. The turbidity of
the bacterial suspension was adjusted to get
the equivalence of 0.5 McFarland standards
(~1.5 x 108 CFU/ml).

A sterile swab stick was used inoculate
the microbial suspension onto the Mueller
Hinton (MH) agar plate and properly spread to
ensure the entire surface was covered with the
inoculum. Four wells of 6 mm size each were
bored in the inoculated media with sterile cork-
borer. Each well was filled with 50uL of the
plant extracts. DMSO was used as negative/
solvent control while positive controls (genta-
micin 10ug and nitrofurantoin 100ug for bacte-
ria and 10ug fluconazole for fungi) were tested
along the test isolates by the disk diffusion
method.

The extracts and DMSO were allowed
to diffuse into the agar well for 30 minutes at
room temperature and the plates incubated for
24 hours at 37°C. After incubation, plates were
observed for the formation of a clear zone
around the well which corresponds to the anti-
microbial activity of the extracts and DMSO.
The of zone diameter of inhibition (ZDI) was
observed and measured in mm. Three repli-
cates of the experiment were carried out and
the mean (and standard deviation) of the tests
were calculated (15,16).

Determination of minimum inhibitory and bac-
tericidal concentrations of the extracts:

The two-fold broth (tube) dilution
assay was used to determine the minimum in-
hibitory concentration (MIC) of the plant ext-
racts against the microbial pathogens. A total
of 13 test tubes were prepared for the proce-
dure. Tube 1 contained 2 ml of the undiluted
plant extract from the extract stock solution
(200mg/ml), while tubes 2 to 10 each contain-
ed 1 ml of nutrient broth.

A serial dilution (1 in 2) of the extract
was carried out from tube 1 to tube 10 to
achieve varying concentrations (200 mg/ml in
tube 1 to 0.391 mg/ml in tube 10). Subse-
quently, 1 ml of microbial inoculum was added
to each of the 10 tubes. Tubes 11, 12, and 13
served as controls (inoculum control, plant
extract control, and broth control respective-
ly). All the tubes were incubated for 24 hours,
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after which the tube with the lowest concen-
tration of the extract showing no turbidity was
recorded as the MIC.

The minimum bactericidal concentra-
tion (MBC) was determined by sub-culturing
MIC tubes that showed no visible growth onto
plain nutrient agar plate to determine the con-
centration that resulted in complete (99.9%)
microbial kill (16).

Antimicrobial susceptibility test of synthetic
antibiotics against bacteria pathogens:

The susceptibility of the same clinical
microbial isolates to selected synthetic antibio-
tics was determined by the disk diffusion
method of Bauer and Kirby (16). Six broad-
spectrum antibiotics commonly prescribed by
physicians in Nigeria for UTI; amoxicillin-cla-
vulanic acid (augmentin AUG 30ug), imipenem
(IMI 10ug), nitrofurantoin (NIT 100pg), cefta-
zidime (CAZ 30pg), cefoxitin (FOX 30ug), and
gentamicin (GN 30ug) were selected for test-
ing against bacteria, and fluconazole (FCN 10
Hg) against C. albicans.

A sterile swab stick was used to inocu-
late standardized suspension of the microbial
isolate onto the MH agar plate and properly
spread to ensure the entire surface was cover-
ed. The antibiotic discs were then placed on
the surface of the bacterial lawn and the plates
were incubated at 37°C for 24 hours. After
incubation, the zone of inhibition was measur-
ed and compared with the CLSI standard chart
to determine sensitivity or resistance of the
microorganisms to the antibiotics (16).

Antimicrobial effects of combined synthetic
antibiotics and plant extracts:

The antimicrobial effects of combina-
tion of both synthetic antibiotics and plant ext-
racts on bacterial and fungi isolates were det-
ermined by the disc diffusion test. Standardiz-
ed inoculum of overnight culture of each isola-
te was prepared and inoculated separately on
MH agar plates using sterile swab.

Approximately 50uL of each medicinal
plant extract was incorporated into each of the
selected synthetic antimicrobial discs; amoxi-
cillin-clavulanic acid (augmentin AUG 30ug),
imipenem (IMI 10pg), nitrofurantoin (NIT 100
Hg), ceftazidime (CAZ 30ug), cefoxitin (FOX
30ug), and gentamicin (GN 30pg) against bac-
teria, and fluconazole (FCN 10 pg) against C.
albicans.

The plates were incubated at 37°C for
24 hours and the inhibitory zone diameters
were measured and recorded for the combined
extracts and synthetic antibiotics, and comp-
ared with the inhibitory zone diameters recor-
ded for the individual (uncombined) synthetic
antibiotic and plant extract, to determine if
there are synergistic, antagonistic or indiffer-
ence activities.
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Antimicrobial effects of combined extracts of
the two plants on microbial pathogens:

Antimicrobial activity of the combined
extracts of E. hirta and S. alata on the micro-
bial isolates was determined by agar well diffu-
sion method. A sterile swab stick was used to
inoculate standardized suspension of the over-
night culture of each organism onto MH agar
plate and properly spread to ensure the entire
surface of the agar was covered with the
inoculum. Four wells of 8 mm each were bored
into the inoculated media with sterile cork-
borer. Each well was labeled and filled with
100 pL of the mixture of extracts of the two
plants. DMSO was used as negative/solvent
control while positive control (gentamicin 10ug
and nitrofurantoin 100ug for bacteria and 10ug
fluconazole for fungi) were tested on the isola-
tes by the disk diffusion method.

The extracts and DMSO were allowed
to diffuse into the agar for 30 minutes at room
temperature and incubated for 24 hours at
370C. After incubation, plates were observed
for the formation of a clear zone around the
well which corresponds to the antimicrobial
activity of plant extracts/DMSO. The zone dia-
meter of inhibition (ZDI) was observed, and
measured in mm. Three replicates of the exp-
eriment were carried out and the mean (and
standard deviation) were calculated (15,16).

Statistical analysis of data:

Data were analyzed using SPSS ver-
sion 25.0. The Student’s t-test was used to
compare the mean zone diameter of inhibition
(mean ZDI) of triplicate tests for each of the
extract on the isolates, and p<0.05 was con-
sidered statistically significant.

Afr. J. Clin. Exper. Microbiol. 2025; 26 (4): 441-453

Results:

The extraction yields of the plants
showed that the highest yield was obtained
from methanol extract of S. alata of 7.9%
while the least yield was from aqueous extract
of E. hirta of 5.2% (Table 1). Table 2 highlights
the antimicrobial activities of the aqueous and
methanol extracts of E. hirta and S. alata
plants.

For E. hirta, methanol extracts exhibit-
ed significantly higher inhibitory activity than
aqueous extracts (p<0.05), particularly aga-
inst P. aeruginosa (mean ZDI: 20.3£0.577mm
and 7.7£0.577mm respectively) and C. albi-
cans (mean ZDI: 20.7£1.155mm and 6.0%
0.577mm respectively). Similarly, the metha-
nol extract of S. alata outperformed the aque-
ous extract, producing significantly larger (p<
0.05) inhibition zones against S. aureus (mean
ZDI: 21.3£1.528mm and 6.0+£1.155mm resp-
ectively) and E. coli (mean zZDI: 15.3 £ 0.577
mm and 7.0£1.000 mm respectively). How-
ever, both extracts exhibited comparable and
limited activity against K. pneumoniae (mean
ZDI: 7.0£1.000mm and 6.0£0.577mm resp-
ectively).

Table 3 shows the antimicrobial susce-
ptibility of the conventional antibiotics against
selected bacterial and fungi pathogens. The
antibiotic with the highest inhibitory activity
was imipenem on E. coli (ZDI: 35mm), follo-
wed by ceftazidime on K. pneumoniae (ZDI:
30mm). However, all the bacterial uropatho-
gens showed low susceptibility (high resis-
tance) to nitrofuratoin with ZDI ranges of 6-10
mm. Candida albicans on the other hand was
susceptible to fluconazole with ZDI of 26mm.

Table 1: Percentage extract yields of Euphorbia hirta and Senna alata medicinal plants

Plants Solvents Weight of plants/g Weight of extracts/g % yield

Euphorbia hirta Aqueous 100 5.2 5.2
Methanol 100 6.4 6.4

Senna alata Agueous 100 6.0 6.0
Methanol 100 7.9 7.9
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Table 2: In vitro antimicrobial activity of aqueous and methanolic extract of Euphorbia hirta and Senna alata plants on selected
bacteria and fungi pathogens

Organisms Plants

Staphylococcus aureus Euphorbia hirta

Senna alata
Escherichia coli Euphorbia hirta
Senna alata
Klebsiella pneumoniae Euphorbia hirta
Senna alata
Pseudomonas aeruginosa Euphorbia hirta
Senna alata

Candida albicans Euphorbia hirta

Zone of inhibition (mm) t-value p value
Aqueous (Mean * SD) Methanol (Mean * SD)

11.0+ 1.000 10.7 £ 0.577 1.000 0.423
6.0 £ 1.155 21.3 +1.528 -10.094 0.010**
6.0 £ 1.528 18.0 £ 1.000 -8.000 0.015**
7.0 £ 1.000 15.3 £ 0.577 -12.500 0.006**
6.0 £ 1.155 15.0+ 0.577 -15.588 0.004**
6.0 £ 0.577 7.0 £ 1.000 -0.500 0.667
7.7 £ 0.577 20.3 £ 0.577 -19.000 0.003**
7.0 £ 1.000 10.3 £ 0.577 -5.000 0.038**
6.0 £ 0.577 20.7+ 1.155 -16.252 0.004**
6.0 £ 1.155 10.5+ 1.000 -13.000 0.006**

Senna alata

** statistically significant at p< 0.05; mm=millimeter

Table 3: Antimicrobial susceptibility of some selected antimicrobials on selected urinary bacteria and fungi pathogens

Antimicrobials

Zone diameter of inhibition (mm) of microbial pathogens

S. aureus K. pneumoniae

GN (10ug) 15 26
IMI (10ug) 25 27
AUG (30pg) 16 6
CAZ (30u9) 13 30
FOX (30ug)

NIT (100ug)

FCN (10pg) - -

E. coli P. aeruginosa Candida albicans
7 26 -
35 30 -
28 -
10 -
21 8 -
10 6 -

- - 26

GN = Gentamicin, IMI = Imipenem, AUG= Amoxicillin-clavulanic acid, CAZ = Ceftazidime, FOX = Cefoxitin, NIT =Nitrofurantoin, FCN = Fluconazole

Tables 4 and 5 respectively showed
the synergistic effects of S. alata and E. hirta
plant extracts with some selected synthetic
antibiotics. Imipenem showed the strongest
synergistic activity with methanol and aque-
ous extracts of S. alata against S. aureus with
mean ZDI of 48.3+£0.577 mm and 45.6+0.577
mm respectively, followed by P. aeruginosa
with respective mean ZDI of 47.6+0.577 mm
and 39.0+£1.000 mm, and the least, K. pneu-
moniae with respective mean ZDI of 19.3+
0.577 mm and 31.0£1.000 mm. The ZDI val-
ues of the extracts of S. alata combined with
synthetic antibiotics are higher than the ZDI of
the synthetic antibiotics without the extracts
for S. aureus (ZDI: 25mm) and P. aeruginosa
(ZDI: 30mm) in Table 3.

Ceftazidime exhibited the weakest sy-
nergistic activity with methanol and aqueous
extracts of S. alata plant against K. pneumo-
niae (with respective mean ZDI of 11.0£1.000
mm and 31.6+0.577 mm), followed by P.
aeruginosa (with respective mean ZDI of
24.6+£0.577 mm and 10.3%£0.577 mm), and
the least, S. aureus (with respective mean ZDI
of 11.6 £ 0.577 mm and 9.3+1.155 mm)
(Table 4). Fluconazole also exhibited weak or
no synergistic activity with methanol and aqu-
eous extracts of S. alata against C. albicans
with respective mean ZDI of 21.3+1.155 mm
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and 20.3£0.577 mm, which is less than the
ZDI of 26 mm produced by fluconazole without
the extracts (Table 3), indicating possible ant-
agonism.

Similar to S. alata, imipenem showed
the strongest synergistic activity with metha-
nol and aqueous extracts of E. hirta plant
against P. aeruginosa (with respective mean
ZDI of 43.3+1.15 mm and 42.7+1.15 mm),
followed by S. aureus (with respective mean
ZDI of 41.3+1.15 mm and 38.3+£1.15 mm), K.
pneumoniae (with respective mean ZDI of
40.3£0.58 mm and 40.0£1.00 mm), and the
least E. coli (with respective mean ZDI of
20.0£1.00 mm and 20.7£1.53 mm) (Table 5).
The ZDI values of the extracts of E. hirta
combined with synthetic antibiotics are higher
than the ZDI of the synthetic antibiotics with-
out the extracts for S. aureus (ZDI: 25mm)
and P. aeruginosa (ZDI: 30mm) in Table 3.

However, fluconazole exhibited weak
synergistic or indifference activity with metha-
nol and aqueous extracts of E. hirta against C.
albicans with respective mean ZDI of 30.3+
0.58 mm and 26.7+1.15 mm, which was just
slightly higher than the zZDI of 26 mm produ-
ced by fluconazole without the extracts (Table
3) for the methanol extract, but equivalent to
that produced by aqueous extract, indicating
possible indifference activity.
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Table 4: Synergistic effect of Senna alata plant with selected synthetic antimicrobials on urinary bacteria and fungi pathogens

Antimicrobial Organism Zone of inhibition (mm) t-value p-value
Aqueous (Mean % SD) Methanol (Mean + SD)
GN S. aureus 13.5 £ 0.61 22.3 = 1.53 -9.23 0.0009**
K. pneumoniae 15.0 £ 1.17 25.0+ 1.00 -12.01 0.0005**
E. coli 16.2 £1.18 21.9 +£1.23 -4.26 0.0112
P. aeruginosa 25.0 £ 1.00 31.1 £ 0.61 -10.21 0.0003**
IMI S. aureus 45.6 + 0.577 48.3 + 0.577 -4.000 0.057
K. pneumoniae 31.0 £ 1.000 19.3 £ 0.577 35.000 0.001**
E. coli 32.7 £ 0.577 31.3 £ 1.528 1.512 0.270
P. aeruginosa 39.0 £ 1.000 47.6 £ 0.577 -13.000 0.006**
AUG S. aureus 19.3 £ 1.155 20.7 £ 0.577 -4.000 0.057
K. pneumoniae 40.3 £ 0.577 38.0 £ 1.000 7.000 0.020**
E. coli 31.0 £ 1.000 33.6 £ 0.577 -3.024 0.094
P. aeruginosa 21.3 £1.155 27.3 £ 0.577 -10.392 0.009**
CAZ S. aureus 9.3 £ 1.155 11.6 £ 0.577 -7.000 0.020**
K. pneumoniae 31.6 £ 0.577 11.0 £ 1.000 62.000 0.000**
E. coli 15.3 +£ 0.577 14.0 + 0.000 4.000 0.057
P. aeruginosa 10.3 £ 0.577 24.6 £ 0.577 -43.000 0.001**
FOX S. aureus 23.6 £ 0.577 21.0 £ 1.000 4.000 0.057
K. pneumoniae 30.3 £ 17.616 27.3 £ 1.155 0.285 0.803
E. coli 18.3 £ 0.577 14.0 £ 1.000 13.000 0.006**
P. aeruginosa 21.3 £1.528 25.0 £ 1.000 -3.051 0.093
NIT S. aureus 11.3 £ 0.59 12.6+ 0.63 0.00 1.0000
K. pneumoniae 7.0 £1.15 7.0+ 1.15 0.47 0.6769
E. coli 14.0 £ 0.58 14.3 £ 0.58 -2.17 0.1012
P. aeruginosa 12.4 £ 0.45 16.1 £ 0.72 -7.83 0.0013**
FCN Candida albicans 20.3 £ 0.577 21.3 +1.155 -1.000 0.423

GN = Gentamicin, IMI = Imipenem, AUG = Amoxicillin-clavulanic acid, CAZ = Ceftazidime, FOX = Cefoxitin, NIT =Nitrofurantoin, FCN = Fluconazole;
** mean significance at p-value < 0.05; SD: Standard deviation

Table 5: Synergistic effects of Euphorbia hirta with selected synthetic antimicrobials on urinary bacterial and fungi pathogens

Antimicrobials Organism Zone of inhibition (mm) t-value p-value

Aqueous (Mean * SD) Methanol (Mean + SD)

GN S. aureus 11.7 £ 0.58 20.3 £ 1.53 -9.19 0.0008**
K. pneumoniae 12.0 £ 1.00 21.0 £ 1.00 -11.02 0.0004**
E. coli 16.7 £ 1.15 20.7 £ 1.15 -4.24 0.0132**
P. aeruginosa 21.0 £ 1.00 27.7 £ 0.58 -10.00 0.0006**
IMI S. aureus 38.3 £1.15 41.3 £ 1.15 -3.18 0.0335**
K. pneumoniae 40.0 £ 1.00 40.3 £ 0.58 -0.50 0.6433
E. coli 20.7 £ 1.53 20.0 £ 1.00 0.63 0.5614
P. aeruginosa 42.7 £ 1.15 43.3 £1.15 -0.71 0.5185
AUG S. aureus 21.0 £ 1.00 19.7 £ 0.58 2.00 0.1161
K. pneumoniae 40.3 £ 0.58 18.0 £ 1.00 33.50 0.0000**
E. coli 25.3 £ 0.58 25.7 £ 0.58 -0.71 0.5185
P. aeruginosa 20.7 £ 0.58 25.3 £1.15 -6.26 0.0033**
CAZ S. aureus 10.3 £ 0.58 9.0 £1.00 2.00 0.1161
K. pneumoniae 18.0 £ 1.00 23.7 £ 0.58 -8.50 0.0011**
E. coli 6.7 £ 1.15 6.3 £ 0.58 0.45 0.6779
P. aeruginosa 10.3 £ 0.58 34.0 £ 1.00 -35.50 0.0000**
FOX S. aureus 21.0 £ 1.00 23.0 £ 1.00 -2.45 0.0705
K. pneumoniae 27.3 £1.15 22.3 £ 1.53 4.52 0.0106**
E. coli 11.3 £ 0.58 5.7 £ 0.58 12.02 0.0003**
P. aeruginosa 31.0 £ 1.00 30.3 £ 0.58 1.00 0.3739
NIT S. aureus 10.7 +£ 0.58 10.6 + 0.58 0.00 1.0000
K. pneumoniae 6.6 £1.15 6.3 £ 0.58 0.45 0.6779
E. coli 13.3 £ 0.58 14.3 £ 0.58 -2.12 0.1012
P. aeruginosa 10.6 £ 0.58 14.3 £ 0.58 -7.78 0.0015**
FCN Candida albicans 26.7 £ 1.15 30.3 £ 0.58 -4.92 0.0079**

GN = Gentamicin, IMI = Imipenem, AUG = Amoxicillin-clavulanic acid, CAZ = Ceftazidime, FOX = Cefoxitin, NIT =Nitrofurantoin, FCN = Fluconazole;

** mean significance at p-value < 0.05; SD: Standard deviation

447



Synergistic invitro antimicrobial activities of plant extracts and synthetic antimicrobials Afr. J. Clin. Exper. Microbiol. 2025; 26 (4): 441-453

The antimicrobial activity of the com-
bined extracts of E. hirta and S. alata on the
pathogens in Table 6 showed that methanol
extracts of the combined plants exhibited hig-
her inhibitory activity than aqueous extracts
against most of the tested pathogens, produc-
ing significantly higher ZDI against E. coli
(mean ZDI: 24.0+1.000 mm), K. pneumoniae
(mean ZDI: 20.3+0.577 mm), and C. albicans
(mean zDI: 21.0+1.155 mm), compared to
the lower ZDI of the aqueous extracts of 6.3
0.577 mm, 6.7+£1.155 mm and 6.3+0.577
mm for the respective pathogens. There was
no difference in the inhibitory activity of the
combined methanol and aqueous extracts of
the two plants against S. aureus (mean ZDI:
19.3+£0.577 and 16.0+0.577 mm respective-
ly) and against P. aeruginosa (mean ZDI: 20.3
+£0.577 and 20.7£0.577 mm, respectively).

Table 7 presents the MIC values of S.
alata extracts against the selected pathogens,
with methanol extracts producing lower MIC
values (range 6.25-50 mg/ml) than aqueous
extracts (25-100 mg/ml). The lowest MIC
values with methanol extracts of S. alata were
produced against C. albicans (6.25 mg/ml)
and S. aureus (12.5mg/ml), followed by MIC
values of 50 mg/ml against P. aeruginosa, E.
coli and K. pneumoniae. However, high MIC of

100 mg/ml was produced with aqueous ext-
racts of S. alata against K. pneumoniae, P.
aeruginosa and S. aureus.

The methanol extracts of E. hirta pro-
duced lower MIC values (range 6.25-50 mg/
ml) than aqueous extracts (range 50-100 mg/
ml). The lowest MIC values with methanol ext-
racts of E. hirta were produced against P. aer-
uginosa (6.25 mg/ml) and C. albicans (12.5
mg/ml), followed by K. pneumoniae (25 mg/
ml), E. coli (25 mg/ml) and S. aureus (50 mg/
ml). Comparatively, aqueous extracts of E.
hirta produced high MIC values against P.
aeruginosa (25 mg/ml), E. coli (50 mg/ml), S.
aureus (50 mg/ml) and K. pneumoniae (100
mg/ml). ’

Table 8 presents the MBC values of E.
hirta against some selected pathogens. The
MBC values for methanol extracts range from
25 mg/ml against P. aeruginosa to 100 mg/ml
against S. aureus while MBC values for aque-
ous extract range from 100 mg/ml against C.
albicans to 200 mg/ml against S. aureus. For
S. alata, the MBC values of the methanol ext-
racts range from 25 mg/ml against C. albi-
cans to 100 mg/ml against K. pneumoniae
while the MBC values of the aqueous extracts
range from 100 mg/ml against C. albicans to
200 mg/ml against K. pneumoniae.

Table 6: In vitro antimicrobial activity of aqueous and methanolic extracts of combined Euphorbia hirta and Senna alata plants
on selected urinary bacteria and fungi pathogens

Organism Zone of inhibition (mm) t-value p-value

Aqueous (Mean * SD)

Staphylococcus aureus 16.0 £ 0.577
Escherichia coli 6.3 £ 0.577
Klebsiella pneumoniae 6.7 £ 1.155
Pseudomonas aeruginosa 20.7 £ 0.577
Candida albicans 6.3 £ 0.577

Methanol (Mean + SD)

19.3 £ 0.577 -8.000 0.015%**
24.0 £ 1.000 -26.500 0.001%**
20.3 £ 0.577 -41.000 0.001%**
20.3 £ 0.577 1.000 0.423

21.0+ 1.155 -43.000 0.001%**

mean significance at p-value < 0.05; mm = millimeter

Table 7: Minimum Inhibitory Concentration (MIC) of Euphorbia hirta and Senna alata extract against selected urinary bacteria
and fungi pathogens

Organism Euphorbia hirta Senna alata

Aqueous Extract Methanolic Extract Aqueous Extract Methanolic Extract

Staphylococcus aureus 50 mg/ml
Klebsiella pneumoniae 100 mg/ml
Escherichia coli 50 mg/ml
Pseudomonas aeruginosa 25 mg/ml
Candida albicans 50 mg/ml

50 mg/ml 25 mg/ml 12.5 mg/ml
25 mg/ml 100 mg/ml 50 mg/ml
25 mg/ml 50 mg/ml 50 mg/ml
6.25 mg/ml 25 mg/ml 25 mg/ml
12.5 mg/ml 50 mg/ml 6.25 mg/ml
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Table 8: Minimum Bactericidal Concentration (MBC) of Euphorbia hirta and Senna alata extract against selected urinary bacteria
and fungi pathogens

Organism

Euphorbia hirta

Senna alata

Aqueous Extract

Staphylococcus aureus 200 mg/ml
Klebsiella pneumoniae 200 mg/ml
Escherichia coli 200 mg/ml
Pseudomonas aeruginosa 100 mg/ml
Candida albicans 100 mg/ml

Methanolic Extract

Aqueous Extract Methanolic Extract

100 mg/ml 200 mg/ml 100 mg/ml
100 mg/ml 200 mg/ml 100 mg/ml
100 mg/ml 100 mg/ml 100 mg/ml
25 mg/ml 200 mg/ml 100 mg/ml
50 mg/ml 100 mg/ml 25 mg/ml

Discussion:

The extraction yield of the leaves of
the medicinal plants analyzed in this study
showed that the highest yield was obtained
from methanol extracts of S. alata (7.9%)
with methanol extracts of E. hirta producing
a lower yield of 6.4%. The yields with aqueous
extracts were correspondingly lower than the
methanol extracts for the two plants. This
variation is primarily attributable to the nature
of the solvent used, which significantly affects
the solubility and extractability of phytoche-
micals in the plants. Polar solvents such as
water are more selective for hydrophilic com-
pounds, whereas solvents such as methanol,
with intermediate polarity, can extract a broa-
der range of both polar and non-polar consti-
tuents, resulting in higher yields. These find-
ings align with previous studies (17,18) that
reported similar solvent-dependent variations
in extractive values of medicinal plants. Simi-
larly, Tourabi et al., (19) reported that the ext-
raction yield of methanol on medicinal plants
generally exceeded that of aqueous extracts
due to the superior solvent penetration ability
of methanol.

Methanol extracts of E. hirta in our
study demonstrated significantly higher anti-
microbial activity than aqueous extracts, parti-
cularly against K. pneumoniae, E. coli, C. alb-
icans and P. aeruginosa. Similarly, methanol
extracts of S. alata exhibited higher inhibitory
activity against S. aureus and E. coli. These
findings are consistent with those of previous
studies (20,21) which reported that methanol
extracts of medicinal plants exhibited higher
antimicrobial activity than aqueous extracts.
The higher antimicrobial activity of methanol
extracts could be attributed to greater solu-
bility of the active phytochemicals in metha-
nol, leading to enhanced activity (22).

The study on the combined antimicro-
bial effects of E. hirta and S. alata shoed both
synergistic and antagonistic interactions agai-
nst various pathogens. The methanolic extract
of S. alata exhibited antagonistic effects when
combined with E. hirta against S. aureus, as
the inhibition zone decreased from 21 mm (for
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S. alata alone) to 19 mm in the combination.
Conversely, synergistic effects were observed
against E. coli and K. pneumoniae, with inhi-
bition zones increasing from 18 mm to 24 mm
and 15 mm to 20 mm, respectively. These fin-
dings contrast with previous studies (16,23),
which reported strong synergistic interactions
across all tested combinations of medicinal
plant extracts and no antagonistic effects. The
observed variation may be attributed to diffe-
rences in the specific plant species used,
extraction methods, phytochemical composi-
tions, or microbial strains used in the studies.
Adal et al., (24) similarly reported that S. alata
extracts were effective against both Gram-
positive and Gram-negative bacteria, particu-
larly when using organic solvents. Their find-
ings aligns with the results of the current study
regarding antimicrobial activity of S. alata
extracts against S. aureus and P. aeruginosa.

The in vitro antimicrobial susceptibility
of the selected pathogens to the antimicrobial
agents commonly used for the treatment UTIs
showed significant insights into the effective-
ness of the various antibiotics against these
uropathogens in our study. Imipenem was
identified as the most potent antibiotic against
all tested pathogens, which is consistent with
findings from other studies that emphasize its
effectiveness against multidrug-resistant bac-
teria (25,26). However, the growing concern
of resistance to carbapenems, particularly in
hospital settings, has been documented in
other studies, indicating that while imipenem
remains effective, its use should be monitored
closely due to potential resistance develop-
ment (27).

The patterns of the pathogen suscep-
tibility observed align with previous research,
highlighting the challenges in managing UTIs
due to varying resistance patterns (28). Imi-
penem and gentamicin demonstrated minimal
activity against S. aureus, with zone diameter
of inhibition (zZDI) of 25 mm and 15 mm res-
pectively, consistent with findings of Rahim et
al., (29) who reported significant resistance of
S. aureus to these antibiotics. K. pneumoniae
were largely susceptible to imipenem (ZDI:
27mm) and gentamicin (ZDI: 26mm), reinfor-
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cing their effectiveness as treatment options
(30,31). Similarly, ceftazidime (ZDI: 30 mm)
showed strong activity against K. pnheumoniae
as observed in other studies (32). E. coli
demonstrated the highest susceptibility to imi-
penem (ZDI: 35 mm), further confirming its
potency against this common uropathogen. P.
aeruginosa exhibited susceptibility to genta-
micin (ZDI: 26 mm) and imipenem (ZDI: 26
mm), supporting the literature that identifies
these antibiotics as first-line treatments (36).
Fluconazole showed high inhibitory activity
against C. albicans (ZDI: 26 mm), although
susceptibility to fluconazole has been reported
to vary by strain of Candida and location (37).
Overall, imipenem was the most potent anti-
biotic against all tested bacterial pathogens,
consistent with other studies, highlighting its
role against multidrug-resistant strains (38).
However, the increasing concern of carbape-
nem resistance, particularly in the hospital
settings, underscores the need for careful mo-
nitoring of its use (39).

Synergistic testing of the plant ext-
racts combined with conventional antibiotics
evaluated in this study revealed notable syn-
ergistic interactions, particularly with S. alata
extracts. Among the antibiotics tested, imipe-
nem exhibited the highest synergistic activity
when combined with both the methanolic and
aqueous extracts of S. alata, especially against
S. aureus, where the inhibition zones marked-
ly increased from 25mm (for imipenem disc
alone) to 48 mm and 46 mm, respectively.
Amoxicillin-clavulanic acid also displayed sub-
stantial synergistic effects in combination with
S. alata extracts with inhibition zones increas-
ing from 6-28 mm (for amoxicillin-clavulanic
acid alone) to 19-40 mm when combined with
the plant extracts. Gentamicin showed mild
synergism ranges from 13-31 mm compared
to 15-26 mm. Similarly, cefoxitin demonstra-
ted synergism with inhibition zones ranging
from 6-20 mm alone and increasing to 19-30
mm when combined with S. alata extracts.

In contrast, ceftazidime demonstrated
weaker synergistic or indifference effects acr-
oss all tested bacterial pathogens, with inhi-
bition zones ranging from 8-30 mm for cefta-
zidime disc alone, and 9-31 mm when combi-
ned with S. alata extract. Nitrofurantoin also
exhibited weak synergistic effects, with inhibi-
tion zones increasing slightly from 6-10 mm to
7-16 mm across all pathogens. The anti-fungi
drug, fluconazole, when combined with S.
alata extracts, exhibited antagonistic interac-
tion against C. albicans, as the inhibition zone
decreased from 26 mm to 21 mm.

Synergistic activity was also observed
when imipenem was combined with both meth-
anolic and aqueous extracts of E. hirta, parti-
cularly against P. aeruginosa (inhibition zone
of 43 mm for both extracts) and S. aureus (41
mm and 38 mm for methanol and aqueous
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extracts respectively), but no synergistic eff-
ect was observed against E. coli, with inhibi-
tion zones of 20 mm and 21 mm, respectively.
Interestingly, amoxicillin-clavulanic acid in
combination with E. hirta also showed consis-
tent synergism across all tested pathogens,
with inhibition zones ranging from 18-40 mm.
Cefoxitin showed inhibition zones of 6-31 mm,
nitrofurantoin 6-14 mm, gentamicin 11-28
mm, and ceftazidime 6-34 mm when combin-
ed with E. hirta extracts. Contrastingly to S.
alata extracts, fluconazole combined with E.
hirta extracts showed enhanced synergistic
activity against C. albicans, with inhibition
zones increasing from 26 mm to 30 mm. These
findings are consistent with those reported by
Alam et al., (40) and Acharjee et al., (41) who
in separate studies reported enhanced anti-
microbial activities when plant extracts were
combined with standard antibiotics. The obs-
erved synergistic interactions highlight the
therapeutic potential of integrating medicinal
plant extracts with conventional antibiotics as
a strategy to enhance antimicrobial efficacy
and mitigate the global issue of antibiotic res-
istance.

The minimum inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC) results further reinforce the potency of
methanol extracts over aqueous extracts. The
methanol extracts of E. hirta methanol extract
produced lower MIC values, ranging from 6.25
mg/ml against P. aeruginosa to 50mg/ml
against S. aureus, whereas aqueous extracts
ranged from 25mg/ml to 100mg/ml. These
results agree with the study by Mehmood et
al., (42), who reported similar trends in lower
MIC values for methanol extracts of medicinal
plants. Similarly, methanol extract of S. alata
produced MIC values as low as 6.25 mg/ml
against C. albicans but as high as 50mg/ml for
K. pneumoniae and E. coli, contrasting with
aqueous extracts which produced very high
MIC values of up to 100 mg/ml.

These findings agree with the study of
other researchers (42,43), who reported that
methanol extracts of medicinal plants tend to
produce lower MIC and MBC values compared
to aqueous extracts. The MBC test showed
that methanol extracts of both E. hirta and S.
alata exhibited stronger bactericidal effects
compared to aqueous extracts, with MBC of
the methanol extract of E. hirta ranging from
25mg/ml against P. aeruginosa to 100mg/ml
against S. aureus, while aqueous extracts
ranged from 100mg/ml for C. albicans to 200
mg/ml for S. aureus. Similarly, methanol
extract of S. alata produced MBC values that
ranged from 25 mg/ml for C. albicans to 100
mg/ml for K. pneumoniae, whereas the aqu-
eous extracts ranged from 100mg/ml for C.
albicans to 200mg/ml for K. pneumoniae.
These findings agree with previous studies,
demonstrating the superiority of methanol ex-
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tracts in extracting bioactive compounds res-
ponsible for antimicrobial activity. For exam-
ple, Ghaffar and Perveen (44) reported that
methanol extracts of medicinal plants often
produce lower MBC values due to their ability
to dissolve both polar and non-polar phyto-
chemicals, unlike aqueous extracts that mainly
extract polar compounds. Furthermore, Mosal-
laie et al., (45) reported that phenolics and
alkaloids, commonly extracted by methanol,
are crucial contributors to bactericidal activity,
supporting our findings in this study.

Our study has some limitations. First,
the study was entirely an in vitro evaluation,
which may not fully reflect the complex inter-
actions that occur within a living organism.
The observed antimicrobial and synergistic
effects may differ in vivo due to factors such
as bioavailability, metabolism, and host imm-
une system. Second, our study utilized crude
methanol and aqueous extracts, which contain
a mixture of several phytochemicals. This may
mask the individual effect of specific bioactive
compounds, and difficulty in identifying the
potential synergistic or antagonistic interac-
tions among the phytochemicals.

Conclusion:

Nevertheless, this study highlights the
significant antimicrobial properties of both
methanol and aqueous extracts of S. alata and
E. hirta. The methanol extracts consistently
exhibited higher extraction yields and greater
antimicrobial activities compared to the aqu-
eous extracts. Furthermore, the observed syn-
ergistic interactions with antibiotics such as
imipenem underscore the therapeutic poten-
tials of these medicinal plants, especially in the
context of combating antimicrobial resistant
pathogens.
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