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Abstract: 

Background: Synergistic drug combination has been shown to be a way of bypassing drug resistance and 
reducing the amounts of antimicrobials consumed. As infections caused by multi-drug resistant organisms (MDROs) 

continue to pose global threat, it is important to search for new antimicrobial combinations of plant origin that are 
safe and readily available. The objective of this study is to evaluate the synergistic antimicrobial activity of extracts 

of Morinda lucida fruit and Pterocarpus santalinoides seed against multi-drug resistant (MDR) bacterial isolates                
Methodology: Morinda lucida and P. santalinoides fruits were plucked and washed clean, and the fruits of P. 

santalinoides were deseeded to remove the seeds. They were cut into smaller pieces and dried under shade before 
being milled into smooth powder and extracted with methanol. The clinical bacterial isolates used were MDR 

Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus. 
The phytochemical constituents of the extracts were determined using the standard method. The invitro 

antimicrobial assay of the extracts was done at a concentration of 50 to 400 mg/ml using the agar well diffusion 
technique. The minimum inhibitory concentration (MIC) and fractional inhibitory concentration (FIC) of each extract 

were determined using the Checker-board micro-titration method, and the FIC result obtained for each isolate was 
used to calculate the fractional inhibitory concentration index (FICI) of the combined extracts. The time kill assay 

was performed to confirm the synergistic and bactericidal activities from the MIC values obtained.                         
Results: The phytochemical analysis revealed that the extracts of both herbal plants contained alkaloids, phenol, 

tannin, saponin, glycosides, and terpenoids. The antimicrobial assay results showed that the polyherbal combina- 
tion of the extracts was active against all the MDR bacterial isolates tested with varying zones of inhibition. The 

mean inhibition zone diameters of individual M. lucida and P. santalinoides ranged from 18.0±0.9mm to 26.0±1.4 
mm and 17.0±0.1mm to 24.0±0.2mm respectively, while the MIC ranged from 6.25mg/ml to 12.5mg/ml for M. 

lucida and 12.5 mg/ml for P. santalinoides. The mean inhibition zone diameter of the polyherbal combination of the 
two plant extracts ranged from 25.00±00mm to 34.0±0.4mm, which compared favorably with that of levofloxacin 

control (28.0±0.0mm to 32.00±0.0mm), while their MIC ranged from 0.39mg/ml to 1.56mg/ml. The FIC of M. 

lucida extract ranged from 0.06mg/ml to 0.25mg/ml while that of P. santalinoides ranged from 0.03mg/ml to 

0.13mg/ml. The FICI of combined extracts ranged from 0.09mg/ml to 0.38 mg/ml for all the MDR isolates, which is 
less than 0.5mg/ml, indicating synergism against all the isolates. The time of kill assay confirmed the synergistic 

and bactericidal activities with a 3log10 CFU/ml decrease in the number of viable cells within 6 hours of incubation. 
Conclusion: Our findings showed synergistic antibacterial actions of extracts of M. lucida fruit and P. santalinoides 

seed against MDR clinical bacterial isolates, comparable to levofloxacin. Combination of these herbal plants may 
serve as alternative sources of antimicrobial agents for the treatment of infections caused by MDR bacterial 

pathogens.  
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Résumé: 

Contexte: Il a été démontré que la combinaison synergique de médicaments est un moyen de contourner la 

résistance aux médicaments et de réduire les quantités d'antimicrobiens consommées. Alors que les infections 
causées par des organismes multirésistants aux médicaments (MDRO) continuent de constituer une menace 

mondiale, il est important de rechercher de nouvelles combinaisons d'antimicrobiens d'origine végétale qui soient 
sûres et facilement disponibles. L'objectif de cette étude est d'évaluer l'activité antimicrobienne synergique 

d'extraits de fruits de Morinda lucida et de graines de Pterocarpus santalinoides contre des isolats bactériens 
multirésistants aux médicaments (MDR).                      

Méthodologie: Les fruits de Morinda lucida et de P. santalinoides ont été cueillis et lavés, et les fruits de P. 
santalinoides ont été épépinés pour en retirer les graines. Ils ont été coupés en morceaux plus petits et séchés à 

l'ombre avant d'être broyés en poudre lisse et extraits au méthanol. Français Les isolats bactériens cliniques 
utilisés étaient MDR Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, Pseudomonas aeruginosa et 

Staphylococcus aureus. Les constituants phytochimiques des extraits ont été déterminés à l'aide de la méthode 
standard. Le test antimicrobien in vitro des extraits a été effectué à une concentration de 50 à 400 mg/ml en 

utilisant la technique de diffusion en puits d'agar. La concentration minimale inhibitrice (CMI) et la concentration 
inhibitrice fractionnelle (CIF) de chaque extrait ont été déterminées à l'aide de la méthode de microtitration en 

damier, et le résultat de la CIF obtenu pour chaque isolat a été utilisé pour calculer l'indice de concentration 
inhibitrice fractionnelle (FICI) des extraits combinés. Le test de temps de destruction a été effectué pour confirmer 

les activités synergétiques et bactéricides à partir des valeurs de CMI obtenues.                    
Résultats: L'analyse phytochimique a révélé que les extraits des deux plantes médicinales contenaient des 

alcaloïdes, du phénol, du tanin, de la saponine, des glycosides et des terpénoïdes. Les résultats de l'essai 
antimicrobien ont montré que la combinaison polyherbale des extraits était active contre tous les isolats bactériens 

MDR testés avec différentes zones d'inhibition. Les diamètres moyens des zones d'inhibition de M. lucida et P. 
santalinoides individuels variaient respectivement de 18,0 ± 0,9mm à 26,0 ± 1,4mm et de 17,0 ± 0,1mm à 24,0 ± 

0,2mm, tandis que la CMI variait de 6,25mg/ml à 12,5mg/ml pour M. lucida et de 12,5mg/ml pour P. santalinoides. 

Français Le diamètre moyen de la zone d'inhibition de la combinaison polyherbale des deux extraits de plantes 
variait de 25,00 ± 00mm à 34,0 ± 0,4mm, ce qui se compare favorablement à celui du témoin à la lévofloxacine 

(28,0 ± 0,0mm à 32,00 ± 0,0mm), tandis que leur CMI variait de 0,39mg/ml à 1,56mg/ml. Le FIC de l'extrait de 
M. lucida variait de 0,06mg/ml à 0,25mg/ml tandis que celui de P. santalinoides variait de 0,03mg/ml à 

0,13mg/ml. Le FICI des extraits combinés variait de 0,09mg/ml à 0,38mg/ml pour tous les isolats MDR, ce qui est 
inférieur à 0,5mg/ml, indiquant une synergie contre tous les isolats. Le test de temps de destruction a confirmé les 

activités synergétiques et bactéricides avec une diminution de 3log10 UFC/ml du nombre de cellules viables dans 
les 6 heures suivant l'incubation.                                            

Conclusion: Nos résultats ont montré des actions antibactériennes synergétiques d'extraits de fruits de M. lucida 
et de graines de P. santalinoides contre les isolats bactériens cliniques MDR, comparables à la lévofloxacine. La 

combinaison de ces plantes médicinales peut servir de sources alternatives d'agents antimicrobiens pour le 

traitement des infections causées par des agents pathogènes bactériens MDR. 

Mots clés: Multirésistance aux médicaments, concentration inhibitrice fractionnelle, synergie, damier, test de 

temps de destruction 

Introduction: 

 Infection caused by multi-drug-resistant 

organisms (MDROs) is a global concern, posing 
a health challenge to the general populace (1). 
This phenomenon has led to treatment failures 

from loss of efficacy of most orthodox drugs 
against the pathogens that were once suscep- 
tible to them (2). Antimicrobial resistance (AMR) 
occurs across all microorganisms including ba- 
cteria, fungi, viruses, protozoan and helminths, 
and infection caused by MDROs is associated 
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with high mortality and morbidity from failure 
of treatment, prolonged hospital stays and inc- 
reased economic burden of the people infected 
(3).     
 Medicinal plants have gained recogni- 
tion and patronage over the past two decades 
because of their proven efficacy as alternative 
to orthodox drugs which are expensive and not 
readily available, and to which microorganisms 
are becoming increasingly resistant (4). Herbal 
plants contain high amounts of secondary me- 
tabolites and many are non-toxic, readily avail- 
able, and pocket-friendly with added nutritional 
values (5). Various parts such as leaf, stem- 
bark, roots, and fruits/seeds of herbal plants 
like Morinda lucida and Pterocarpus santalinoi- 
des have been employed in the management 
and treatment of different infections and dise- 
ases in folklore medicine (6).   
 The different parts of many plants have 
been evaluated for their efficacy as therapeutic 
agents. Different parts of M. lucida and P. san- 
talinoides have been reported to possess inhi- 
bitory activity against multi-drug resistant (MDR) 
bacteria such as Escherichia coli, Proteus spp, 
Salmonella spp (8), Staphylococcus spp, Kleb- 
siella spp (7), Candida albicans (8) and para- 
sites (9).     
 Synergistic drug combination is one st- 
rategy for overcoming drug resistance and pre- 
venting or delaying emergence of drug resis- 
tance (10). However, there is paucity of infor- 
mation on the synergistic activity of combina- 
tion of M. lucida and P. santalinoides against 
MDROs. Thus, the objective of this study is to 
evaluate the invitro antimicrobial activity of the 
combination of M. lucida fruit and P. santalinoi- 
des seed extracts against MDR clinical bacterial 
isolates.  

 

 

 

Materials and method: 
 
Study design and period: 

 This was an antimicrobial assay to det- 
ermine the antibacterial activity of methanol 
extract of M. lucida fruit and P. santalinoides 
seed against selected MDR Gram-positive and 
Gram-negative bacteria isolated from the foot 
ulcers of diabetic patients. The clinical isolates 
were obtained from the Department of Micro- 
biology, University of Nigeria Teaching hospital 
Ituku-Ozalla, Enugu State, Nigeria. The study 
was conducted between June 2023 and January 

2024. 
 
Ethical approval:  

 Ethical approval to conduct the study 
was obtained from the Ethics Committee of the 
College of Medicine, University of Nigeria Enu- 
gu Campus. 
 
Plant collection and preparation:  

 Morinda lucida (Fig 1) and P. santalino- 
ides (Fig 2) fruits were harvested, identified, 
authenticated, and given voucher specimen 
numbers by a botanist at the Department of 
Plant Science and Biotechnology, University of 
Nigeria Nsukka, and voucher specimens were 
deposited in the herbarium.    
 The fruits of M. lucida were thoroughly 
rinsed with multiple changes of clean water un- 
til completely clean. The fruits of P. santalin- 
oides were deseeded and the seeds split open- 
ed to facilitate drying and grinding. They were 
then shade-dried before being pulverized into a 
fine powder, and the powder was stored in a 
sterile container until ready for use. 

 
 
 
 
                                                                      
 
 
 
 
 

 
 Fig 1: Morinda lucida fruit                          Fig 2:  Pterocarpus santalinoides seed 
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Extraction of plant and determination of extrac- 
tive index values:    

 Cold maceration was used to extract 
compounds from M. lucida fruits and P. santa- 
linoides seed. About 500g each of the pulve- 
rized fruits and seeds were soaked in 3 liters of 
90% methanol for 48 hours with intermittent 
shaking. The resulting filtrate was dried under 
reduced pressure at low temperature to obtain 
the dried extract after which it was then re- 
constituted in 1000ml of 10% methanol and 
successfully partitioned into fractions using 4× 
1000ml of n-hexane and 6×1000ml of ethyl 
acetate.     
 The purity of the extracts was assess- 
ed by plating the extracts on Mueller Hinton 
(MH) agar and incubated overnight. The for- 
mula used for calculating the extractive yield 
(%, w/w) is Weight of extract × 100/Weight of 
dried plant material. 

Phytochemical screening of the plant extracts: 

 The phytochemical screening of each 
plant each was done for alkaloids tannins, ste- 
roids, flavonoids, saponins, quines, and terpe- 
noids using the method described by the Asso- 
ciation of Official Agricultural Chemists (11). 

Determination of the antimicrobial activities of 

the plant extracts:    

 The MDR clinical bacterial pathogens 
used as test organisms were Staphylococcus 
aureus, Escherichia coli, Proteus mirabilis, Pse- 
udomonas aeruginosa and Klebsiella pneumo- 
niae. The antibacterial activities of M. lucida 
fruits and P. santalinoides seed extracts indivi- 
dually and in combination, were determined 
using the agar-well diffusion technique pre- 
viously described by Achukwu et al., (12). The 
polyherbal was mixed in a 1:1 ratio at 400mg/ 
ml concentration. A bacterial cell suspension of 
5 × 105 was prepared and the turbidity stand- 
ardized to 0.5 McFarland standard.   
 A sterile glass rod was inserted into the 
standardized cell suspension, allowing excess 
fluid to drain. The inoculum was evenly streak- 
ed over the entire surface of the MH agar plate 
and allowed to dry for 10 minutes. Wells were 
made with a 6mm sterile cork borer in the agar 
and the wells were filled with 0.5ml of each 
extract. Levofloxacin (0.05mg/ml) and MH broth 
without extract were filled into separate wells 
to serve as positive and negative controls res- 
pectively. The inoculated plates were incubated 
at 37ºC for 24 hrs. The antibacterial assay was 

performed in triplicates for all the bacterial 
isolates. The mean diameters of zone of inhibi- 
tion of the extracts and controls, against each 
bacterial isolate were calculated and recorded.  

Determination of synergistic antimicrobial acti- 
vities of the plant extracts:   

 The checkerboard assay method was 
used to determine the minimum inhibitory con- 
centration (MIC) of the extracts on the bacte- 
rial isolates and the fractional inhibitory con- 
centration (FIC), which were then used to cal- 
culate the fractional inhibitory concentration 
index (FICI) to determine if there was synergi- 
stic effect of the combined extracts on the test 
bacterial isolates using the methods of Bellio et 
al., (13) and Samara et al., (14).  
 Briefly, a 96µL well was filled with 1.5 
ml of MH broth, 100µl of P. santalinoides seed 
extract was added to the first row on the X-
axis and serially diluted, and 100µl of M. lucida 
fruits extract was added to the first row on the 
Y-axis and serially diluted. 100µl of standardi- 
zed bacteria inoculum was properly vortexed 
and added into the 96 wells. The microtitre 
plate was incubated for 24hours at 37OC. The 
MIC was determined after checking for the 
presence of bacteria by adding 20µL of 2,3,5-
triphenyl tetrazolium chloride (TTC) into the 
wells and then re-incubating for an extra one 
hour. The well with the lowest concentration of 
the extract that did not produce a red color, 
signifying absence of bacteria, was regarded as 
the MIC (15).    
 The FIC of each extract was calculated 
using the equation described by Bremmer et 
al., (16); FICA=MIC of A drug in combination/ 
MIC of drug A, and FICB=MIC of B drug in com- 
bination/MIC of drug B. The FICI is FICA + FICB 

and is defined as synergism if FICI is ≤ 0.5, 
additive if FICI is 0.51-<1, indifferent if FICI is 
1≤4.0, and antagonistic if FICI is >4.0 (16). 

Time-kill assay:    

 The MIC concentrations obtained for 
each isolate against the polyherbal extract com- 
bination were used to determine the time of 
killing at the 2x and 3x MIC of the test bacte- 
rial isolates obtained using the plating method 
described by Achukwu et al., (12) and Brem- 
mer et al., (16). One ml of combined extract at 
2x and 3x MIC was added into 5ml MH broth 
and 0.1ml of the standardized bacterial cell 
suspension was added and properly mixed. The 
inoculated tubes were incubated at 370C over- 
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night. A 0.1ml of the mixture was removed 
from the broths every 2 hours to determine the 
time of bactericidal action, serially diluted and 
plated onto MH agar plate, which was incuba- 
ted for 24 hours at 37OC. Culture plates with 
bacteria colonies were counted and recorded 
as log10 CFU/ml according to the formula of 
Ay’ena et al., (22) and compared with the 
control.      
 The time kill assay graph was produced 
with the time of incubation plotted against the 
logarithm of the number of viable cells. A 
3log10 fold decrease in the original bacterial 
population, corresponding to 99.9% killing, was 

regarded as bactericidal. 
 
Statistical analysis of data:  

 The results were presented as mean of 

three replicates and expressed as mean ± SD. 
Analysis of data was done using the Statistical 
Packages for the Social Sciences version 17.0 
(SPSS 17.0). The level of significance was set 
at p≤ 0.05. 
 

Results: 
 

 The extractive value of M. lucida fruit 
and P. santalinoides seed as presented in Table 
1, shows that methanol solvent for M. lucida 
fruit had a higher extractive value (37.56) than 
P. santalinoides seed (27.38). The phytoche- 
mical constituents of both plants showed that 
they contain valuable secondary metabolites 
such as tannin, phenols, terpenoids, alkaloids 
and flavonoids as shown in Table 2.  

 

Table 1: Methanol extractive index value of Morinda lucida fruit and Pterocarpus santalinoides seed 

Plant parts Appearance of extract Consistency Extractive value (%) w/w 

Morinda lucida Green Pasty 37.56 

Pterocarpus santalinoides Cream Pasty 27.38 

 

Table 2: Phytochemical constituents of extracts of Morinda lucida fruits and Pterocarpus santalinoides seed 

Plant  Saponins Tannins Alkaloids Flavonoids Phenols Steroids Terpenoids Glycosides 

Pterocarpus santalinoides + + + + + + + + 

Morinda lucida + + + + + + + + 

 

Table 3: Mean inhibition zone diameters of different concentrations of Morinda lucida fruit and Pterocarpus santalinoides seed  

Test isolates Morinda lucida fruit extract concentration (mg/ml) Pterocarpus santalinoides seed extract concentration 
(mg/ml) 

Controls 

400 200 100 50 400 200 100 50 Positive 
Control 

(levofloxacin 
0.05 mg/ml) 

 

Negative 
Control 

(DMSO) 

S. aureus 26.00±0.2 23.00±0.7 22.00±0.5 20.00±0.3 24.00±0.0 23.00±1.4 21.00±0.0 20.00±0.0 32.00±0.0 0.00 
 

K. pneumoniae 

 

25.00±0.9 

 

22.00±0.2 

 

21.00±0.6 

 

19.00±0.9 

 

23.00±0.0 

 

21.00±0.0 

 

20.00±1.4 

 

18.00±0.0 

 

28.00±0.0 

 

0.00 
 

P. aeruginosa 

 

24.00±0.2 

 

21.00±0.0 

 

20.00±0.6 

 

18.00±0.9 

 

22.00±0.0 

 

20.00±0.0 

 

18.00±1.4 

 

17.00±0.4 

 

28.00±0.0 

 

0.00 
 
E. coli 

 
26.00±1.4 

 
24.00±1.4 

 
22.00±0.2 

 
20.00±0.0 

 
24.00±0.2 

 
23.00±0.8 

 
21.00±0.3 

 
20.00±0.0 

 
30.00±0.0 

 
0.00 

 
P. mirabilis 

 
25.00±0.0 

 
24.00±0.6 

 
21.00±0.4 

 
19.00±0.0 

 
23.00±0.7 

 
22.00±0.2 

 
19.00±0.7 

 
17.00±0.1 

 
30.00±0.0 

 
0.00 
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Antimicrobial activity of the plant extracts:  

 The antibacterial activity of the ext- 
racts was evaluated by measuring the zone of 
inhibition diameter as shown in Table 3. Both 
extracts were active against the test bacteria 
with varying degrees of zones of inhibitions. 
The mean diameters of zones of inhibition pro- 
duced by M. lucida ranged from 18.0±0.9mm 
to 26.0±1.4mm. The highest zone of inhibition 
was produced against E. coli and S. aureus, 
followed by K. pneumoniae and P. mirabilis and 
the least was against P. aeruginosa. The mean 
diameters of zones of inhibition produced by P. 
santalinoides ranged from 17.0±0.1mm to 
24.0±0.2mm, and the highest activity was ag- 
ainst S. aureus and E. coli while the least was 
against P. aeruginosa.    
 The MIC of M. lucida against P. mirabi- 
lis, S. aureus and E. coli was 6.25mg/ml and 
MBC 3.125mg/ml while against K. pneumo- 
niae and P. aeruginosa, the MIC was 12.5mg/ 
ml and MBC 6.25mg/ml. The MIC of P. santa- 
linoides against all the test bacterial isolates 
was 12.5mg/ml and the MBC 6.25mg/ml. Com- 
paring the antimicrobial activity of extract from 
both plants, M. lucida had statistically signifi- 
cantly higher activity (p<0.05) than P. santali- 
noides.     
 The antibacterial activity of the metha- 
nol extracts of the polyherbal combination of 
M. lucida fruit and P. santalinoides seed was 
significantly higher (p<0.05) against all the 
bacterial isolates tested than the individual 
plant, signifying the synergistic activity of the 
extracts combination as shown in Table 4. The 

mean zone diameter of inhibition of the poly- 
herbal combination against the test isolates 
ranged from 25.00±00 to 34.0±0.4mm, which 
compares favorably with the mean diameter of 
the inhibition zone of levofloxacin control that 
ranged from 28.0±0.0 to 32.00±0.0mm.  
 The zones of inhibition were highest 
against S. aureus and E. coli although there 
was no significant difference between the acti- 
vities of the polyherbal combination against the 
MDR isolates. The MICs of the polyherbal com- 
bination as presented in Table 4, ranged from 
0.39mg/ml to 1.56mg/ml against the isolates, 
and were significantly lower against the isola- 
tes when compared with their individual MIC.  

Synergistic activity of the plant extracts: 

 The synergistic activity of the com- 
bination as shown in Table 5, showed that the 
FICI of the polyherbal combination against all 
the isolates were below 0.5, which signifies the 
synergistic activities of the combined extract 
against the MDR isolates.  

Results of the time-kill assay of the extracts: 

 The time kill assay was expressed as 
3log10 or 99.9% reduction in the number of 
viable cells from the initial inoculum and the 
result is presented in Fig 3. The time-kill assay 
activity at 2×MIC showed that there was close 
to 99.9% cell reduction after 6-8 hours of incu- 
bation while at 3×MIC there was a gross dec- 
rease in the number of viable cells and 99.9% 
of cell death occurred at 6 hours of incubation 
for all the isolates.  

 

 

Table 4: Mean inhibition zone diameter (mm) and minimum inhibitory concentrations of methanol extracts of polyherbal 

combination of Morinda lucida fruits and Pterocarpus santalinoides seed against test bacterial isolates 

Test isolates 
 

Mean zone of inhibition diameter (mm) to extract concentration (mg/ml) Minimum inhibitory concentration (mg/ml) 

400 200 100 50 Morinda 
lucida fruit 

Pterocarpus 
santalinoides 

seed 

Combination of Morinda lucida 
fruits and Pterocarpus 

santalinoides seed 
 

E. coli 34.00±0.0 32.00±0.9 31.00±0.4 28.00±1.4 6.25 12.5 0.39 

 
K. pneumoniae 

 
32.00±0.4 

 
29.00±0.0 

 
28.00±0.9 

 
25.00±0.7 

 
12.5 

 
12.5 

 
1.56 

 
P.  aeruginosa 

 
32.00±0.4 

 
30.00±0.6 

 
28.00±1.4 

 
25.00±0.0 

 
12.5 

 
12.5 

 
1.56 

 
P. mirabilis 

 
33.00±0.2 

 
30.00±0.8 

 
28.00±1.5 

 
27.00±0.4 

 
6.25 

 
12.5 

 
0.39 

 
S. aureus 

 
34.00±0.4 

 
33.00±1.4 

 
31.00±1.4 

 
29.00±0.0 

 
6.25 

 
12.5 

 
0.39 
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Table 5: Evaluation of the synergistic activity of polyherbal combination of Morinda lucida fruits and Pterocarpus santalinoides seed 
extracts against multi-drug resistant bacterial isolates tested 

Test isolates FICA FICB FICI Interpretation 

Escherichia coli 0.06 0.03 0.09 Synergistic 

Klebsiella pneumoniae 0.25 0.13 0.38 Synergistic 

Pseudomonas aeruginosa 0.25 0.13 0.38 Synergistic 

Proteus mirabilis 0.06 0.03 0.09 Synergistic 

Staphylococcus aureus 0.06 0.03 0.09 Synergistic 

A - Morinda lucida; B - Pterocarpus santalinoides; FICI  ≤ 0.5 = synergism; 0.51 < FICI ≤ 4.0 = indifferent; FICI > 4.0 = antagonistic 

 

Fig 3: Time kill assay curve of the polyherbal combination of Morinda lucida fruits and Pterocarpus santalinoides seed against multi-
drug resistant bacterial isolates at 2x and 3x MIC 

Discussion:  

 The high extractive value of the extract 
using methanol could be the reason why alco- 
hol is mostly used in the extraction of plant 
materials in traditional medicine. The various 
vital secondary metabolites found to be pre- 
sent in both extracts are known to be responsi- 
ble for plants' antimicrobial, anti-inflammatory, 
and antioxidant properties. It accounts for the 
overall therapeutic potency of herbal plants 
(17). These phytochemicals are what are harn- 
essed during drug production due to their effi- 
cacy in the treatment and management of 
infectious diseases. They help to revive ortho- 

dox antimicrobials by improving their potency 
and limiting drug resistance (18).  
 Saponins act by facilitating the entry of 
cytotoxic contents into cells, while tannins ind- 
uce cell death through protein denaturation 
(19). Flavonoids inhibit cell walls, disrupt form- 
ation of biofilm, block population sensing, and 
impede adhesion and cell membrane formation 
(20). Secondary metabolites have promising 
effects in overcoming multiple drug resistance 
mechanisms and therefore useful in the mana- 
gement of infectious diseases caused by multi-
drug-resistant organisms (18).   
 Both extracts in this study were active 
against the test bacteria with varying degrees 
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of zones of inhibitions. The highest zone of 
inhibition was produced by M. lucida fruit. The 
antimicrobial activity of M. lucida fruits dem- 
onstrated in our study agrees with the works of 
Kouamé et al., (21) where essential oil of M. 
lucida fruits was shown to be active against P. 
aeruginosa, E. coli and S. aureus. There are 
limited studies on antimicrobial activity of M. 
lucida fruits in the literature, making compari- 
son difficult. The antimicrobial activity of P. 
santalinoides seeds against the test isolates in 
our study was similar to the works of Ay'ena et 
al., (22), who reported inhibitory activity of P. 
santalinoides against enteric organisms and 
that of Emencheta et al., (6) who reported in 
vitro efficacy against S. aureus and E. coli. 
There is also paucity of information in the for 
comparison with our current study, as most 
studies were done on the leaf and stem-bark of 
this plant. The MBCs of M. lucida fruit and P. 
santalinoides seed that ranged between 3.125 
and 6.25mg/ml is an indication of good bacte- 
ricidal effects of the extracts of the two plants.  
 The antimicrobial activity of the extract 
combination that produced larger zones of inhi- 
bition is a proof of higher antimicrobial activity 
in combination and suggests that the extracts 
have different mechanisms of action. The lower 
MIC of the combined extracts could be ascribed 
to the higher inhibitory action in combination 
and confirms synergistic activity of the plant 
combination. It may also suggest the presence 
of antimicrobial-resistant modifying compounds 
in the extracts, hence wider zones of inhibition 
towards the isolates. Mussarat et al., (23) rep- 
orted that polyherbal combinations of plant are 
more effective than use of single extract as 
was observed in our study. There is paucity of 
information in the literature on extract-extract 
interaction to determine synergism of M. lucida 
fruit and P. santalinoides seed because most 
studies have concentrated on investigating the 
inhibitory activity of only the leaf and stem 
barks of the plants.     
 The main advantages of antimicrobial 
combination are synergistic effectiveness at 
lower concentrations which may help reduce 
the emergence of resistant strains, overcome 
resistant organisms and reduce the quantity of 
antimicrobials consumed. In the study by Adwan 

et al., (24), lower MICs in plant combination 
were reported, with synergistic effect against 
bacterial pathogens. Antimicrobials in combina- 
tion could give boosted inhibition and synergis- 
tic activities against microorganisms and serve 
as effective antimicrobials.   
 Polyherbal combination is a common 

practice in traditional medicine as most of their 
preparations are in combination from inception 
(25). These combinations are acclaimed to be 
useful in the treatment of patients with severe 
infections caused by MDROs. The rationale for 
synergistic treatment is the reduction in doses 
of antimicrobials consumed, few or no toxicity, 
and prevention, delaying or overcoming resist- 
ance (25). In most scientific literatures, comb- 
ination of drugs used in treatment is said to be 
synergistic the combination provides better th- 
erapeutic effect than when they are used indi- 
vidually for treatment (26). Interaction bet- 
ween the different components from individual 
phyto-compounds in combined extracts acting 
in unionism, as seen in our study, could be the 
reason for the synergistic effect observed, 
thereby enhancing elimination of microbes by 
combining different modes of action (27). The 
targeting of multiple pathways in the microbes 
could be the reason for the synergism (25). 
 The time-kill assay showed that poly- 
herbal combination of extracts of M. lucida fruit 
and P. santalinoides seed were both time and 
concentration dependent in the inhibition of the 
bacterial isolates. The reduction in the number 
of viable colony counts within 2 and 8 hours of 
incubation showed that the combination had 
active bactericidal potentials and confirms their 
synergistic activity. This could be attributed to 
the antimicrobial properties of the phytochemi- 
cal working in synergism to give the desired 
effect. Studies of synergistic activity of phyto- 
medicine have been brought to limelight as the 
novel way to give scientific evidence of the 
higher therapeutic efficacy of polyherbal medi- 
cine combination to monotherapy. Compounds 
formed by synergistic combinations may be re- 
sponsible for their enhanced efficacy as anti- 
microbial drugs (28). 

Conclusion: 

 The combination of M. lucida and P. 
santalinoides extracts in our study demonstra- 
ted higher antimicrobial activities as shown by 
higher diameters of zones of inhibition and 
lower MICs against all the MDR isolates, when 
compared to those produced by extract of the 
individual herbal plant. The FICI of the combi- 
ned P. santalinoides and M. lucida extracts also 
shows that the combinations produced syner- 
gistic effect. The results of our study give scien- 
tific credibility to the indigenous use of the 
extracts of these herbal plants for the treat- 
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ment of many infectious diseases in our envi- 
ronment  
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