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Abstract

Background: This research assessed the in vitro antibacterial activity of Erigeron floribundus extracts against multidrug-resistant bacterial
strains and explored their potential to enhance the effectiveness of standard antibiotics through synergistic combinations.

Methods: Leaf, stem, and root crude extracts of E. floribundus were obtained using methanol and ethyl acetate. Major phytochemical groups
(total phenols, flavonoids, tannins, saponins) were quantified. The antimicrobial activity of the extracts alone and in combination with amoxicillin,
levofloxacin, and erythromycin was evaluated against laboratory strains of Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa using the broth microdilution assay. Minimum inhibitory concentrations (MICs) and minimum bactericidal
concentrations (MBCs) were determined. Synergy was quantified using the fractional inhibitory concentration (FIC) index.

Results: The methanol leaf extract contained the highest levels of phenolic and flavonoid compounds and exhibited the strongest intrinsic
antibacterial activity. When combined with erythromycin, this extract demonstrated potent synergy against all tested bacterial strains.
Combinations with amoxicillin and levofloxacin produced additive or indifferent effects depending on the bacterial species. The observed synergy
indicates that the extract potentiates erythromycin's antibacterial mechanism.

Conclusion: The methanol leaf extract of E. floribundus possesses considerable antibacterial properties and, more importantly, exhibits
universal synergistic interaction with erythromycin against multidrug-resistant bacteria. This finding corroborates the ethnomedical application of
the plant and highlights its potential as a source of resistance-modifying compounds. Such an approach could help "rescue" existing antibiotics
and provide a new strategy against antibiotic resistance.
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Background

The antibiotic-resistant bacteria are continually increasing,
becoming a major threat to the public health and medicine field all
over the world [1]. In fact, infections due to multidrug-resistant
(MDR) pathogens not only cause prolonged illness and higher
death rates but also bring about enormous healthcare costs, thus
reversing decades of medical progress [2]. The main reasons for
this have been the excessive use of antibiotics both in humans and
animals and the almost complete stop in the development of new
antibacterial drugs [3]. As a result, there an urgent global demand
for new ways of therapy against resistant infections and for the
preservation of the effectiveness of our current antibiotic arsenals
[4]. A promising strategy is combination therapy in which standard
antibiotics are combined with bioactive compounds from natural
sources such as herbal medicines [5, 6]. These substances
extracted from plants can serve as resistance-modifying agents
(RMAs). They may counter antibiotic resistance mechanisms by
preventing bacterial efflux pumps, damaging cell membranes, or
capturing resistance enzymes; thus, bacteria will be susceptible
again to the drugs they have learned to evade [7, 8]. This kind of
combination not only brings the advantage of lower antibiotic dose
when treatment is enhanced which in turn reduces side effects but
also it helps in slowing the development of newer resistance [9].
Erigeron floribundus (H.B.K) Sch. Bip. Compon (Asteraceae) is a
medicinal plant whose use dates back centuries and plays a crucial
role in the traditional medicine of several African areas including
Cameroon and Céte d'lvoire [10, 11]. It is frequently employed to
treat bacterial infections such as dental abscesses, skin disorders,
and abdominal complaints. This is a strong indication that the plant
has inherent antimicrobial properties [12]. Studies on the
phytochemical profiles of this plant have unveiled that it harbors
bioactive secondary metabolites such as phenols, flavonoids, and
tannins which are usually associated with antimicrobial activity [13,
14]. To date, ant-inflammatory, pain relief, and antifungal properties
of the plant have been described. However, little is known about its
exact antibacterial action, especially against today's main clinically
relevant MDR bacterial strains, and whether it could work in
synergy with conventional antibiotics [15, 16]. Therefore, this
investigation focused on the antibacterial and antibiotic-potentiating
proficiency of E. floribundus. Specifically, the study aimed to
assess the in vitro antibacterial activity of crude extracts derived
from the different organs of E. floribundus against a panel of MDR
bacteria and to determine the outcome of their combination with
standard antibiotics (amoxicillin, levofloxacin, and erythromycin).
By thoroughly elucidating this plant—antibiotic synergy, our work
seeks to validate the traditional use of E. floribundus and provide a
scientific, plant-based strategy for combating antimicrobial
resistance globally, potentially reviving the efficacy of present-day
antibiotics.

Methods

Plant material, authentication, and extraction

Wild Erigeron floribundus (H.B.K) Sch. Bip. Compon plants were
collected from the West Region of Cameroon. Identification and
authentication of the plant were done at the National Herbarium of
Yaoundé, where the voucher specimen was deposited under
reference number 7750/HNC. The leaves, stems, and roots were
harvested, air-dried at room temperature (20-25°C) in the shade for
one week, and then pulverized into powder with a mechanical
grinder.
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Each powdered plant part (100 g) was separately subjected to
extraction by cold maceration in 500 mL of solvent (1:5 w/v ratio)
for 48 hours with intermittent shaking every 12 hours. Two different
solvent systems were applied: methanol (99.8% purity, Sigma-
Aldrich) and ethyl acetate (99.5% purity, Sigma-Aldrich). The
mixtures were filtered through Whatman No.1 filter paper. The
filtrates were then concentrated under reduced pressure at 65°C
(methanol) and 78°C (ethyl acetate) using a rotary evaporator
(Heidolph). The crude extracts obtained were placed into pre-
weighed vials and were oven-dried at 40°C to a constant weight.
The extraction yield was calculated using the equation below:

) Weight of dry extract (g)
0, j—
Yield (%) = Weight of dry plant powder (g) * 100

Phytochemical Analysis (Quantitative Determination)

The dried crude extracts were analyzed quantitatively for the major
groups of secondary metabolites.

Total Phenolic Content (TPC) was evaluated by using
the Folin-Ciocalteu colorimetric method according to the
description of Ramde, Tiendrebeogo et al. [17]. In short, 20 pL of
the extract solution (2 mg/mL) was combined with 100 pL of diluted
Folin-Ciocalteu reagent and 80 pL of sodium carbonate solution
(20% wi/v). The mixture was then incubated at 45°C for 30 min, and
the absorbance was measured at 765 nm. The calibration curve
was generated using gallic acid as standard, with the linear
regression equation y = 0.0375x (R? = 0.9988). The results were
expressed as milligrams of Gallic Acid Equivalent per gram of dry
extract (mg GAE/g).

Total Flavonoid Content (TFC) was determined by
means of the aluminum chloride colorimetric method [18]. 100 uL
of the extract (2 mg/mL) was mixed with 100 pL of a solution
containing 50 pL of AICI; (1.2% w/v) and 50 pL of potassium
acetate (120 mM). After the mixture was left to incubate 30 min at
room temperature, the absorbance was read at 415 nm. The
calibration curve was generated using quercetin as standard, with
the linear regression equation y = 0.0298x + 0.1024 (R? = 0.9952).
The content was reported in terms of milligrams of Quercetin
Equivalent per gram of extract (mg QE/g).

Total Tannin Content (TTC) was measured by the
method of Singleton and Rossi [19]. 100 pL of the extract (2
mg/mL) was added to a mixture of 500 pL of Folin-Ciocalteu
reagent and 1 mL of sodium carbonate (35%). The solution was
diluted, kept for 30 min, and the absorbance was read at 700 nm.
The calibration curve was generated using tannic acid as standard,
with the linear regression equation y = 0.0005x + 0.0081 (R? =
0.9904). Tannic acid was the standard, and the results were
expressed as mg Tannic Acid Equivalent per gram of extract (mg
TAE/Q).

Total Saponin Content (TSC) was determined using the
foam index (afrosimetric) method of Koziol [20]. Briefly, 0.5 g of an
extract was mixed with 5 mL of distilled water in a graduated test
tube and shaken vigorously for 30 seconds. After 10 seconds, the
height of the stable foam layer was measured. The saponin content
was calculated using the following formula and expressed in mg
per 100 g of sample (mg/100g).

(0.432 x foam height in cm) + 0.008

Saponins (mg/100g sample) = sample mass ()
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Bacterial strains and culture conditions

The work was done with four bacterial strains, namely
Staphylococcus aureus ATCC 29213, Escherichia coli ATCC
25922, Klebsiella pneumoniae 1 (a clinical isolate), and
Pseudomonas aeruginosa 2 (a clinical isolate). The strains were
streaked on Mueller-Hinton Agar (MHA) slants and stored at 4°C.
Before each test, they were sub-cultured on fresh MHA plates and
incubated for 24 hours. The bacterial inocula were prepared by
picking colonies from the plate, suspending them in sterile saline
solution (0.85% NaCl), and then adjusting the turbidity to a 0.5
McFarland standard (about 1.5 x 108 CFU/mL). The suspension
was finally diluted 1:100 in Mueller-Hinton Broth (MHB) to obtain a
working inoculum of approximately 1.5 x 10 CFU/mL [21].

Antibiotics and chemicals

Reference antibiotics were purchased as pure powders: amoxicillin
(B-lactam), levofloxacin (fluoroquinolone), and erythromycin
(macrolide). Stock solutions (8192 ug/mL) were created in sterile
distiled water or dimethyl sulfoxide (DMSO, =< 1% final
concentration) according to the requirement. Folin-Ciocalteu
reagent, gallic acid, quercetin, tannic acid, AICI;, and all solvents
were of analytical grade. Culture media (MHA and MHB) were
obtained from HiMedia Laboratories.

Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The antibacterial activity of the plant extracts and antibiotics was
tested by using the broth microdilution method in 96-well
microplates according to the guidelines of the Clinical and
Laboratory Standards Institute (CLSI, formerly NCCLS) with slight
changes [22]. Briefly, two-fold serial dilutions of the test agents
were prepared in MHB to obtain a concentration range of 0.25 to
2048 pg/mL. Each well was filled with 100 pL of the diluted agent,
100 yL of MHB, and 100 pL of the standardized inoculum
(approximately 1.5 x 10® CFU/mL). Wells with only MHB and
inoculum acted as growth controls, whereas wells with MHB,
DMSO (at the highest concentration used, <1%), and inoculum
acted as solvent controls. The plates were incubated at 37°C for 24
hours. The MIC was defined asthe minimum concentration
showing no visible growth. For MBC determination, 10 pL from
each well not showing visible growth in the MIC test was sub-
cultured on new MHA plates which were further incubated for 24
hours. The MBC was considered the minimum concentration that
killed 299.9% of the initial inoculum (no colony growth
on subculture). Each assay was done in triplicate (n = 3).

Evaluation of extract-antibiotic combination effects

The combined effect of the drugs was analyzed using the
checkerboard microdilution method [23]. The most potent plant
extract (methanol leaf extract) was used in combination with each
antibiotic. Serial dilutions of the extract and the antibiotic were
mixed in a two-dimensional checkerboard arrangement in the
microplate. The final concentrations ranged from 1/8x to 2x the
predetermined MIC of each agent. The plates were inoculated and
incubated as previously described. All tests were repeated three
times. The degree of interaction was measured by determining the
Fractional Inhibitory Concentration (FIC) index:
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FIC _ Mlcextract in combination
extract = " \iC
extract alone
FIC _ MICantibiotic in combination
antibiotic

M Cantibiotic alone
2FIC = FICeyract + FlCantibiotic

The interaction was interpreted as follows: synergy (3FIC < 0.5),
additivity (0.5 < YFIC < 1), indifference (1 < FIC < 4), or
antagonism (3 FIC > 4) [5].

Statistical analysis

Quantitative phytochemical data and MIC values are presented as
mean + standard deviation (SD). Data were analyzed by one-way
analysis of variance (ANOVA) using SPSS software (Version 22.0).
The differences between means were compared by Waller-
Duncan's post-hoc test at a significance level of p < 0.05.

Results

Extraction yields and phytochemical profile

The extraction yields of the six crude extracts were in the range of
1.36% to 2.59% (w/w), with the methanol root extract giving the
highest yield (Table 1). The quantitative phytochemical analysis
showed that the extracts contained widely different amounts of
various compounds (Table 2). The methanol leaf extract had the
greatest total phenolic content (TPC: 282.21 + 0.17 mg GAE/g) and
total flavonoid content (TFC: 145.47 + 0.33 mg QE/g). The ethyl
acetate stem extract recorded the highest tannin content (14.12 +
0.76 mg TAE/g).

Antibacterial activity of extracts and antibiotics alone

The extracts possessed some degree of intrinsic antibacterial
activity as indicated by the MICs ranging from 256 to >2048 ug/mL
and MBCs from 256 to >2048 ug/mL (Table 3). The methanol leaf
extract showed MIC values of 128 pg/mL, 256 pg/mL, 256 pg/mL
and 1024 pg/mL against S. aureus, E. coli, P. aeruginosa, and K.
pneumoniae, respectively. Based on its MBC/MIC ratios, the
extract exhibited a bactericidal effect (MBC/MIC < 4) against S.
aureus and P. aeruginosa and a bacteriostatic effect (MBC/MIC >
4) against E. coli and K. pneumoniae. Among the reference
antibiotics, levofloxacin showed the lowest MICs (range: 0.25-128
yg/mL) and was bactericidal against all susceptible strains.
Erythromycin had a moderate level of activity (MIC range: 2-128
pug/mL), whereas amoxicillin was ineffective against K. pneumoniae
(MIC >256 pg/mL).

Potentiation of antibiotic activity by methanol leaf extract

The MIC for each antibiotic was assessed with sub-inhibitory
concentrations (1/2, 1/4 and 1/8 MIC) of the methanol leaf extract.
Table 4 presents the MIC values of each antibiotic when combined
with the extract. The greatest degree of potentiation was with
erythromycin, the MIC being lowered 4-fold (to 0.5 pg/mL) for S.
aureus, 16-fold (to 1 pg/mL) for E. coli, and 32-fold (to 0.5 pg/mL)
for P. aeruginosa when 1/2 MIC of the extract was used.
Additionally, the combination of the two agents made amoxicillin
effective against an otherwise resistant K. pneumoniae, as the MIC
was reduced from >256 pg/mL to 64 pg/mL.
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Synergy Assessment via Fractional Inhibitory Concentration (FIC)
Index

The checkerboard method and FIC index were used to measure
the interaction between the methanol leaf extract and antibiotics.
With erythromycin, the combination was synergistic (3FIC < 0.5)
against S. aureus, E. coli, and P. aeruginosa, and additive (3FIC =
0.75) against K. pneumoniae. With amoxicillin, the combination
was synergistic against K. pneumoniae (3FIC = 0.5) and P.
aeruginosa (3FIC = 0.375), additive against E. coli (3FIC =
0.5625), and indifferent against S. aureus (JFIC = 1.125). With
levofloxacin, the combination was synergistic against S. aureus
(3FIC = 0.3125) and E. coli (JFIC = 0.1875), additive against K.
pneumoniae (3FIC = 0.75), and indifferent against P. aeruginosa
(>FIC =1.125).

Discussion

This study reveals that Erigeron floribundus leaves exhibit the
strongest antibacterial activity, which correlates with the high
phenolic and flavonoid content of the methanol leaf extract (Table
2). It is noteworthy that for the same plant part, methanol extracts
generally had higher phenolic and flavonoid contents than their
ethyl acetate counterparts, reflecting the greater extraction
efficiency of polar solvents for these phytochemicals. Phenolic and
flavonoid compounds are well-recognized antimicrobial agents that
exert their effects through multiple mechanisms, including
disruption of cell membranes, inhibition of bacterial enzymes, and
interference with microbial toxin production [24, 25]. The
bactericidal activity (MBC/MIC < 4) observed againstS.
aureus and P. aeruginosa suggests a mechanism beyond simple
growth inhibition, supporting the therapeutic potential of this
extract. These findings provide a phytochemical rationale for the
traditional use of E. floribundus leaves as remedies for bacterial
infections [12].

The intrinsic MIC values of the extract (128—1024 pg/mL)
are modest compared to pure antibiotics but remain within the
range considered significantly active for crude plant extracts [26].
More importantly, the primary value of this extract lies not in direct
antimicrobial action but in its ability to potentiate existing antibiotics
against resistant bacteria.

The results demonstrate that sub-inhibitory
concentrations of the methanol leaf extract substantially enhance
the activity of conventional antibiotics (Table 4). Notably, the
extract reduced the MIC of erythromycin against P. aeruginosa by
32-fold and restored susceptibility of K. pneumoniae to amoxicillin,
effectively reversing resistance that was present prior to
combination treatment.

Table 1. Extraction yields of Erigeron floribundus crude extracts.
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A key finding of this study is the consistent synergistic
interaction between the methanol leaf extract and erythromycin
across all tested Gram-positive and Gram-negative MDR strains,
with >FIC values <0.375 for three of four strains (Table 5).
Erythromycin, a macrolide antibiotic, frequently fails due to
resistance mechanisms such as efflux pumps (e.g., Mef, Msr) and
ribosomal modification [27]. We hypothesize that the high
concentration of flavonoids and phenolics in the extract (145.47 mg
QE/g and 282.21 mg GAE/g, respectively) acts as resistance-
modifying agents (RMAs). Specifically, these phytochemicals may
competitively inhibit macrolide-specific efflux pumps or increase
bacterial membrane permeability, thereby allowing erythromycin to
accumulate intracellularly and reach its ribosomal target at lower
doses [7, 8]. This hypothesis is supported by the bactericidal
activity observed against some strains, suggesting that the extract
targets the cell envelope, which could facilitate antibiotic entry.

In contrast to the universal synergy with erythromycin,
the combination outcomes with amoxicillin and levofloxacin were
variable, ranging from synergistic to indifferent depending on the
bacterial species. This variability is consistent with the distinct
resistance mechanisms associated with each antibiotic class. B-
Lactam resistance (e.g., amoxicillin) is primarily mediated by (-
lactamase enzymes, while fluoroquinolone resistance (e.g.,
levofloxacin) often involves mutations in DNA gyrase or
topoisomerase IV [28]. The phytochemical profile of the extract
appears to be particularly effective against macrolide-specific
resistance (e.g., efflux pumps) but may not directly inhibit B-
lactamases or alter fluoroquinolone target sites. However, the
synergistic effect observed with amoxicillin against K.
pneumoniae and P. aeruginosa suggests an additional, non-
specific mechanism, such as generalized membrane disruption that
enhances antibiotic penetration. Further research is required to
elucidate this mechanism.

This study has several limitations that should be
acknowledged. First, the research was conducted exclusively in
vitro; the observed synergistic effects require validation in vivo to
assess pharmacokinetic compatibility, safety, and efficacy. Second,
the active compounds responsible for the synergistic effect have
not been identified. Bioassay-guided fractionation is needed to
isolate and characterize the specific flavonoids or phenolics that
mediate erythromycin potentiation. Third, no cytotoxicity evaluation
was performed on mammalian cells, which is essential to
determine the therapeutic window of the extract-antibiotic
combination. Fourth, the plant material was collected from the wild,
which may introduce batch-to-batch variability in phytochemical
composition; chemical standardization will be necessary for future
development. Finally, the clinical isolate of K. pneumoniae was not
genotyped; whole-genome sequencing would help correlate
synergy with specific resistance genes. Despite these limitations,
the robust and consistent synergy observed with erythromycin
provides a strong foundation for further investigation.

Plant Part Solvent Yield (%)
Leaves Methanol 1.51
Leaves Ethyl Acetate 1.36
Stems Methanol 1.81
Stems Ethyl Acetate 1.68
Roots Methanol 2.59
Roots Ethyl Acetate 1.78
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Table 2. Quantitative phytochemical composition of Erigeron floribundus extracts (mean + SD).

Extract TPC (mg GAE/g) TFC (mg QE/g) Tannins (mg TAE/g) Saponins*
Methanol Leaves 282.21+0.17 145.47 £ 0.33 6.48 + 0.41 1.11+£0.03
Ethyl Acetate Leaves 187.21 £ 0.76 123.06 £ 0.79 5.94 £ 0.55 1.02 £ 0.55
Methanol Stems 109.30 £ 0.11 89.19+£0.17 8.33+0.22 0.822 £ 0.06
Ethyl Acetate Stems 173.70 £ 0.33 151.70 £ 0.22 14.12+0.76 0.562 + 0.02
Methanol Roots 109.90 + 0.22 87.72 £ 0.68 7.63+0.17 0.476 £ 0.14
Ethyl Acetate Roots 136.44 +0.17 88.62 + 0.52 5.09+0.11 0.303 £ 0.05

*Saponin content expressed as foam height index (cm/g). See Methods. TPC: Total Phenolic Content; TFC: Total Flavonoid Content; GAE: Gallic Acid Equivalent;
QE: Quercetin Equivalent; TAE: Tannic Acid Equivalent.

Table 3. Minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC, pg/mL) of Erigeron floribundus extracts and
reference antibiotics against multidrug-resistant strains.

Agent S. aureus ATCC 29213 E. coli ATCC 25922 K. pneumoniae 1 P. aeruginosa 2

MiC MBC MIC MBC MiC MBC MiC MBC
Methanol Leaves 128 256 256 1024 1024 2048 256 512
Ethyl Acetate Leaves 512 1024 512 1024 2048 ND 1024 ND
Methanol Stems 1024 ND 1024 1024 1024 ND 512 1024
Ethyl Acetate Stems 1024 ND 1024 2048 1024 ND 512 2048
Methanol Roots 1024 1024 512 512 1024 ND 512 1024
Ethyl Acetate Roots 1024 ND >2048 ND >2048 ND 2048 ND
Amoxicillin 0.25 2 1 4 >256 ND 128 ND
Levofloxacin 8 32 4 8 128 ND 0.25 2
Erythromycin 2 8 16 32 128 256 16 32

*ND: Not Determined (MBC > 2048 pg/mL or no growth inhibition at the highest tested concentration).*

Table 4. Minimum inhibitory concentrations (MIC, pg/mL) of antibiotics in the presence of sub-inhibitory concentrations of Erigeron floribundus
Methanol Leaf Extract (FM).

Antibiotic Strain MIC Alone MIC with 1/2 FM MIC with 1/4 FM MIC with 1/8 FM
Erythromycin S. aureus ATCC 29213 2 0.5 0.5 1
E. coli ATCC 25922 16 1 0.5 2
K. pneumoniae 1 128 32 64 128
P. aeruginosa 2 16 0.5 1 1
Levofloxacin S. aureus ATCC 29213 8 2 2 4
E. coli ATCC 25922 4 0.5 0.5 1
K. pneumoniae 1 128 64 64 128
P. aeruginosa 2 0.25 0.25 1 1
Amoxicillin S. aureus ATCC 29213 0.25 0.25 1 1
E. coli ATCC 25922 1 0.5 2 1
K. pneumoniae 1 >256 64 128 128

Table 5. Fractional inhibitory concentration (FIC) indices for the combination of Erigeron floribundus methanol leaf extract with antibiotics.

Antibiotic / Strain >FIC Index Interpretation
With Amoxicillin

S. aureus ATCC 29213 1.125 Indifference

E. coli ATCC 25922 0.5625 Additive

K. pneumoniae 1 0.5 Synergy

P. aeruginosa 2 0.375 Synergy

With Levofloxacin

S. aureus ATCC 29213 0.3125 Synergy

E. coli ATCC 25922 0.1875 Synergy

K. pneumoniae 1 0.75 Additive

P. aeruginosa 2 1.125 Indifference
With Erythromycin

S. aureus ATCC 29213 0.375 Synergy

E. coli ATCC 25922 0.1875 Synergy

K. pneumoniae 1 0.75 Additive

P. aeruginosa 2 0.09375 Synergy
Conclusion Furthermore, the extract demonstrated potent resistance-modifying

properties by synergistically potentiating erythromycin against all
tested bacterial strains. This finding scientifically validates the
traditional usage of the plant and highlights its potential as a source
of natural antibiotic adjuvants. Future work should focus on

In summary, the methanol leaf extract of Erigeron floribundus
exhibited antibacterial activity against multidrug-resistant bacteria.
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identifying the synergistic compounds and determining their
mechanism of action through efflux pump inhibition and membrane
integrity assays. The safety and efficacy of the combination should
be assessed through in vivo studies to develop practical
approaches for resistance therapy.
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