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Abstract

Background: Plants, including invasive ones, can play a significant role in the fight against antibiotic resistance and
the search for new antimicrobials.

Aims: The present study aimed at assessing the antimicrobial activity, antibioresistance reversal properties, and toxicity
of four samples from invasive plants, namely, Heracleum mantegazzianum (leaves and flowers), Chenopodium album
(leaves), and Centaurea jacea (flowers).

Methods: The extraction of active compounds was done with ethanol (80%, v/v) and the extraction yields were
calculated. Antimicrobial activity was studied using the agar-well diffusion method against Escherichia coli ATCC
25922, Staphylococcus aureus ATCC 6538, and Candida albicans ATCC 10231. Minimum inhibitory concentrations
(MIC) and minimum bactericidal concentrations (MBC) were determined using the mircodilution method. The
antibioresistance reversal properties were assessed using the checkerboard method and the toxicity of the extracts was
studied using the larval form of the Greater Wax Moth (Galleria mellonella).

Results: The mass yields were 11.9, 15.0, 18.2, and 21.5, respectively, for C. jacea flower (CJF), H. mantegazzianum
flower (HMF), H. mantegazzianum leaf (HML), and C. album leaf (CAL). The highest inhibition diameters (ID) were
found with HMF, CAL, CJF, and HML against S. aureus with 26.6, 21.6, 21.0, and 20.0 mm, respectively. Only CJF
and HMF were active against E. coli with respective ID of 15.3 and 19.0 mm. Except HMF (ID = 13.6 + 2.0 mm), no
other extract was active against C. albicans. Moreover, HMF exhibited the lowest MIC (0.5 mg/ml) and the lowest
MBC (1 and 4 mg/ml) against both S. aureus and E. coli. Regarding the synergy test, an additional effect [0.5 <
fractional inhibitory concentration (FIC) < 1] was found in almost all the combinations antibiotics + extracts excepted
for HMF + (Kanamycin or Ampicillin) against S. aureus and CJF + Ampicillin against £. coli where we found synergy
effect (FIC <0.5). The median lethal doses (LD50s) of HMF, HML, CAL, and CJF were 20.2, 0.58, 13.2, and 4.0 mg/
ml, respectively.

Conclusion: Only the ethanolic extract of HMFs showed noteworthy broad spectrum antimicrobial activity.
Keywords: Invasive plants, Antimicrobial activity, Synergy, Toxicity.

Introduction deaths worldwide, 230,000 of which have resulted from
multidrug-resistant tuberculosis (WHO, 2019). The
WHO estimates that if nothing is done to address this
problem, drug-resistant diseases may cause 10 million
deaths each year by 2050 and damage to the economy
as catastrophic as the 2008-2009 global financial crisis

As the world gradually recovers from the health crisis
caused by COVID-19, countries should pay more
attention to other silent epidemics, such as resistance
to antibiotics, which is constantly growing in medicine,

agriculture, and animal breeding (Souadkia et al., 2021; (WHO, 2019).
Arsene et al., 2022). Recent estimates have shown that Antibiotic resistance is defined as the ability of bacteria
antibiotic resistance is responsible for 700,000 annual to resist the inhibitory or destructive activity of an
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antibiotic to which it was initially sensitive (Su et
al., 2020). It primarily results from the uncontrolled
use of antibacterial drugs both in medicine and in
agriculture, which leads to the recurrent exposure of
bacteria to sub-lethal doses of antibiotics and results in
their adaptation. This adaptation phenomenon results
mainly from the enzymatic degradation of antibiotics
by bacteria (Elekhnawy et al., 2020), the modification
of the antibiotic target (Schaenzer and Wright, 2020),
change in membrane permeability (Singh et al., 2020),
and alternative metabolic pathways (Singh et al., 2020).
Interbacterial transmission of antibiotic resistance
through horizontal gene transfer (conjugation,
transduction, and transformation) has made the situation
critical worldwide (Su et al., 2020). To respond to this
dangerously worrying situation, research teams from
all over the world are permanently evaluating the use of
potential alternatives to antibiotics such as nanoparticles
(Amer and Awwad, 2021), probiotics (Arsene et al.,
2021, 2021b), phage therapy (Ansald et al., 2020),
antimicrobial, peptides (Andersson et al., 2016), and
medicinal plants (Arsene et al., 2021c, 2021d; Mouafo
etal.,2021). Among these alternatives, herbal remedies
have various advantages because of their availability,
fewer reported side effects, cost, high tolerance toward
patients, and lack of bacterial resistance (Wojnicz et al.,
2012).

In this context, all plants, including invasive ones like
Heracleum mantegazzianum Sommier and Levier
(giant hogweed), Centaurea jacea L. (brown knapweed)
and Chenopodium album L. (Pigweed) deserve to be
investigated for their antimicrobial properties. Indeed,
among terrestrial plants, species that are invasive tend
to be larger and have higher growth rate and shoot
allocation than do species that are not invasive (Havel
et al., 2015). These characteristics could be an asset if
the extracts of such plants prove to be antimicrobial
since they are widespread and can be easily cultivable
for an eventual large-scale exploitation.

Therefore, the present study aimed at assessing the
antimicrobial activity, antibioresistance reversal
properties, and the toxicity of the pigweed’s and the
brown knapweed’s leaves, and the giant hogweed’s
leaves and flowers.

Materials and Methods

Vegetal material

The vegetal materials used in this study were flowers of
H. mantegazzianum Sommier and Levier and C. jacea
L., and leaves of C. album L and H. mantegazzianum.
The three plants were collected in June 2021 in the city
of Mozhaysk (55°35'02.6"N 35°51'55.5"E, Mozhaysky
District, Moscow Oblast, Russia) after identifying
the plants using the mobile professional version of
PictureThis-Plant Identifier (Glority LLC, 2021). After
the harvest, the plant materials were conducted to the
laboratory, dried at 37°C until constant mass and dry
matter content was calculated. Thereafter, the plants

were grinded and powders with a particle size of less
than 1 mm were stored in a sterile airtight container
until further use.

Bacterial strains

The microorganisms used for the screening of
antimicrobial activity consisted of three standard
strains. Staphylococcus aureus ATCC 6538 was used
as Gram positive model, Escherichia coli ATCC 25922
as Gram negative model, and Candida albicans ATCC
10231 as fungi model. All the microorganisms were
provided by the laboratory of microbiology of RUDN
university.

Galleria melonella

Galleria mellonella larvae were obtained commercially
from https://ecobaits.ru/ (ECO BAITS, Moscow,
Russia) and stored at 15°C prior to use. Dead larvae and
those with dark spots or showing signs of melanisation
were discarded.

Chemicals and media

Dimethyl sulfoxide (DMSO) was purchased from
BDH Laboratories, VWR International Ltd., USA.
We also used BHIB (Brain Heart Infusion Broth,
HiMedia™ Laboratories Pvt. Ltd., India), Muller
Hinton Agar (MHA HiMedia™ Laboratories Pvt. Ltd.,
India), Sabouraud Dextrose Broth (SDB, HiMedia™
Laboratories Pvt. Ltd., India), and all other reagents
and chemicals used were of analytical grade.
Phytochemical extraction

As we described in our previous investigation ((Arsene
et al., 2021b), 30 grams of each vegetal material was
weighed and added to 270 ml of the ethanolic solution
(80%, v/v) in a conical flask. The flasks were covered
tightly and were shaken at 300 rpm for 24 hours and
25°C in a shaker incubator (Heidolph Inkubator 1,000
coupled with Heidolph Unimax 1,010, Germany). The
mixtures were then filtered using Whatman filter paper
No 1 then concentrated at 40°C in rotary evaporator
(IKARV8) equipped with a water bath IKA HB10 (IKA
Werke, Staufen, Germany) and a vacuum pumping unit
IKAMVP10 (IKA Werke, Staufen, Germany). The final
dried crude extracts were weighed. Extraction volume
and mass yield were determined using the following
formulas:

Volume of the extract after

Volume yield (%) = filtration (ml) x 100
Initial solvent volume (ml)
Mass of extracted plant
Mass yield (%) = residues (g) x 100

Mass of plant raw sample(g)

Preparation of antimicrobial solution

For each plant extract, the crude extract was dissolved
in the required volume of DMSO (5%, v/v) to achieve
a concentration of 64 mg/ml. The extracts were
sterilized by microfiltration (0.22 um; Merck Millipore,
Tullagreen, Cork, Ireland) and the solutions obtained
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was used to prepare the different concentrations used in
the analytical process.

Inoculum preparation

Bacteria were cultured for 24 hours, 0 rpm, and at
37°C in 10 ml of BHIB while the yeast (C. albicans
ATCC 10231) was cultured in the same volume of SDB
and the same conditions (0 rpm, 24 hours at 37°C in
10 ml). After incubation, the cells were collected by
centrifugation (7,000 g, 4°C, 10 minutes), washed
twice with sterile saline (0.9%), resuspended in 5 ml of
sterile saline to achieve a concentration equivalent to
McFarland 0.5 using DEN-1 McFarland Densitometer
(Grant-bio, Grant instruments Ltd., Cambridge, UK).
Screening of antibacterial activity

Assessment of antimicrobial activity using well
diffusion method

The well-agar diffusion method described in our
previous investigation (Arsene ef al., 2021b) was used
to assess the antimicrobial activity of the extracts.
Briefly, 15 ml of sterile Muller-Hinton Agar (for
bacteria) or Sabouraud Dextrose Agar (SDA) (For C.
albicans) were poured into petri dishes and 100 pl of
each microorganism were spread. Wells with a capacity
of 20 ul were drilled on the culture medium and 20 pl
(at 100 mg/ml) of each plant extracts were added. The
sterile DMSO (5%, v/v) used to prepare the extracts
was used as negative control and all the trials was done
in triplicate. After incubation at 37°C for 24 hours, the
inhibition diameters (ID) were measured.
Determination of minimum inhibitory concentrations
(MIC)

MIC is the lowest concentration of antibacterial
agent that completely inhibits the visible bacterial
growth. The MIC of the extracts was determined
using the microbroth dilution method as described in
our previous published work (Arsene et al., 2021Db).
Briefly, 100 pl of broth (BHIB or SDB) was added to
all the wells of sterile U-bottom 96-well microplates
and extracts preparations (64 mg/ml) were subjected to
serial twofold dilution. Each column represented one
type of extract and a single strain. For each test well, 10
ul of the respective inoculum (with turbidity equivalent
to a 0.5 McFarland scale) was added. Finally, the plates
were covered and incubated at 37°C for 24 hours
and after incubation, MIC was considered the lowest
concentration of the tested material that inhibited the
visible growth of the bacteria.

Determination of minimum bactericidal concentration
(MBC)

MBCs were determined by subculturing the wells
without visible growth (with concentrations >MIC)
on MHA or SDA plates. Inoculated agar plates
were incubated at 37°C for 48 hours and MBC was
considered the lowest concentration that did not yield
any microbial growth on agar.

Tolerance level

Tolerance level of tested bacterial strains against
aqueous and ethanolic extract was determined using the
following formula (Mondal ef al., 2020):

MBC
MIC

Tolerance =

The characteristic of the antibacterial activity of extracts
was determined by the tolerance level indicating the
bactericidal or bacteriostatic action against the tested
strains. When the ratio of MBC/MIC is >16, the
antibacterial efficacy of the test agent is considered
as bacteriostatic, whereas MBC/MIC <4 indicates
bactericidal activity (Mondal et al., 2020).

Modulation of common antibiotic using the checkboard
The checkerboard method, commonly used for the
determination of synergy between the antibiotics and
natural antibacterial compounds, was used for the
antibiotic modulation assay (Arsene et al., 2021b).
Modulations of ampicillin (AMP), nitrofurantoin
(NIT), and kanamycin (KA) were performed with
extracts whose MIC was successfully determined.
The fractional inhibitory concentration (FIC) index
was calculated, as previously described (Trabelsi et
al., 2020; Arsene et al., 2021b). Briefly, the individual
MICs of the antibiotics (MIC-ATB) and the extract
(MIC-extr) on the two targeted strains (S. aureus and
E. coli) were first determined using the microdilution
method as described above. Then, the new MIC
values (MIC'-ATB and MIC’-extr) were determined
after combining the two substances. Combinations of
antibiotics + extracts were prepared by mixing the two
antimicrobial solutions in 50:50 (v:v) proportions with
initial concentrations depending on each stock solutions.
To assess the interaction between the antibiotic and the
natural extract, the FIC was determined using the using
the formula:

FIC=FICA + FICB,

MIC'ATB
MIC ATB

MIC'extr

and FICB =——
MIC extr

With: FICA =

The FIC index was interpreted as follows FIC <0.5,
synergy; 0.5 < FIC <1, addition of effects; 1 < FIC <4,
indifference and for FIC >4, Antagonism (Trabelsi et
al., 2020).

Toxicity assay

The toxicity was evaluated as previously described
(Mbarga et al, 2021a). First, each extract was
dissolved in sterile phosphate-buffered saline (PBS)
to obtain a concentration of 50 mg/ml which was
then diluted to obtain concentrations of 40, 20, 10,
5, 2, 1, and 0.5 mg/ml. Furthermore, the larvae were
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weighed and only those from 0.2 to 0.5grams were
retained. For each concentration of extract, 3 groups of
20 randomly selected G. mellonella larvae were used
(Fig. 1-A). 20 pl of each dilution were injected using
a 0.3 ml Terumo® Myjector® U-100 insulin syringe
(VWR, Russia) through the base of the last left proleg
as we described in our previous study (Mbarga et al.,
2021a), and shown in Figure 1-B. Control groups of 10
larvae injected with 20 pl sterile PBS were also included.
After 24 hours of incubation in the dark at 37°C, larvae
were examined for mortality, and were considered dead
if they were unmoving, failed to reorient themselves
when placed on their backs, and failed to respond to
stimuli. Percentage survival was plotted as a function
of concentration for each of the plants extract using
Spline cubic model in the statistical software XLSTAT
2020 (Addinsof Inc., New York, NY) and median lethal
dose (LD50), 90% lethal dose (LD90) and the 100%
lethal dose (LD100) values expressed in mg/ml were
calculated using each specific spline cubic equation or
spline cubic curves obtained. Spline curves were not
used when the fit accuracy of the spline equation was
less than 90%). The mean weight of each group of 20
larvaec was used to extrapolate the LD50, LD90 and
LD100 values for each plant extract in g/kg using the
formulas:

Volume administered

bL?50(s/k}1gt) _ (ml)xLD50(mg/ml) x 1073

6] wel

vy weg Body weight (kg)
Volume administered

LD90(g/kg  _ (ml)*xLD90(mg/ml) x 1073

body weight)

Body weight (kg)

Volume administered

LD100(gke _  (1m1)xLD100(mg/ml) x 107
body weight) B -
ody weight (kg)
Ethical approval
Not applicable.
Results

Dry matter and extraction yield

As shown in Table 1, the highest dry matter content
was observed on leaf of C. album (53.0%) and leaf
of H. mantegazzianum (35.3%). Flowers of C. jacea
and H. mantegazzianum consisted mainly of water
with water contents of 79.3% and 72.5%, respectively.
In addition, the volume yield was greater in leaves
(89.7% and 81.8%) than in flowers (73.1% and
64.5%). The mass yields were 11.9%, 15.0%, 18.2%,
and 21.5%, respectively, for C. jacea flower (CJF), H.
mantegazzianum flower (HMF), H. mantegazzianum
leaf (HML), and C. album leaf.

Antimicrobial activity

Antimicrobial activity was assessed both through
ID using the agar well diffusion method and through
determination of minimum MIC and MBC. The results
of the antimicrobial activity of the extracts against
S. aureus ATCC 6538, E. coli ATCC 25922, and C.
albicans ATCC 10231 have been grouped in Table 2. All
extracts were not active against all the microorganisms
tested. Regarding the ID, we found that they ranged
from 0.0 + 0.0 to 26.6 + 1.5 mm. The highest
antimicrobial activity materialized with the highest IDs
was observed against S. aureus with 26.6 + 1.5, 21.6 +
2.8,21.0 £ 0.9 and 20.0 + 1.4 mm, respectively, with
HMF, C. album leaf (CAL), CJF and HML. Only CJF

Fig. 1. (A) Group of 20 larvae and (B) Injection of G. mellonella larvae with plant extract through the last left proleg.
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Table 1. Dry matter and extraction yield of the plant materials used.

Plant Dry matter (%)  Water content (%)  Volume yield (%) Mass yield (%)
H. mantegazzianmum Leaf 353 64.7 81.8 18.2
Flower 27.5 72.5 73.1 15.0
CIJF 20.7 79.3 64.5 11.9
CAL 53.0 47.0 89.7 21.5
Table 2. MIC, MBC, and ID (at 50 mg/ml) of plant extracts.
Microorganisms MIC (mg/ml) MBC (mg/ml) MBC/MIC ID (mm)
S. aureus ATCC 6538 4 8 2 20.0+1.4
HML E. coli ATCC 25922 64 >64 - 0.0£0.0
C. albicans ATCC 10231 >64 >64 - 0.0£0.0
S. aureus ATCC 6538 2 4 2 21.0+0.9
C. jacea L. flower E. coli ATCC 25922 8 64 8 153+1.1
C. albicans ATCC 10231 >64 >64 - 0.0£0.0
S. aureus ATCC 6538 0.5 1 2 26.6+1.2
HMF E. coli ATCC 25922 0.5 4 8 19.0+ 1.7
C. albicans ATCC 10231 8 32 4 13.6 £2.0
S. aureus ATCC 6538 1 4 4 21.6+£2.8
CAL E. coli ATCC 25922 >64 >64 - 0.0£0.0
C. albicans ATCC 10231 >64 >64 - 0.0£0.0

and HMFs were active against E. coli with respective
IDof 15.3 + 1.1 and 19.0 £ 1.7 mm. Except HMF (ID =
13.6 + 2.0 mm), no other extract was active against C.
albicans. Moreover, MIC and MBC values varied from
0.5 to >64 mg/ml and 1 to >64 mg/ml, respectively.
All the extracts were more active on S. aureus (0.5 <
MIC <4 mg/ml) compared to their activity on other
E. coli. Flowers of H. mantegazzianum exhibited the
lowest MIC (0.5 mg/ml) and the lowest MBC (1 and
4 mg/ml) against both S. aureus and E. coli. Similarly,
unlike other extracts which had indeterminate MIC
(>64 mg/ml), only the MIC of HMF was successfully
determined (8 mg/ml) against C. albicans. We were
able to calculate the MBC/MIC ratio in 7/12 of the
tests and this ratio varied from two to eight. The lowest
MBC/MIC ratio (2) associated with the lowest MIC
and MBC was observed with HMFs against S. aureus
Synergistic effect between common antibiotics and
plant extracts using checkboard method

Table 3 shows the results of modulation of AMP, KA,
and NIT with H. mantegazzanum leaf (HML), CJF,
HMF and CAL against S. aureus and E. coli. We noted
that the FIC ranged from 0.250 to 1.000. The lowest
FIC (0.250) associated with the highest fold decrease
(8) of the concentration of antibiotic was found with
the combinations AMP-CJF and AMP-HMF against S.
aureus. FICs >1 were observed in KA-CAL and NIT-
HML combinations against S. aureus and with KA-CJF
and AMP-HML against E. coli.

Toxicity assay

The median lethal doses (LD50), 90% (LD90) and
100% (LD100) were determined using the spline cubic
survival curves (Fig. 2) from the data obtained on the
survival rate of the Greater Wax Moth (G. mellonella)
24 hours after the injection with the extracts. As shown
in Table 4, the LD50 values of HMF and CAL were
20.2 and 13.2 mg/ml, respectively. In addition, we
found that leaves of H. mantegazzianum and flowers
of C. jacea had the lowest LD. The LD50 (mg/ml) of
HML was 0.58 (0.27 g/kg bw (body weight)) while that
of CJF was 4.0 (2.28 g/kg bw). The concentrations of
HMF and CAL capable of killing 100% of the larvae
(LD100) were higher than the highest concentration
tested (>50 mg/ml) while the LD100 (mg/ml) of the
leaves of H. mantegazzianum and flowers of C. jacea
were, respectively, 3.91 (1.73 g/kg bw) and 30.39
(19.21 g/kg bw).

Discussion

Invasive plants are mainly known to cause economic
losses in agriculture (Pimentel et al., 2005). This
characteristic comes from the fact that they grow very
quickly and sometimes with limited resources, even
in hostile environments (Pint6-Marijuan and Munne-
Bosch, 2013; Havel et al.,, 2015). Thus, research
devoted to these plants is very often aimed at finding
effective means to combat them, while very few studies
investigate their biological properties (Maximo et
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Fig. 2. Survival curves for G. mellonella larvae against ethanolic extract of (A) HML, (B) CJF, (C) HMF, and (D) CAL. Each data
point represents the mean percentage survival of three groups of 20 larvae, following injection with 20 pl of specific concentrations

of the selected plant extract and incubation for 24 hours at 37°C.

Table 4. LD50, LD90, and LD100 values for the tested plants using G. mellonella model.

LD50 LD90 LD100
Plant materials mg/ml g/kg of body weight mg/ml  g/kg of body weight mg/ml g/kg of body weight
HML 0.58 0.27 2.31 1.34 3.91 1.73
CJF 4.0 2.28 18.10 10.58 30.39 19.21
HMF 20.2 11.45 >50.00 >40.34 >50.00 >37.93
CAL 13.2 6.94 >50.00 >38.19 >50.00 >39.72

al., 2020). Against the current backdrop of alarming
growth in antibiotic resistance, invasive plants that
demonstrate worthy antimicrobial activity can be of
great use and their rapid growth could be an asset for
their potential large-scale exploitation.

In the present study, we investigated the antimicrobial
properties of four extracts from three plants recognized
as invasive, namely, H. mantegazzianum (giant
hogweed), C. jacea (brown knapweed), and C. album
(Pigweed). First, as shown in Table 1, we found that
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the dry matter content and the extraction mass yields
were positively and significantly correlated (Pearson
correlation coefficient = 0.974 and p = 0.026). Indeed,
plants with a high percentage of dry matter (e.g., 53.0%
for CAL) had the highest mass yield (21.5% for CAL)
while, plants with the lowest dry matter percentage
(20.7%) like CJF had the lowest mass yield (11.9%).
The same dynamic was observed with CJF and HMFs.
This observation is quite strange because we used the
same mass of each plant (30grams) after drying them
all. However, we can explain it by the tendency of
plants to try to reabsorb (during extraction) the amount
of water that they lost during drying (Bewley, 1973).
This hypothesis was confirmed by observing the
volume yields (Table 1), where we found that the plants
with the highest dry matter content were associated
with the highest volume yields while the plants with the
lowest dry matter content were associated with lower
volume yields.

Moreover, regarding the antimicrobial activity using
well-agar diffusion method, HMF, CAL, CJF, and HML
have demonstrated very good activity against S. aureus
(with ID >20 mm), while only CJF and HMFs were
active against E. coli with respective ID of 15.3 £+ 1.1
and 19.0 = 1.7 mm. On the one hand, the ID observed in
this study showed that the active compounds involved
in the antimicrobial activity of these plants can diffuse
in aqueous media. Indeed, most of the time, one of the
reasons why some plants do not show antibacterial
activity is the relatively non-polar nature of the active
compounds, which makes them very little diffuse
in the aqueous agar matrix used in agar diffusion
studies (Eloff, 2019). Moreover, this difference in
the antimicrobial activity could be explained by the
variability of phytochemical profile of the plants.
In addition, the higher sensitivity of Gram-positive
bacteria compared to Gram-negative bacteria could
be explained by the differences in the composition of
their cell wall (Acosta-Gutiérreza et al., 2020). Indeed,
Gram-positive bacteria have an outer wall made
essentially of peptidoglycan which is an ineffective
permeability barrier (Acosta-Gutiérreza et al., 2020),
while the outer phospholipid membrane of Gram-
negative bacteria makes the outer layer impermeable to
lipophilic solutes and constitutes a selective barrier to
hydrophilic solutes. These observations were confirmed
when determining MIC and MBC where the lowest
MIC and MBC were observed on S. aureus compared
to E. coli (Table 2).

These findings are different to that stated by Etame et
al. (2019) who found no significant difference in the
MIC values of plant extracts against Gram positive and
Gram-negative bacteria. Furthermore, Except HMF (ID
= 13.6 = 2.0 mm), no other extract was active against
C. albicans. This resistance of C. albicans compared
to bacteria could be ascribed to their membrane
composition which is different to those of bacteria.
In fact, the higher number of anionic phospholipids

in the membrane of bacteria ease their interaction
with antimicrobial compounds and thus increase their
sensitivity (Oren et al., 1997; Papo and Shai, 2003).
Moreover, flowers of H. mantegazzianum exhibited
the lowest MIC (0.5 mg/ml) and the lowest MBC (1
and 4 mg/ml) against both S. aureus and E. coli. The
antimicrobial activity of H. mantegazzianum can be
ascribe to compounds, such as octyl acetate hexyl
2-metylbutyrate, hexyl isobutyrate, and hexyl butyrate,
which has been identified as it dominant constitute
(Matouskova et al., 2019). Similarly, the activity of
C. album leaves against S. aureus can be ascribed to
flavonoid, saponin, cinnamic acid amide, alkaloid
chenoalbicin, apocarotenoids, and phenols (Cutillo et
al., 2004).

The antimicrobial activity varies widely from plant
to plant, and it is necessary to point out that, the
antimicrobial activity observed in the present study
may be higher (Akinsulire ef al., 2018), lower (Romulo
etal.,2018), or even equal to that of extracts from other
plants, medicinal or not. However, the only advantage
that these plants have over some medicinal plants is
their invasive aspect which makes them easily available
(Maximo et al., 2020) compared to certain seasonal
medicinal plants such as Enantia chlorantha (Etame et
al., 2020), Aesculus hippocastanum (Konstantinovitch
et al., 2022), Anthonotha macrophylla (Essiet et
al., 2019), and many others. Notwithstanding this,
according to the classification established by Kuete
(2010) and Kuete and Efferth (2010), except flowers
of H. mantegazzianum, the other extracts could be
considered as deserving a weak antimicrobial activity
independently of the tested strain as they scored
MIC value higher than 0.625 mg/ml. In addition, it
is established in the literature that an antimicrobial
compound is considered as bactericidal/fungicidal
against a microbial strain when the ratio MBC/MIC or
MFC/MIC is <4 (Oussou et al., 2008; Teke et al., 2011).
Based on this classification, the ethanolic extract of the
plants studied in the present work can be considered
as bactericidal against S. aureus. The ethanolic extract
of C. jacea L. flower and HMF can be considered as
bactericidal against E. coli. Only the ethanolic extract
of HMF can be considered as fungicidal against C.
albicans. 1t is important to highlight that the parts
of the plants tested were not chosen arbitrarily; the
unavailability of the parts not tested (C. jacea leaves
and C. album flowers) during the collection period
led to their exclusion from the study. Thus, these
other parts could also be tested and could potentially
exhibit antimicrobial activity similar to the tested parts.
Moreover, we evaluated the synergy between common
antibiotics and the ethanolic extracts of the plants
tested in this study. The use of combination therapy
has been suggested as a new approach to improve the
efficacy of antimicrobial agents by screening crude
extracts from medicinal plants with good indications
for use in combination with antibiotics (Ngongang et
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al., 2020). As observe in Table 3, no antagonism (FIC
>4) or indifference (1 < FIC <4) was noted between
the extracts and the antibiotics. However, we found
an additional effect (0.5 < FIC <I1) in almost all the
combinations antibiotics + extracts excepted for HMF
+ (KA or AMP) against S. aureus ATCC 6538 and CJF
+ AMP against E. coli where we found synergy effect
(FIC) (FIC <0.5). The lower is the FIC index, better is
the synergy (Ngongang et al., 2020). The best synergies
were found with HMF which well-modulated AMP(FIC
=0.250 against S. aureus) and KA(FIC = 0.375 against
S. aureus). CJF also well-modulated AMP against E.
coli with FIC = 0.375.

Finally, the larval form of G. mellonella was used to
assess the acute toxicity of the plant extracts tested.
This model has been suggested by several researchers
as an ecofriendly in vivo approach for toxicity studies
(Megaw et al., 2015; Ignasiak and Maxwell, 2017). The
LD50s of HMF and leaves, CAL and CJF were 20.2,
0.58, 13.2 and 4.0 mg/ml respectively. The lower is the
LD50, more toxic is the sample tested. Consequently,
HML and CJF can be considered as the most toxic
extracts to G. mellonella. In addition, according to the
classification of Gosselin, Smith and Hodge (CCOHS
et al., 2020), biologically active compounds can be
super toxic (LD50 <5 mg/kg bw), extremely toxic
[LD50 e (5-50 mg/kg bw)], very toxic [LD50 e (50—
500 mg/kg bw)], moderately toxic [LD50 e (0.5-5 g/
kg bw)], slightly toxic [LD50 e (5-15 g/kg bw)], and
practically non-toxic (above 15 g/kg). Therefore, the
data from our study indicate that ethanolic extract
of H. mantegazzianum leaves (0.27 g/kg bw) is very
toxic, the ethanolic extract from CJF (2.28 g/kg bw)
is moderately toxic, and the ethanolic extract of HMFs
(11.45 g/kg bw) and CAL (6.94 g/kg bw) are slightly
toxic. Plants like HMFs may be recommended for
further studies in the search for new antimicrobials
because their toxic doses are far greater than the doses
which have shown their optimal antimicrobial activity.

Conclusion

The present study aimed to assess the antimicrobial
activity of some invasive plants such as leaves and
flowers of H. mantegazzianum Sommier and Levier,
flowers of C. jacea L., and leaves of C. album L. All
plants showed great activity when they were associated
with antibiotics such as NIT, KA, and AMP. However,
when used alone, only HMFs exhibited noteworthy
antimicrobial activity against all the microorganisms
tested. All other plants were only active against S.
aureus and exhibited low antimicrobial activity against
E. coli. Tt can be concluded that only HMFs have
worthy antimicrobial effects, but further preclinical and
clinical trials are required to evaluate the composition,
the cytotoxicity and safety issues of these plant extracts
and their combinations with common antibiotics before
they can be recommended for antimicrobial therapy.
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