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Abstract

Background: Macaranga occidentalis is well known in traditional medicine for the treatment of various ailments like bruises, boils, cuts, sores,
and diarrhea. This study aimed to investigate in vitro and in vivo the anti-staphylococcal activity of Macaranga occidentalis extracts on selected
Staphylococcus aureus, including multidrug resistance (MDR) isolates. Moreover, the acute toxicity of the active extract was assessed.
Methods: Extracts were prepared by maceration of M. occidentalis in hexane. The in vitro activity of the extracts was determined using the broth
microdilution method. The in vivo anti-staphylococcal activity and acute toxicity of the hexane extract were assessed in Wistar rats.

Results: The hexane leaves and bark extracts of M. occidentalis demonstrated antibacterial activity, with minimum inhibitory concentrations
(MIC) ranging from 64 to 2048 ug/mL. In vivo, the hexane leaf extract (the most active) significantly reduced the bacterial load in S. aureus D021-
infected Wistar rats after the tenth day of the experiment. It showed no toxic effect on blood cells and even enhanced hemoglobin production.
Furthermore, at a dose of 5000 mg/kg body weight, this extract showed no signs of toxicity in rats, indicating that the median lethal dose (LD50)
is greater than 5000 mg/kg body weight.

Conclusion: Macaranga occidentalis extracts, especially its leaf hexane extract, constitute promising alternative therapeutic sources for
infections caused by MDR Staphylococcus aureus. Therefore, further studies including its subacute and chronic toxicity, as well as the
identification of its active ingredients, should be envisaged.
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Background

Infectious diseases remain a leading cause of mortality worldwide,
second only to ischemic heart disease [1]. The advent of antibiotics
has revolutionized the management of infectious diseases in both
human medicine and agriculture; however, misuse and natural
evolution of bacterial pathogens have rendered many bacteria
resistant to most conventional antibiotics [2]. Multidrug resistance
(MDR) is responsible for approximately 1.27 million deaths in 2019
and 4.95 million deaths in 2023 [3]. Staphylococcus aureus is the
predominant pathogen responsible for a wide range of nosocomial
infections, including endocarditis, septicemia, and skin infections. It
poses a significant challenge in community-acquired and
healthcare-associated settings owing to its diverse virulence
factors and increasing antibiotic resistance [4]. S. aureus displays a
remarkable capacity for resistance to many conventional
antibiotics, including fluoroquinolones and B-lactamines [5]. This is
achieved through multiple means, including overexpression of
efflux pumps, production of B-lactamases, reduction of porin
expression, and mutation of quinolone targets [6]. Faced with an
alarming and rapid increase in antibiotic ineffectiveness,
researchers are revisiting natural resources, such as plants.
Medicinal plants synthesize diverse secondary metabolites, such
as terpenoids, alkaloids, and phenolic compounds, which may
circumvent known resistance mechanisms [7].

Macaranga occidentalis (Mull. Arg.) Mull. Arg., a plant belonging to
the family Euphorbiaceae, is traditionally used to treat various
diseases, including swellings, cuts, sores, diarrhea, cough,
stomachache, hypertension, boils, furuncles, and bruises [8-10].
Natural compounds isolated from the genus Macaranga have
demonstrated a range of biological activities, including antioxidant
[11], antimicrobial [10, 12, 13], anti-inflammatory [14],
antiplasmodial, and antitumor [15] activities. Previous
phytochemical studies have shown that M. occidentalis contains
steroids, triterpenes, flavonoids, stilbenoids, and ellagic acid
derivatives, with schweinfurthin B being the most potent compound
[10]. In the continuous quest for novel and efficient antibacterial
substances from plants, this study aimed to investigate the in vitro
and in vivo anti-staphylococcal activity of M. occidentalis against
MDR Staphylococcus aureus. Additionally, the acute toxicity of the
leaf hexane extract of this plant was evaluated.

Methods

Plant material

The leaves and stem bark of Macaranga occidentalis were
collected in November 2024 in Bangangte, West Cameroon. The
plant was identified at the National Herbarium of Cameroon,
Yaoundé, in comparison with reference samples kept under the
identification code 43778/HNC.

Preparation of extracts

The leaves and bark of M. occidentalis were cleaned and dried
away from sunlight, then ground into powder using a blender.
Thereafter, 100 g of each powder was soaked in 300 mL of hexane
for 48 h. The mixture was then filtered using Whatman filter paper
grade 1, and the extractive solvent was removed using a rotary
evaporator (BUCHI R-200) under reduced pressure to obtain the
extracts. The extract was collected, dried in an oven at 40°C, and
stored at 4°C until use.
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Microorganisms and culture conditions

The microorganisms used in the present study included one strain
(ATCC 29213) and 11 MDR isolates (D018SA, D020SA, D021SA,
D047SA, D049SA, DO50SA, D051SA, and DO52SA) of S. aureus.
Their antibiotic resistance features can be found in the Supporting
Information (Table S1, Supplementary material). Mueller—Hinton
agar (MHA) and Mueller-Hinton broth (MHB) (Accumix, India) were
used for microbial culture and antibacterial assays, respectively.

Evaluation of the in vitro anti-staphylococcal activity of extracts

The minimal inhibitory concentration (MIC) of the extracts was
determined by broth microdilution using p-iodonitrotetrazolium
chloride (INT) colorimetric assay [16, 17]. Briefly, the extract
solutions were serially diluted two-fold in 96-well microplates.
Subsequently, 100 L of inoculum (2 x 10° CFU/mL) prepared in
MHB was added to each well. The plates were covered with a
sterile plate sealer, agitated to homogenize the content of the
wells, and then incubated at 37°C for 18 h. The MIC, which is
defined as the lowest concentration of the sample that prevents
bacterial growth (absence of pink color), was then determined after
the addition of 40 pL INT (0.2 mg/mL) in each well of the plate and
incubation at 37°C for 30 min. The MICs of the extracts were
classified according to the Cut-off values established by Wamba et
al. (2023) as follows: outstanding activity if MIC < 8 pg/mL,
excellent activity if 8 < MIC < 40 pg/mL, very good activity if 40 <
MIC < 128 pg/mL, good activity if 128 < MIC < 320 ug/mL, average
activity if 320 < MIC < 625 pg/mL, weak activity if 625< MIC < 1024
ug/mL, and not active if MIC >1024 pg/mL [18]. The minimum
bactericidal concentration (MBC), which is defined as the lowest
concentration of a sample that kills bacteria, was determined after
50 uL aliquots of each sample that did not show bacterial growth
during MIC determination was added to 150 pL of MHB and
incubated for 48 h at 37°C. After the addition of INT as described
above, the MBC was determined [17]. An extract was considered
bactericidal if MBC/MIC < 4 and bacteriostatic if MBC/MIC > 4 [19].

Evaluation of the in vivo anti-staphylococcal activity
Animal and maintenance conditions

Experiments followed institutional guidelines for animal care and
use. Thirty-six Wistar rats (male/female, 6—8 weeks old, 100-150
g) were obtained from the Department of Biochemistry, University
of Dschang. Rats were housed in plastic cages under standardized
conditions: with access to food and water, at 20-30°C, and under a
10/14-h light/dark cycle. Blood samples from the tails were
inoculated on mannitol salt agar; rats showing colony growth after
24 h (indicating S. aureus infection) were excluded. The study was
conducted in accordance with the guidelines of the European
Union Institutional Ethics Committee on Animal Care (Council EEC
86/609). All sections of this report are in accordance with the
ARRIVE guidelines for reporting research.

Experimental design

e  Groups 1 (n = 6): Infected rats received extract at
50 mg/kg of body weight.

e  Groups 2 (n = 6): Infected rats received extract at
100 mg/kg of body weighty.

e  Group 3 (n=6): Infected rats received vancomycin
at 25 mg/kg body weight.

e  Group 4 (infected control, n = 6): Infected rats
received 2% Tween 80.
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. Group 5 (neutral, n = 6): Uninfected rats received
normal saline.
Treatments were administered orally 24 h post-infection and
continued for 10 days 48 h interval [20].

Determination of bacterial load

Two drops of blood samples were collected from the tails 72 h
post-treatment, diluted in 100 pL distilled water, plated on mannitol
salt agar, and incubated at 37°C for 48 h. After incubation, the
colonies were counted. This process was repeated every 48 h for
five cycles [20].

Blood collection and serum preparation

At the end of the study period, the animals were sacrificed after the
administration of a ketamine and diazepam combination (0.2/0.1
mL per 100 of body weight), and blood was collected by cardiac
puncture. Approximately 1 mL of the collected blood was stored in
anticoagulant blood tubes for biochemical analysis, and the
remaining blood was kept in a dry tube for centrifugation. Serum
was obtained and used for antioxidant assays.

Determination of hematological parameters

Blood samples collected in tubes containing EDTA were analyzed
to evaluate hematological parameters using an automated
hematology analyzer (QBC Autoread Plus, London, ©). Cell
counting is based on an impedance system in which blood cells are
detected and counted according to their size, shape, and internal
complexity using fluorescent markers. When cells pass through a
laser beam, it provokes an elevation of electrical resistance,
generating a pulse with an amplitude proportional to the cellular
volume. The collected signals are then analyzed by a computer to
establish the leukocyte formula. The parameters included: red
blood cells (RBC), platelets (PLT), lymphocytes (LYM),
granulocytes (GRA), white blood cells (WBC), hemoglobin (HGB),
hematocrit (HCT), and mean corpuscular volume (MCV).

The hematocrit level was calculated using the following formula:
Hematocrit (%) = (red blood cell count x mean corpuscular volume)
/10.

Hemoglobin was quantified after hemolysis of red blood cells using
a spectrophotometer at wavelengths ranging from 525 to 550 nm.

Acute toxicity

The acute toxicity of the hexane extract from M. occidentalis leaves
was evaluated in rats according to OECD Guideline 425 (2022),
specifically the limit test (paragraph 26) [21]. Nine female rats were
divided into three groups, each consisting of three animals: a
control group and two treatment groups. After a seven-day
acclimatization period, a single dose of M. occidentalis extract was
administered by endogastric gavage to the treated groups at doses
of 2000 mg/kg and 5000 mg/kg body weight, respectively, while the
control group received Tween 80 at 2% v/v. All animals were
closely monitored for two hours after administration to detect any
signs of toxicity (drowsiness, hypomotility, salivation, etc.), and
then periodically for 48 h after exposure. The animals were then
monitored for an additional 14 days before being euthanized for
examination of target organs (liver, kidneys, lungs, heart, and
spleen).
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Statistical analysis

Data were expressed as Mean * standard deviation and analyzed
using the Statistical Package for Social Sciences (SPSS) version
22. Analysis of Variance (ANOVA) was used to compare treatment
to the control using the Waller-Duncan test. The difference
between means was set at a 95% confidence level (P< 0.05).

Results

In vitro anti-staphylococcal activity of extracts

The MIC and MBC values of M. occidentalis extracts were
determined against MDR S. aureus isolates (Table 1). The
extracts displayed a wide range of activities, with MICs ranging
from 64 to 2048 pg/mL. Among them, the hexane leaf extract
demonstrated the highest antibacterial activity, with a MIC of 64
ug/mL against S. aureus D021, D051, and D052. Chloramphenicol
(reference antibacterial) displayed high activity against most strains
compared to the extracts, with MICs ranging from 2 to 128 pg/mL.
Globally, both extracts showed bactericidal effect (MBC/MIC < 4).
MBC/MIC > 4 was observed with chloramphenicol on all the
isolates, indicating its known bacteriostatic effect.

In-vivo anti-staphylococcal activity
Effect of the extract on bacterial load in infected rats

Figure 1 shows the variation in bacterial load over time in the
different test groups. A gradual decrease in bacterial load was
observed in all groups; however, the treated groups showed a
higher rate of decrease. The groups treated with M. occidentalis
hexane leaf extract had a greater reduction in bacterial load than
the group treated with vancomycin. It is also evident that the
activity of the extract is dose- and sex-dependent. The group
treated with a dose of 100 mg/kg body weight showed a greater
rate of recovery than the group treated at 50 mg/kg. Additionally,
male rats demonstrated faster recovery than females.

Hematological profiles of rats

The hematological profiles of rats exposed to different doses of M.
occidentalis hexane leaf extract are presented in Tables 2 and 3.
No significant variation (p > 0.05) was observed in total white blood
cell counts (WBC), lymphocytes (LYM), and granulocytes (GRN),
compared with the control groups, in both female (Table 2) and
male (Table 3) rats. The red blood cells, hemoglobin, hematocrit,
mean corpuscular volume (MCV), did not differ significantly (p >
0.05) between treated groups and controls. Moreover, no
significant variation (p > 0.05) in platelet counts, in both treated
male and female rats, compared with controls, was observed.

Acute toxicity
Clinical observations
No subject died throughout the experiment, signifying that the

lethal 50 dose (LD so) of the hexane leaf extract of M. occidentalis
is above 5000 mg/kg (Table 4).
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Variation in rats’ body weight

Table 5 presents the results of the mass variation in Wistar rats
over 14 days during an acute toxicity study. There is a general
increase in animals’ masses throughout the experiment, which
increase is generally not significant (p > 0.05) compared to that of
the control group. This suggests that the hexane leaf extract of M.
occcidentalis, even at 5000 mg/kg of body weight, has no adverse
impact on the animals’ growth.

Variation in organs weight

Figure 2 shows the variations in the organs’ weight throughout our
acute toxicity test. Results show that there was significant variation
in relative organ weights (heart, spleen, kidneys, liver, and lungs)
across the groups, except that the lungs of both test groups were
significantly inflamed compared to the control group. This indicates
that, apart from pulmonary inflammation, the extract had no toxic
impact on these vital organs based on mass variation.

Discussion

The global spread of multidrug-resistant (MDR) pathogens is
leading to a reduction in the arsenal of antibiotics, and therefore,
the need for the development of new drugs. This work was
designed to investigate in vitro and in vivo the anti-staphylococcal
activity of M. occidentalis extracts on MDR isolates. Moreover, the
acute toxicity of the active extract was assessed.

According to the MIC Cut-off values established by Wamba et al.
(2023), the hexane extracts of M. occidentalis displayed weak to
very good to moderate anti-staphylococcal activity [21]. The
hexane leaf extract exhibited the strongest activity, with MIC values
of 64 ug/mL. Chloramphenicol, used as a control, was generally
more effective but less active against some resistant strains (MIC
up to 128 pg/mL), highlighting the challenge posed by MDR
bacteria [3]. These results are consistent with prior studies on M.
occidentalis and related Macaranga species. In a previous study,
the dichloromethane/methane/methanol extract of M. occidentalis
displayed MIC values of 250 to 1000 pg/mL against bacteria,
including S. aureus. These antimicrobial activities were associated
with bioactive secondary metabolites, such as flavonoids and
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prenylated phenolic compounds. For example, Schweinfurthin B, a
C-prenylated phenolic isolated from M. occidentalis, showed
moderate activity against S. aureus with an MIC of 62.5 pg/mL
[10]. The variation in activity across extracts and isolates reflects
differences in phytochemical composition, supporting the idea that
multiple synergistic compounds contribute to the antibacterial
effects [22]. Our findings are also in agreement with those in the
literature which demonstrated the antimicrobial activity of the
methanol extract of other Macaranga species [12]. To the best of
our knowledge, this is the first study to evaluate the anti-
staphylococcal activity the hexane extract of M. occidentalis.
Proven in vitro antibacterial activity does not always guarantee in
vivo antibacterial activity, making in vivo studies indispensable [23-
25]. In MDR S. aureus infected Wistar rats, the hexane extract, at
both 50 mg/kg and 100 mg/kg, led to a significant reduction in
bacterial loads over time, particularly in females. Vancomycin
treatment yielded the most effective bacterial clearance, and
untreated controls maintained high infection levels, confirming the
extract’s antibacterial potential. Quantification of hematological
parameters also suggested that this extract enhanced white and
red blood cell counts and hemoglobin levels, particularly in males,
indicating improved immune response and oxygen transport.
Similar immunomodulatory and hematological effects have been
reported with other medicinal plant extracts used against bacterial
infections [26].

The results from the acute toxicity test revealed that the hexane
leaf extract of M. occidentalis has a good safety profile as far as
acute toxicity is concerned. The studies revealed that the LD 50 is
above 5000 mg/kg of body weight. There was also little or no
significant variation in relative body organs among the groups,
except that of the spleen, whose mass was significantly low in the
group receiving the plant extract at a concentration of 5000 mg/kg.
There was equally no clinical sign of toxicity except the erection of
fur on day two of the experiment. These results corroborate those
of Kamsu et al. (2021), which showed that plant extracts can
demonstrate good security profiles with LD 50 greater than 5000
mg/ kg of body weight [27]. This finding agrees with the study of
N'cho et al. (2025) who demonstrated that M. heterophyllais is safe
in acute toxicity, with a LDs, estimated to be higher than 6400
mg/kg [28]. The current study confirms that Africa's flora is a
valuable and safe source of drugs to address various human
ailments [29-33].
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Figure 2. Effect of extract on the relative weight of the organs.
The values in the table are presented as mean * standard deviation of 3 replicates.
Table 1. In vitro anti-staphylococcal activity of M. occidentalis extracts
S. aureus strains Samples, MIC and MBC (pg/mL)
MOL MOB Chloramphenicol
MIC MBC MBC/MIC MIC MBC MBC/MIC MIC MBC MBC/MIC

ATCC 29213 1024 1024 1 >2028 nd 2 32 >16
D009 2048 >2028 nd 512 2048 4 128 >256 >16
D018 >2028 >2028 nd 128 1024 8 32 128 4
D020 >2028 >2028 nd >2028 >2028 nd >256 >256 nd
D021 64 64 1 64 256 4 >256 >256 nd
D047 >2028 >2028 nd >2028 >2028 nd >256 >256 nd
D049 256 512 2 512 1024 2 16 32 2
D050 2048 >2028 2048 >2028 >1 128 >256 >16
D051 64 512 8 64 512 8 16 128 8
D052 64 128 2 128 256 2 64 128 2
D057 256 512 2 128 256 2 8 128 16
D060 1024 >2028 >2 1024 >2028 >2 4 128 32

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration; MOL: Macaranga occidentalis leaf extract; MOB: Macaranga occidentalis bark
extract; nd: not determined.
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Table 2. Variation in hematological parameters in female rats

Groups WBC RBC HGB HCT PLT LYM MCv GRA
Extract (50 mg/Kg) 3.84£0.492 6x1.272 14.76+0.38% 43.7+18.1% 54.95+2.19° 11.02+1.44%  62.45£3.61° 8.02+1.42
Extract (100 mg/Kg) 6+1.41° 6.910.14% 11.7£0.42° 27.65+2.33° 63.5+4.95% 81.44+1.44%  61.2545.32 9.42°+1.84°
VAN (25 mg/Kg) 5.4+0.21% 8.58+0.2° 19.15%1.48°¢ 60.3+1.56° 67+48.797 83+16.83° 59.70.422 13.1£3.39%
Tween 2% 5.05+0.35%° 6.95+0.47%° 17.25+0.07" 46+1.41%° 61.9+0.142 86.1+9.332 59.45+0.72 5.05+0.142
Neutral 4.8+0.922 6.47+1.6%° 14.25+3.04% 40.2+6.08% 62.9+6.08% 77+4.242 59.55+2.51° 14.945.27°

WBC: White Blood Cell, RBC: Red Blood Cell, HGB: hemoglobin, HCT: hematocrit, MCV: Mean Corpuscular Volume, PLT: Platelets, LYM: Lymphocytes, GRA:
granulocytes. The values in the table are presented as mean + standard deviation of 3 replicates; within the same column, values assigned different letters are
significantly different at the 5% probability level (p<0.05) according to the Waller-Duncan test and are compared to the negative and neutral controls.

Table 3. Variation in hematological parameters in male rats

Groups WBC RBC HBG HCT PLT LYM MCV GRA
Extract (50 mg/Kg) 6.5+0.71° 7.92+0.112 16.25+1.77° 43.5+4.94° 62.45£3.61° 205+7.07° 65.35+7.57° 19.7+1.84%
Extract (100 mg/Kg) 3.5+0.1° 5.38+0.872 11.2541.062 27.7+0.35% 61.25+5.32 20.50+1.12° 71.02+1.13° 17.5+1.842
VAN (25 mg/Kg) 4.25+0.7% 8.39+0.082 18.05+0.7° 48.08+1.65° 59.7+0.422 203.5+11.12° 81.25+7.28° 3.55+3.882
Tween 2% 6.25+0.49% 7.71£0.422 16.65+0.78° 44.8+1.13° 59.45+0.07¢ 248+43.84° 73.95+7.84° 15.35£6.72°
Neutral 4.70.14% 7.31£1.152 15.75+0.92° 43..45%1.48° 59.556+1.342 177+125.86%° 59.421.212 21.45+£10.81°

WBC: White Blood Cell, RBC: Red Blood Cell, HGB: hemoglobin, HCT: hematocrit, MCV: Mean Corpuscular Volume, PLT: Platelets, LYM: Lymphocytes,
GRA: granulocytes. The values in the table are presented as mean + standard deviation of 3 replicates; within the same column, values assigned different
letters are significantly different at the 5% probability level (p<0.05) according to the Waller-Duncan test and are compared to the negative and neutral
controls.

Table 4. Clinical observations

Groups Number of deaths Sign of toxicity/ behavior changes

Control 0/3 No toxic effect

2000 mg/kg 0/3 Calm for approximately the first two hours after administration. No dryness of the eyes or abnormal mucus
production by the nostrils or mouth. No paralysis, sign of dizziness or agitation

5000 mg/kg 0/3 Calm for approximately the first two hours after administration. No dryness of the eyes or abnormal mucus

production by the nostrils or mouth. No paralysis, sign of dizziness, or agitation.

Table 5. Body weight variation in Wistar rats

Average body weight after every two days (g)

Groups 0 Day 2 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14
2000 mg/kg 114.67+17.672 118.67+£10.972 135+1.812 146+7° 152+9.5° 160+11.79° 162+10.81° 162+10.82°
5000 mg/kg 100+002 99.33+0.582 100+2.842 106+4.7° 115.67+3.05° 125+2.65a 134+1.73° 134+1.732
Control 100+002 133.67+£32.332 134.67+0.572 137+3.54° 135+18.08° 144+7.07° 148+4.24° 148+4.220

The values in the table are presented as mean * standard deviation of 3 replicates. Within the same column, values assigned different letters are
significantly different (p < 0.05) according to the Waller-Duncan test and are compared to the control group.

Conclusion Abbreviations

This study has provided valuable information on the antibacterial
activity of M. accidetalis extracts. It showed that the hexane leaf
extract of M. occidentalis has both in vitro and in vivo antibacterial
activity against MDR isolate of S. aureus with a good security
profile, hence placing this extract as a potential weapon against
infections caused by MDR S. aureus. Therefore, further studies
including its subacute and chronic toxicity, as well as the
identification of its active ingredients, should be envisaged.

GRA: granulocytes

HCT: hematocrit

HGB: hemoglobin

HNC: Cameroon national herbarium

INT: p-lodonitrotetrazolium chloride

LYM: Lymphocytes

MBC: Minimum bactericidal concentration
MCV: Mean corpuscular volume

MDR: Multidrug-resistant

MHA: Mueller Hinton Agar
Additional file MHB: Mueller Hinton Broth

MIC: Minimum inhibitory concentration
MOB: Macaranga occidentalis bark extract

Table S1. Bacteria used and their resistance features: available at MOL: Macaranga occidentalis leaf extract
https://www.investchempharma.com/wp- PLT: Platelets
content/uploads/2018/01/www.investchempharma.com-supporting- RBC: Red blood cells

information.pdf WBC: White blood cells

WHO: World Health Organization
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