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The combination of natural substances with antibiotics is a novel approach to combating antibiotic
resistance. Several studies have shown that plant bioactive compounds can boost antibiotic action
against pathogenic bacteria that are resistant to antibiotics. The aim of this study was to determine
the synergistic effect of the aerial part of Peperomia pellucida (P. pellucida) with amoxicillin
against Methicillin-Resistant Staphylococcus aureus (MRSA). P. pellucida aerial part extract was
obtained by maceration in 70% ethanol followed by partitioning with n-hexane to give n-hexane
soluble and n-hexane insoluble fractions. The phytochemical constituents of the extract and
fractions were determined by thin layer chromatography (TLC) and spray reagents. The
antibacterial activity of the extract and fractions as well as its synergistic effect with amoxicillin
was assessed using the broth microdilution assay. The extract and fractions at 10 mg/mL
demonstrated significant antibacterial activity against MRSA. The bacterial growth inhibition
zone diameters were 9.33 £ 1.25 mm, 10.16 + 0.28 mm, and 9.00 £ 1.00 mm for the ethanol
extract, n-hexane soluble fraction, and n-hexane insoluble fraction of P. pellucida, respectively.
The hexane soluble fraction of P. pellucida showed synergistic effect with amoxicillin against
MRSA, resulting in a Fractional Inhibitory Concentration Index (FICI) of 0.25. The results
obtained from this study suggest that P. pellucida n-hexane fraction could enhance the
antibacterial effect of amoxicillin against methicillin-resistant Staphylococcus aureus.
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Introduction MRSA bacteria are resistant to practically all B-lactam

Antimicrobial resistance (AMR) has been a major healthcare challenge
worldwide, and antimicrobial-resistant bacteria cause significant
morbidity and mortality.! AMR has emerged rapidly on a global scale
in recent years, spreading faster than previously thought.? According
to the World Health Organization (WHO), antibiotic resistance was
one of the world's top ten health issues in 2019.% Antimicrobial drugs
play an important role in the prevention and treatment of infectious
diseases.*

Methicillin-resistant Staphylococcus aureus (MRSA) is a group of
gram-positive bacteria that is genetically distinct from other strains of
Staphylococcus aureus. MRSA is responsible for several difficult-to-
treat infections in humans. MRSA mostly affects the skin and delicate
tissues, and it is responsible for about 15 to 60 percent mortality from
infectious illnesses.> MRSA may infect both children and adults of all
ages. According to various American polls, it was found that up to 30
percent of youngsters have MRSA on their skin or nose, and a majority
of them were unaware that they habour MRSA. Many important
opportunistic infections have resulted from the presence of MRSA on
the skin, nose and other tissues.®
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antibiotics, and this resistance can range from mild to severe.
Amoxicillin is a B-lactam antibiotic that is still commonly used due to
its high gastrointestinal absorption; however there has been resistance
to this antibiotic in many people. The antibiotic amoxicillin has a
resistance rate of 67.6%.° Staphylococcus aureus isolated from
humans and animals in Indonesia has amoxicillin resistance of
95.52%.57

The rise in amoxicillin-resistant bacteria is the leading cause of
treatment failure and an increase in mortality rate. Therefore, it is
critical to produce antibacterial agents that do not only reduce drug
resistance but also improve treatment outcomes.®

A new medicine or therapeutic strategy against MRSA is
desperately needed.®° Many studies have been undertaken to examine
natural compounds as novel alternatives against MRSA and to produce
effective antibiotics for tackling the challenges associated with
MRSA.M'B

Antibacterial activities of Peperomia pellucida have been
demonstrated in numerous studies.**® Many bioactive substances
such as proteins, tannins, glycosides, steroids, flavonoids, alkaloids,
phenols, terpenes, essential oils, and saponins have been found in the
plant through phytochemical studies.'”® The present study therefore
seek to investigate the concentration of Peperomia pellucida extract
that can potentially enhance the antibacterial activity of amoxicillin
against methicillin-resistant Staphylococcus aureus (MRSA).

Materials and Methods

Bacterial strain

Clinical isolates (obtained from pus specimen from the wound of the
patient) of methicillin resistant Staphylococcus aureus were collected
from Microbiology Laboratory of Hasanuddin University Hospital,
Makassar, Indonesia.
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Drugs and Chemicals

Amoxicillin (Supelco), Hexane (Merck), Ethyl acetate (Merck),
sulfuric acid (Merck), DMSO (Merck), TSA (Triptic Soy Agar)
(Ox0id®), TSB (Triptic Soy Broth) (Ox0id®), Triphenyltetrazolium
chloride (Merck KGaA , 64271 Darmstatd®).  Dragendorff,
Lieberman Burchard, Iron(Ill) chloride (FeCls), and Aluminium
chloride (AICIs3).

Plant collection and identification

Peperomia pellucida herbaceous plant (aerial part) was obtained from
a commercial market in Makassar, South Sulawesi Indonesia. The
plant material was identified in the Department of Biology, Faculty of
Mathematics and Natural Science, Universitas Hasanuddin makassar,
Sounth Sulawesi, Indonesia.

Preparation of extract and fractions

Peperomia pellucida herbal powder was macerated with 70% ethanol
at sample to solvent ration of 1.5, at room temperature for 3 days. The
ethanol extract was subjected to liquid-liquid partitioning with n-
hexane. Briefly, the extract was weighed and dissolved in ethanol, then
the extract solution was poured into a separating funnel, and n-hexane
was added, homogenized, and allowed to stand for a few minutes until
separation occurred. The n-hexane-soluble and n-hexane-insoluble
fractions were collected into separate containers and then evaporated
to dryness.

Phytochemical screening

The phytochemical constituents of the extract and fractions were
determined by thin layer chromatography (TLC). TLC was carried out
by spotting the stock solution of the extract and fractions on a silica
gel 60 F254 plate, then eluting with hexane: ethyl acetate (7:3). The
phytochemicals on the TLC chromatogram were identified by colour
changes after spraying with several spray reagents, namely;
Dragendorff’s, Lieberman Burchard, Iron (II) chloride (FeCls), and
aluminium chloride (AICIs) reagents.

Determination of Antibacterial activity

The antibacterial activity of P. pellucida herb extract and fractions was
determined using the disk diffusion technique. The extract and
fractions (50 mg each) was dissolved in 5 mL of 10% DMSO. Then 20
pL of each solution was pipetted and dropped onto a blank paper disk
and allowed to dry. After drying, the disk was placed on the surface of
Triptic Soy Agar (TSA) medium containing suspension of MRSA at
106 CFU/mL, incubated at 37°C for 24 h. The diameter of the
inhibition zone formed was measured.'* The extract/fraction with the
highest inhibition zone diameter was used in the synergistic test with
amoxicillin. Erythromycin was used as the positive control while
DMSO (10%) was used as the negative control.

Determination of Minimum Inhibitory Concentration (MIC) of P.
pellucida hexane-soluble fraction

The MIC of P. pellucida hexane-soluble fraction was evaluated using
the microdilution technique in Tryptic Soy Broth (TSB) media. The
concentrations of the fraction ranged from 20 to 0.625 mg/mL. Each
96 well microplate contained extract stock, TSB media and MRSA
bacterial culture (equivalent to 0.5 Mc Farland 1.5 x 106 CFU/mL).
The plate was incubate at 37°C for 24 h. Few drops of 2,3,5-
Triphenyltetrazolium chloride reagent was added to each well, and the
microplate was further incubated for another 30 min. Visual
observations were made. The MIC of the extract was determined as
the lowest concentration that does not exhibit bacterial growth or a red
colour change.*®

Determination of Minimum Inhibitory Concentration (MIC) of
Amoxicillin

The MIC of amoxicillin was also assessed using the microdilution
technique in Tryptic Soy Broth (TSB) media. Concentrations of
amoxicillin ranging from 0.016 to 0.0005 mg/mL were used. Each well
of the 96 well microplate contained extract stock, amoxicillin, a
combination of extract and amoxicillin, TSB media and MRSA
bacterial culture (equivalent to 0.5 Mc Farland 1.5 x 10® CFU/mL).
The plate was incubate at 37°C for 24 h. Few drops of 2,3,5-
Triphenyltetrazolium chloride reagent was added to each well, and the
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microplate was further incubated for another 30 min. Visual
observations were made.

Test for Synergistic Activity

The test for synergistic activity between P. pellucida hexane-soluble
fraction and amoxicillin against MRSA was determined using the
checkerboard assay method.** The concentration of the hexane-soluble
fraction ranged from 20 to 0.625 mg/mL while that of amoxicillin
ranged from 0.016 to 0.00025 mg/mL. Each 96 well microplate
contained stock extract, amoxicillin, TSB medium and MRSA
bacterial culture (equivalent to 0.5 Mc Farland 1.5 x 10® CFU/mL).
the plate was incubated at 37°C for 24 h. The MIC is the lowest
concentration that does not exhibit bacterial growth or a red color
change. Following MIC, a synergistic effect test was conducted
utilizing the Fractional Inhibitory Concentration Index (FICI). The
FICI is calculated using the formula below.*®

_ MIC of plant extract in combination

FIC = FIC,+ FICy=

MIC of plant extract in combination

MIC plant extract only

MIC plant extract only

Where; FICI < 0.5 is stated to have a synergistic effect; FICI > 0.5 tol
is denoted additive; FICI>1 to 4 is denoted indifferent; FICI > 4 is
indicated as having an antagonistic effect.

Data analysis

The inhibition zone diameter (I1ZD) was reported as mean + standard
deviation (SD). The Fractional Inhibitory Concentration Index (FICI)
was calculated from the results obtained from the MIC.

Results and Discussion

Percentage yields of P. pellucida extracts and fractions

Extraction of the P. pellucida herb was carried out using the
maceration method with 70% ethanol as the solvent (1:5). The
percentage yield of the extract was 9.90% (Table 1). However, a higher
percentage yield of 18.28% was reported in a previous study by Adomi
and Idudun (2023).2° The variation in the percentage yield obtained in
the different studies might have been influenced by differences in the
amount of powdered plant materials used, the solvent and extraction
method. The percentage yields obtained for the hexane-soluble and
hexane insoluble fractions were 57.22% and 27.69%, respectively
(Table 2).

Table 1: Percentage Yield of P. pellucida ethanol extract

Consistency ~ Weight of Extract % Yield
powdered weight (g)
sample (g)

Thick 220.12 21.81 9.90

Table 2: Percentage yield from partition of P. pellucida herb

extract
Fraction Extract weight (g) % Yield
Hexane Soluble 12.49 57.22
Hexane Insoluble  6.04 27.69

Phytochemical constituents of P. pellucida extract and fractions

The result of the phytochemical screening of P. pellucida extract and
fractions is presented in Table 3. The result shows that P. pellucida
contains flavonoids, tannins, steroids and terpenoids. Phytochemical
analysis of the initial extract (70% ethanol) and hexane insoluble
fraction showed the presence of tannins, steroids and terpenoids.
Previous phytochemical screening tests have shown the presence of a
variety of phytoconstituents in P. pellucida. Some of the constituents
previously found in the plant include glycosides, flavonoids, tannins
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and steroids/triterpenoids.?* The work of Ling et al. (2021)% found
phenolic compounds, terpenoids, saponins, proteins and glycosides in
P. pellucida extract. The slight variation in the results obtained from
the different studies may be ascribed to several factors, such as
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differences in solvents used for extraction, extraction methods,
screening reagents used, differences in geographic locations, and
environmental conditions.

Table 3: Phytochemical constituents of Peperomia pellucida extract and fractions

Compound Reagent used Colour Extract/Fraction
Stain Ethanol Extract Hexane Soluble Hexane
Fraction Insoluble
Fraction
Alkaloids Dragendorff Orange - -
Flavonoids AlCl; Yellow + -
Phenolic Blue black - -
Tannin FeCl; Greenish - +
Phenolic brown - -
Bluish Black
Steroids and Liberman Blue and green + +
terpenes Burchard in interphase

(+) means presence of the chemical; (-) means absence of the chemical

Antibacterial activity of P. pellucida herb extract

The results of the antibacterial activity test are shown in Table 4 and
Figure 1. The results showed that the 70% ethanol extract, hexane
soluble fraction and hexane insoluble fraction of P. pellucida exhibited
antibacterial activity against MRSA. The diameter of the inhibition
zone of the 70% ethanol extract was 9.33 £ 1.25 mm, while the hexane
soluble and hexane insoluble fractions gave inhibition zone diameter
of 10.16 + 0.28 mm and 9.00 + 1.00, respectively. Previous study by
Ibrahim and Yahya (2020)* found that the diameter of the inhibition
zone of P. pellucida ethanol extract at the highest concentration
against S. aureus was 10.67 + 0.58 mm. However, in this study, the
extract of P. pellucida was used as a modulator to enhance the
antibacterial effect of amoxicillin an antibiotic to which several
bacteria have shown resistance to.

Figure 1: Antibacterial activity of P. pellucida extract and fractions
against MRSA. N: Negative control (10% DMSO), P: Positive control
(Erythromycin), 1: 70% ethanol extract, 2: Hexane soluble fraction, 3:
Hexane insoluble fraction. (A): Replicate 1, (B): Replicate 2, and (C):
Replicate 3

Previous researches have shown that flavonoids, tannins, and
terpenoids have antibacterial activity against MRSA.?%?> In addition,
the astringent property of tannins contribute to their antibacterial
activity, they shrink cell wall, damage bacterial cell membranes and
disrupt cell permeability, resulting in bacterial cell death. Other
compounds like flavonoids exhibit their antibacterial activity by
disrupting the structure of bacterial cell wall by interacting with

extracellular protein and inhibiting bacterial mobility.> The
mechanism of action of terpenoids as antibacterials is by lysis of
bacterial cell walls. Terpenoids generate strong polymer connections
with porins (transmembrane proteins) on the bacterial cell wall, and
destroys the porins. Damage to porins limit the entry and exit of
essential nutrients, resulting in bacterial cell wall destruction and
eventual cell death.®

Minimum Inhibitory Concentration (MIC) and Synergistic effect of P.
pellucida and amoxicillin

The test for synergism between P. pellucida (n-hexane soluble
fraction) and amoxicillin was carried out by measuring the MIC of P.
pellucida, amoxicillin, and a combination of both. Table 5 shows the
MICs of the individual samples and their combination. The MIC of P.
pellucida n-hexane soluble fraction was 10 mg/mL, while that of
amoxicillin was 0.016 mg/mL. The MIC of the combination of P.
pellucida n-hexane soluble fraction and amoxicillin was 1.25 mg/mL.
This indicates that P. pellucida herb extract could decrease the MIC of
amoxicillin, which might improve the antibacterial impact against
MRSA. According to the Clinical Laboratory Standards Institute
(CLSI), bacterial resistance to penicillin class of antibiotics is
confirmed if the minimum inhibitory concentration (MIC) against
Staphylococcus aureus is > 0.00025 mg/mL. So it can be concluded
that the test bacteria (MRSA) used in this study is truly resistant.
Also shown in Table 5 is the fractional inhibitory concentration index
(FICI). A FICI value of 0.25 was found when P. pellucida n-hexane
soluble fraction was combined with amoxicillin, revealing a
synergistic effect. This study showed that the herb extract combined
with the antibiotic amoxicillin inhibited the growth of the bacteria
tested at lower concentrations than when the single drugs were tested
separately. The combined effect of active chemicals from extracts and
antibiotics resulted in synergistic interactions. Antimicrobial
substances might limit microbial growth in processes distinct from
those generally known in antimicrobial medicines, and they may have
significant clinical benefit in the treatment of microbial resistance

Table 4: Antibacterial activity of P. pellucida extract and

fractions
Extract Inhibition zone diameter (mm)
Ethanol 70% 9.33+1.25
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Insoluble hexane 9.00+1.00
Soluble hexane 10.16 £ 0.28

Table 5: Minimum inhibitory concentration (MIC) of n-
hexane fraction of P. pellucida in combination with
amoxicillin and FICI values

Sample MIC FICI
(mg/mL)

P. pellucida n-hexane fraction 10

Amoxicillin 0.016

MIC of P. pellucida n-hexane fraction 1.25 0.25

in the combination of P. pellucida and

Amoxicillin

MIC Amoxicillin in the combination of 0.002
P. pellucida and Amoxicillin

Conclusion

The combination of P. pellucida n-hexane fraction with the antibiotic
amoxicillin greatly reduced the MIC of the individual samples against
MRSA. The Fractional Inhibitory Concentration Index (FICI) was
found to be 0.25, indicating a synergistic effect between P. pellucida
n-hexane fraction and amoxicillin. These findings therefore suggest
that P. pellucida n-hexane fraction may enhance the antibacterial
action of amoxicillin against methicillin-resistant Staphylococcus
aureus (MRSA) in clinical setting.
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