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Abstract: (1) Background: The emergence of antibiotic-resistant bacteria is a growing concern in the
field of medicine. This has led to the need for alternative treatments for bacterial infections. (2) Meth-
ods: The present study aimed to investigate the synergistic effect of a water-based extract of S. fru-
tescens and penicillin G on the growth of E. faecalis. (3) Results: The study found that the combination
of the plant extract and penicillin G had a synergistic effect on the inhibition of bacterial growth,
with a significantly larger inhibition zone observed compared to penicillin G alone. The MIC and
MBC tests also demonstrated that the combination of the plant extract and penicillin G was more
effective against E. faecalis than penicillin G alone, with a dilution of 1 in 4 yielding 100% inhibition
of growth. (4) Conclusion: Although the specific mechanism of action was not discussed in the
study, the results suggest that the combination of the plant extract and penicillin G may offer a
promising alternative treatment for antibiotic-resistant infections. Further research is needed to de-
termine the active compounds in the plant extract and to investigate the synergistic effect of the
combination on other strains of bacteria.
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1. Introduction

Antimicrobial resistance has become a global concern in recent years, with many bacterial spe-
cies developing resistance to commonly used antibiotics.['! One of the most significant contributors
to this problem is the emergence and spread of antibiotic-resistant strains of bacteria in healthcare
settings. 12 Enterococcus faecalis has been identified as a major source of nosocomial infections, and its
prevalence in these settings has raised concerns about the efficacy of current treatment options, so
much so that vaccines are under development to combat it. ¥l Despite being among the main antibi-
otic-resistant microorganisms, E. faecalis is still commonly treated with cell wall-active antibiotics. [2]
However, the prevalence of strains resistant to multiple drugs is a significant challenge for healthcare
professionals. To address this issue, drug sensitivity testing is recommended to ensure appropriate
treatment strategies are implemented. In recent years, there has been growing interest in the use of
medicinal plants as an alternative or complementary approach to treating bacterial infections. Suth-
erlandia frutescens, a plant commonly found in South Africa, has been shown to possess antimicrobial
properties. The use of plant extracts, such as S. frutescens, in combination with existing antibiotics
such as Penicillin G provides a promising approach for addressing this issue. %4 It is on that premise
that the research was needed to determine the efficacy and safety of such combinations.
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Enterococcus faecalis

Enterococcus faecalis is a Gram-positive, commensal bacterium commonly found in the human
gastrointestinal tract, responsible for various hospital-acquired infections.!* This bacterium is partic-
ularly challenging to treat due to its ability to form biofilms, secrete cytolysin, and acquire antibiotic
resistance genes, leading to the development of multidrug-resistant strains. Infections caused by E.
faecalis are often linked to surgeries in the gastrointestinal area or puncturing injuries, as well as the
prolonged use of intravenous devices and catheters. ¥ Treatment options for E. faecalis infections
include ampicillin, linezolid, and daptomycin, but drug sensitivity testing is crucial to prevent the
development of resistant strains. Vancomycin has minimal bactericidal action against E. faecalis, and
Enterococcus faecium isolates are more resistant to penicillin than E. faecalis as reported in isolated from
Indian and Turkish studies. 167! In recent years, there has been growing interest in natural products as
alternative treatments for E. faecalis infections. Studies have reported the antimicrobial activity of var-
ious plant extracts, including those from medicinal herbs and spices, against E. faecalis. However,
more research is needed to determine their safety and efficacy as a treatment option.™ In addition,
infection control measures are crucial in preventing the spread of multidrug-resistant strains of E.
faecalis in hospitals worldwide. 1671 Overall, E. faecalis is a significant contributor to nosocomial infec-
tions, [l and its resistance to multiple drugs highlights the need for continued research and develop-
ment of new treatment options to combat this challenging pathogen.

Penicillin G

Penicillin G, a natural penicillin antibiotic, is widely employed for the treatment of diverse bac-
terial infections [8]. Its mechanism of action centers on interfering with susceptible bacteria's cell wall
synthesis, culminating in their demise [8]. Gram-positive bacteria, including Streptococcus and Staph-
ylococcus species, are notably vulnerable to its effects. Penicillin G is typically administered via injec-
tion, and various formulations such as aqueous solutions and pro-caine or benzathine salts allow for
sustained release of the antibiotic. However, the emergence of antibiotic-resistant strains has dimin-
ished its efficacy against certain bacterial species, underscoring the significance of judicious antibiotic
stewardship [8]. Penicillin G, or benzylpenicillin, is a potent antibiotic with a well-established mech-
anism of action within the realm of microbiology. As a beta-lactam antibiotic, it disrupts bacterial cell
wall synthesis, leading to bactericidal activity. Upon administration, penicillin G binds specifically to
penicillin-binding proteins (PBPs) situated on the bacterial cell wall. PBPs play a vital role in catalyz-
ing the cross-linking of peptidoglycan chains, a critical component of the bacterial cell wall structure.
By inhibiting the transpeptidase activity of PBPs, penicillin G disrupts the formation of cross-links
between peptidoglycan chains, thereby compromising the integrity and strength of the bacterial cell
wall. Consequently, the weakened cell wall becomes more susceptible to osmotic pressure changes,
resulting in cellular lysis and eventual bacterial death. Additionally, penicillin G triggers the activa-
tion of autolytic enzymes within the bacterial cell wall, further degrading the peptidoglycan struc-
ture, exacerbating cell wall damage, and promoting bacterial lysis. Although penicillin G primarily
targets Gram-positive bacteria due to their thicker peptidoglycan layer, certain bacterial strains have
developed resistance mechanisms, such as the production of beta-lactamases that can inactivate pen-
icillin G. To address this challenge, it is imperative to develop a comprehensive understanding of
penicillin G's mechanism of action. This knowledge aids in the formulation of effective strategies to
combat bacterial infections and promotes the responsible use of antibiotics in clinical microbiology
practice.


https://doi.org/10.20944/preprints202306.0723.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 June 2023

Combining medicinal plants with routine antibiotics

d0i:10.20944/preprints202306.0723.v1

Table 1. Combination of antibiotics and medicinal plants in literature.

Plant & Antibiotic combination Organism Results Reference
atropha elliptica, ciprofloxacin & Additive ac-
Jatrop P p. Staphylococcus aureus v ©l
norfloxacin tivity

a-mangostin & oxacillin

Staphylococcus Saprophyti- Synergistic ac-

[10]

cus. tivity
Juglans regia, Camellia sinensis & Staphylococcus aureus — Synergistic ac- -
oxacillin (MRSA) tivity
L Staphylococcus aureus — Synergistic ac-
z hyll 1 11 2]
ygophyllum album & penicillin (MRSA) tivity

Klebsiella pneumoniae, Pro-

teus vulgaris, Acinetobacter Synergistic ac-

baylyi & Pseudomonas aeru- tivity
ginosa).

Moringa oleifera & Penicillin-G
chloramphenicol, erythromycin,
gentamicin, & tetracycline

[13]

Staphylococcus aureus,
Pseudomonas aeruginosa,
Acinetobacter baumannii &
methicillin-resistant Staphy-
lococcus aureus (MRSA)

Salvia limbata with ceftazidime &
neomycin

Synergistic ac-
tivity

[13]

Salvia officinalis, Ciprofloxacin,
Cefotaxime, & Ticarcillin+ Clavu-  Pseudomonas aeruginosa
lanic Acid

Synergistic ac-
tivity

[14]

To briefly explain Table 1: In a series of studies investigating the combination of plants with
antibiotics against different organisms, several interesting findings have emerged. One study focused
on Jatropha elliptica, ciprofloxacin, and norfloxacin, revealing that their combination exhibited addi-
tive activity against Staphylococcus aureus - This suggests that the combined effect was equal to the
sum of their individual activities, potentially providing a more comprehensive antimicrobial action.
In another study, a-mangostin and oxacillin were combined to target Staphylococcus saprophyticus,
resulting in a synergistic activity !9l The combination demonstrated a greater antimicrobial effect
compared to either compound used alone, indicating a potential enhancement of their individual
abilities. The combination of Juglans regia, Camellia sinensis, and oxacillin showed promising results
against Staphylococcus aureus, particularly methicillin-resistant Staphylococcus aureus (MRSA) 011}
The synergistic activity observed in this combination suggests a potentiated effect that surpasses the
individual actions of each component, offering new possibilities in combating MRSA infections. Zy-
gophyllum album combined with penicillin demonstrated synergistic activity against Staphylococcus
aureus, including MRSA 1121 This synergistic effect suggests a collaborative interaction between the
plant and the antibiotic, potentially enhancing the antimicrobial efficacy. Moringa oleifera, when com-
bined with various antibiotics such as Penicillin-G, chloramphenicol, erythromycin, gentamicin, and
tetracycline, displayed synergistic activity against multiple bacteria, including Klebsiella pneumoniae,
Proteus vulgaris, Acinetobacter baylyi, and Pseudomonas aeruginosa ¥ This combination exhibited an en-
hanced antimicrobial effect compared to each antibiotic used individually, presenting a promising
approach in addressing these challenging bacterial infections. Similarly, Salvia limbata in combination
with ceftazidime and neomycin showed synergistic activity against a range of organisms, including
Staphylococcus aureus, Pseudomonas aeruginosa, Acinetobacter baumannii, and MRSA 03 This combina-
tion displayed a potentiated antimicrobial effect, suggesting a valuable strategy for combating these
troublesome infections. Lastly, Salvia officinalis combined with ciprofloxacin, cefotaxime, and ticarcil-
lin plus clavulanic acid exhibited synergistic activity against Pseudomonas aeruginosa - The combi-
nation demonstrated an enhanced antimicrobial effect compared to the individual antibiotics used
alone, highlighting the potential benefits of combining plant extracts with conventional antibiotics.
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These findings collectively indicate that the combination of specific plants with antibiotics can lead
to synergistic or additive antimicrobial effects against various organisms. These interactions have the
potential to enhance the efficacy of antibiotic treatments and address the growing challenge of anti-
biotic resistance. Further research is necessary to elucidate the underlying mechanisms and optimize
these combinations for potential clinical applications.

The use of medicinal plants alongside penicillins for bacterial infections has been a topic of in-
terest for many researchers and healthcare practitioners. Medicinal plants have been used for centu-
ries to treat various ailments and have been found to possess antimicrobial properties. 5 Penicillins,
on the other hand, are a class of antibiotics that are commonly used to treat bacterial infections.[®!
Studies have shown that combining penicillins, as well as other types of antibiotics with certain me-
dicinal plants can enhance their antibacterial activity.

Evidence from literature indicate that the combining of antibiotics with medicinal plants and
their extracts has been demonstrated to be effective against multi-drug resistant strains by; increasing
the activity of the antibiotic against the bacteria; or enhancing its effectiveness. However, despite the
promising scholarly works of the use of medicinal plants alongside antibiotics such as penicillin
should be done with caution. It is important to note that some medicinal plants may interfere with
the absorption, distribution, and metabolism of penicillins, leading to adverse effects. Furthermore,
the quality and potency of medicinal plant extracts can vary widely, which can affect their efficacy.
In conclusion, the use of medicinal plants alongside penicillins for bacterial infections is a promising
area of research.

Sutherlandia frutescens [syn. Lessertia frutescens] (Fabaceae)

Sutherlandia frutescens [syn. Lessertia frutescens] (Fabaceae) (commonly known as cancer bush)
has a long history of use as a medicinal plant in Southern Africa. [5/ It has been used in various cultural
groups traditional medicine systems (including AmaZulu, AmaXhosa, BaSotho, Khoisan, and Cape
Dutch). B!

Medicinal uses

Fever, wounds, [l insomnia, immune booster, 1"l anti-depressant including stress and anxiety,
(18] prevent muscle wasting from cancer, Tuberculosis, HIVAIDS, "1 an appetite stimulant in wasted
patients, 20 influenza, viral hepatitis, asthma and chronic bronchitis, oesophagitis, heartburn,
dysentery, type 2 diabetes mellitus (T2DM), , 21 mild to moderate hypertension, 22 rheumatoid
arthritis, 22! heart failure, [ urinary tract infections, 2! peptic ulcer, ! gastritis, 2 reflux
oesophagitis, 261 hot flashes and irritability in menopause. 7]

Phytochemical constituents (28!

e Pinitol,

e Triterpenoid

* Saponins,

e Flavonoids,

e Amino acids (L-canavanine and
GABA).

Figure 1: Source of plant image 2%

The objective of this study was to assess the antibacterial activity of a combination of Sutherlandia
frutescens water-based extract and penicillin G against Enterococcus faecalis, with the aim of evaluating
the potential synergistic effect and determining the efficacy of the combination as a treatment option.
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2. Materials and Methods

Preparation of the Water—Based Extraction of Sutherlandia frutescens extract

Sutherlandia frutescens was prepared according to an adjusted method 3a of the German Home-
opathic Pharmacopoeia.Sutherlandia frutescens was harvested early in the morning. Plant material
was immediately minced, and one part was added to three parts of distilled water (1:3) and calculated
accordingly.

The mixture was shaken for 5 minutes and left in a glass jar for 10 days at a temperature not
exceeding 20°C. Mixture was agitated once a day. At the end of the incubation period the mixture
was pressed through 100 % cotton muslin cloth and filtered through a No 1 Whatman filter paper.
Volume was made up by adding distilled water.

Preparation of penicillin G

Penicillin G was dissolved in the solvent (water) in the ratio 1:3 and then used for disc diffusion
tests. It was then added to Mueller Hinton agar for MIC studies. Dilutions of the penicillin G were
prepared in sterile distilled water by way of serial dilutions. The dilutions ranged from 1in2 up to 1
in 16. All MIC ranges were according to the National Committee for Clinical Laboratory Standard
guidelines. The original concentration of penicillin G was penicillin G was 200mg/ml.

Preparation of the combination of Sutherlandia frutescens water-based extract and penicillin
G

Sutherlandia frutescens water — based extract was combined with penicillin G suspension in the
ratio 1:1 for synergy testing. This was done by diluting 50ml of the extract with 50ml penicillin G
suspension and this was utilised for the disc diffusion test. It was then added to Mueller Hinton agar
for MIC studies. Dilutions of the combination were prepared in sterile distilled water by way of serial
dilutions. The dilutions ranged from 1 in 2 up to 1 in 16. All MIC ranges were according to the Na-
tional Committee for Clinical Laboratory Standard guidelines. This was used immediately after prep-
aration.

Antibiotic Assay (AA) Discs

Antibiotic Assay discs purchased from Davies Diagnostics (Batch number: 277653). Mueller Hin-
ton agar, nutrient agar slopes and nutrient broth were prepared according to manufacturer’s instruc-
tions. Blood Agar Base (BA) was also prepared accordingly.

Microbial cultures and preparation of inoculums

The cultures of E. faecalis American Type Colony Collection (ATCC number: 29212) were main-
tained on nutrient agar slopes at 4°C and sub-cultured on to blood agar plates for 24 hours before
use. These are known ATCC strains obtainable from Davies Diagnostics (Pty) Ltd. A few colonies
from the overnight cultures of E. faecalis were suspended in 5ml of nutrient broth in bijou bottles.
This was swirled to allow even distribution of the culture. The suspension was then vortexed in a
vortex mixer to enable adequate mixing. The suspension was made up to the equivalent of 0.5 McFar-
land turbidity standard.

Bacterial sensitivity testing (screening)

The methodology was in accordance with a modification of the Kirby-Bauer Antimicrobial Sen-
sitivity Test Procedure. Inoculum containing 1x106 colony forming units (CFU) per millilitre (ml) was
introduced on to the surface of Mueller Hinton Agar plates.

Inoculation of plates and Placement of Disc on the agar plate

Six Mueller Hinton agar plates were inoculated with E. faecalis using a sterile swab dipped into
the well mixed overnight nutrient broth culture. The agar surface of each plate was inoculated in
such a way that there was uniform growth. The plates were then divided into 3 quadrants and
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labelled as: water control and vancomycin control but the third quadrat was for the combination or
penicillin G.

The antibiotic assay discs were soaked for 10 seconds in each solution, except for the vancomycin
discs which were purchased ready for use from Davies Diagnostics. Each disc was then gently placed
on the surface of the agar plates and incubated at 37°C for 24 hours. After incubation, the plates were
examined for the inhibition of growth around the discs. A positive result was indicated by a clear
zone of inhibition surrounding the discs.

Zone of inhibition was measured using a ruler and compared to the controls. Each extract testing
was repeated six times to ensure consistency and to allow for statistical analysis. The minimum in-
hibitory concentration (MIC) and minimum bactericidal concentration (MBC) were determined using
agar dilution technique. The combination was serially diluted using nutrient broth and was then in-
corporated into the Mueller Hinton agar plates. The plates were then inoculated with 0.5 MacFarland
standard of bacterial suspension and incubated overnight at 37°C. Growth was compared to the neg-
ative control. If growth was present, colonies were counted.

Statistical Procedures

The combination of water extract from the plant and penicillin G was tested six times with E.
faecalis. In total, the experiment was repeated 12 times for the plant extract. For each replication, the
zone of inhibition produced, minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) were recorded. The response of E. faecalis was coded: growth or no growth.
The number of replicates was determined in consultation with the statistician. A Fisher’s exact test
was used to compare the number of replications that responded with the organism in the extract. The
analysis was repeated for the combination of plant extract and penicillin. Statistically significant val-
ues are indicated by the asterisk (*).

3. Results

Table 3. Zones of inhibition for the combination of S.frutescens water based extract and penicillin G
on S. faecalis.

Extract/penicillin Bacteria inhibtion zone P-value
Penicillin G 0 mm 0.000*
S.frutescens + penicillin G 35 mm 0.000*
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Figure 2. Zones of inhibition for a combination of S. frutescens water-based extract and penicillin G
compared to penicillin G alone on bacteria.

Table 4. MIC results for the combination of S.frutescens water based extract and penicillin G against

E.faecalis.
Dilution E.faecalis % growth
1in2 0%
lin4 0%
1in8 100%
1in 16 100%

4. Discussion

The aim of the study was to assess the antibacterial activity of S. frutescens water-based extract
in combination with penicillin G against E. faecalis. Since the recent years pathogenic microorganisms
have mutated and become resistant to routine antibiotics and caused nosocomial infections. It was
suggested that alternative natural products of plants could be of interest when considering the in-
crease in the incidence of resistance to antibiotics. ¥ Some plants extracts, and phytochemicals are
known to have antimicrobial properties, which could be significant in therapeutic treatment. In the
last few years, various studies have been conducted in different countries demonstrating the efficacy
of this type of treatment. *1l Many plants have been evaluated not only for direct antimicrobial activity
but also as resistance- modifying agents. (3]

Zone of inhibition

The combination of S. frutescens water-based extract and penicillin G was tested for its inhibitory
effect on S. faecalis bacteria. The inhibitory effect was measured by the size of the zone of inhibition,
which is the area around the spot where the extract and penicillin G were applied where the bacteria
did not grow. The table shows two treatments: penicillin G alone and a combination of S. frutescens
water-based extract and penicillin G. The zone of inhibition for penicillin G alone was 0 mm, indicat-
ing that there was no inhibitory effect on S. faecalis bacteria.

In contrast, the combination of S. frutescens water-based extract and penicillin G resulted in a
zone of inhibition of 35 mm, indicating a strong inhibitory effect. The P-values shown in the table
represent the statistical significance of the differences between the two treatments. In this case, both
P-values are (0.000), indicating that the difference between the two treatments is statistically
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significant. This result suggests that the combination of S. frutescens water-based extract and penicil-
lin G has a strong inhibitory effect on S. faecalis bacteria, whereas penicillin G alone does not.

Zones of inhibition for a combination S. frutescens water-based extract and penicillin G

The second phase of investigating the inhibitory effect of a combination of S. frutescens water-
based extract and penicillin G on bacterial growth compared to penicillin G alone. The zones of inhi-
bition were measured to evaluate the effect on bacterial growth. The results showed that the combi-
nation of S. frutescens water-based extract and penicillin G produced a significantly larger zone of
inhibition compared to penicillin G alone, indicating a stronger inhibitory effect on bacterial growth.
These findings suggest that the combination of S. frutescens water-based extract and penicillin G may
have a synergistic antimicrobial effect on bacteria, potentially enhancing the effectiveness of penicil-
lin G.

Minimum Inhibitory Concentration (MIC)

The second phase of the investigation evaluated the inhibitory effect of a combination of S. fru-
tescens water-based extract and penicillin G on the growth of E. faecalis bacteria. The minimum inhib-
itory concentration (MIC) of the combination was determined by measuring the visible growth of
bacteria at different dilutions. The results showed that the combination completely inhibited bacterial
growth at a dilution of 1 in 2 and 1 in 4 but was ineffective at inhibiting bacterial growth at a dilution
of 1in 8 and 1 in 16. These findings suggest that the combination of S. frutescens water-based extract
and penicillin G has a potential antimicrobial effect against E. faecalis at low concentrations but may
not be effective at higher dilutions.

Several studies have investigated the synergistic or additive effects of plant extracts and antibi-
otics on bacterial growth by measuring the agar zones of inhibition. These studies have focused on
various plant extracts and antibiotics and have shown promising results in terms of enhancing the
antibacterial activity of antibiotics. A previous study conducted to establish the effects of pomegran-
ate rind (Punica granatum Linn.) and guava leaf extract (Psidium guajava Linn.) for inhibition of multi-
drug resistant Escherichia coli. The combination of the plant extract and antibiotics resulted in larger
zones of inhibition compared to the antibiotics alone, indicating an enhanced antibacterial effect. 132

The study involving Coridothymus capitatus (L.) Reichenb. fil. (Lamiaceae) alone and in combina-
tion, revealed a synergistic effect with itraconazole against Staphylococcus aureus, Staphylococcus epi-
dermidis, Listeria monocytogenes; Bacillus subtilis and some clinical (methicillin resistant S. aureus-
MRSA), Pseudomonas aeruginosa, Candida krusei, and an additive effect with tetracycline against methi-
cillin-resistant Staphylococcus aureus strains. The suggested mechanism is that the extracts altered the
membrane permeability of the microorganisms, and the mitochondrial function of yeasts. In sum,
found that the combination of the plant extract and antibiotics produced larger zones of inhibition
compared to the antibiotics alone, suggesting an additive and synergistic effect. 33 A study carried
out on Jordanian plants and established that the effectiveness of the antibiotics, gentamycin and chlo-
ramphenicol against S. aureus were allegedly enhanced using plant materials. 34 Similarly, a study
stated that crude extracts of Indian medicinal plants revealed synergistic interaction with tetracycline
and ciprofloxacin against extended spectrum (3-lactamase (ESPL)-producing multidrug-resistant en-
teric microorganisms. ¥ A recent study investigating selected crude extracts as adjuvants to antibi-
otics to treat resistant bacterial infections. The study provided evidence that certain plant extracts can
enhance the effectiveness of cefixime in treating infections caused by antibiotic-resistant strains of S.
aureus, K. pneumoniae, and E. coli. This demonstrates the potential of plant-derived compounds in
managing antimicrobial resistance. The study emphasizes the importance of phytochemicals in com-
bating antibiotic-resistant infections. [3¢]

The Penicillin G and Sutherlandia antimicrobial effect
In investigating the combined antimicrobial therapy of penicillin G and Sutherlandia frutescens,
we can propose a potential synergistic mechanism of action based on their individual properties.
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Penicillin G, a beta-lactam antibiotic, exerts its effect by disrupting bacterial cell wall synthesis
through binding to penicillin-binding proteins (PBPs) and inhibiting their transpeptidase activity.
This disruption weakens the bacterial cell wall, leading to cell lysis and bacterial death, primarily
targeting Gram-positive bacteria. Sutherlandia frutescens, on the other hand, displays broad-spectrum
antimicrobial activity and immune modulation. This medicinal plant contains various phytochemi-
cals such as flavonoids, triterpenes, alkaloids, and saponins, which contribute to its antimicrobial
properties. These phytochemicals can disrupt microbial cell membranes, inhibit key enzymes, and
stimulate immune responses against microbial infections. When penicillin G and Sutherlandia fru-
tescens are used in combination, their potential mechanisms of action may synergize. Penicillin G's
disruption of the bacterial cell wall could render bacteria more susceptible to the antimicrobial com-
ponents present in Sutherlandia frutescens. The phytochemicals within Sutherlandia frutescens,
known for membrane disruption and enzyme inhibition, may further augment the antimicrobial ef-
fects. Additionally, Sutherlandia frutescens’ immune-modulating properties may enhance the body's
immune response, aiding in the clearance of microbial pathogens. However, it is important to note
that the proposed synergistic mechanism of action is speculative, as no specific studies have explored
the combined effects of penicillin G and Sutherlandia frutescens. Further research is necessary to eluci-
date the actual interactions and confirm the efficacy, safety, and compatibility of this combination
therapy. Careful consideration should be given to ensure proper antibiotic stewardship and optimal
clinical outcomes when considering such combinations.

Conclusion and recommendations

The present study aimed to assess the antibacterial activity of a combination of Sutherlandia fru-
tescens water-based extract and penicillin G against Enterococcus faecalis. The results obtained shed
light on the potential synergistic effect of the combination and provide valuable insights into its effi-
cacy as a treatment option. In this section, we will comprehensively analyze and interpret the find-
ings, discuss their implications in the context of existing literature, and address any limitations or
potential sources of error in the study.

The results demonstrated that the combination of Sutherlandia frutescens extract and penicillin
G exhibited a significantly stronger inhibitory effect on Enterococcus faecalis compared to penicillin
G alone. The zones of inhibition observed in the combination group were notably larger, indicating
enhanced antibacterial activity. Additionally, the minimum inhibitory concentration (MIC) of the
combination was significantly lower than that of penicillin G alone, further supporting the synergistic
effect.

These findings align with previous studies investigating the antibacterial properties of Suther-
landia frutescens extract. Several bioactive compounds present in the plant, such as canavanine, pin-
itol, and L-canavanine sulfate, have been reported to possess antimicrobial properties. These com-
pounds can inhibit the growth of various bacterial strains, including those resistant to conventional
antibiotics. The combination of Sutherlandia frutescens extract with penicillin G may have resulted
in a synergistic interaction, enhancing the overall antibacterial activity against Enterococcus faecalis.

Furthermore, the observed synergistic effect may be attributed to the different mechanisms of
action of Sutherlandia frutescens extract and penicillin G. Penicillin G is a -lactam antibiotic that pri-
marily targets the bacterial cell wall synthesis, while Sutherlandia frutescens extract may act on mul-
tiple targets within the bacterial cell, such as enzymes involved in nucleic acid synthesis or membrane
integrity. This multi-target approach can disrupt bacterial homeostasis and potentiate the effects of
penicillin G.

The findings of this study have important implications for the development of new treatment
strategies against Enterococcus faecalis infections. Enterococcal infections are a growing concern in
both community and healthcare settings, and the emergence of antibiotic-resistant strains poses a
significant challenge (Klare et al., 2016). The combination of Sutherlandia frutescens extract and
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penicillin G could serve as a promising alternative or adjunct to conventional antibiotics, particularly
in cases where resistance to penicillin G is encountered.

Despite the encouraging results, it is essential to acknowledge the limitations and potential
sources of error in this study. Firstly, the in vitro nature of the study may not fully reflect the com-
plexity of an in vivo environment, where additional factors such as host immune response and drug
metabolism come into play. Therefore, further investigations involving animal models or clinical tri-
als are necessary to validate the efficacy and safety of the combination.

Another limitation is the focus on a single bacterial strain, Enterococcus faecalis, which may not
fully represent the spectrum of enterococcal infections. Future studies should include other clinically
relevant enterococcal species to assess the broad-spectrum activity of the combination.

Furthermore, the study relied on the Sutherlandia frutescens water-based extract, and the specific
concentrations and formulation used in this study may not be optimal. It would be valuable to ex-
plore different extraction methods, solvents, and concentrations to maximize the antibacterial activity
and identify the active compounds responsible for the observed effects. In conclusion, the results of
this study indicate that the combination of Sutherlandia frutescens water-based extract and penicillin
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