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Introduction 

Antimicrobial resistance is a result of antibiotic misuse. 

This involves either using antibiotics when they are not 

necessary or using antibiotics that were not received with a 

prescription (Nisbet, 2021). To overcome this problem, it is 

essential to find new classes of traditional antibiotics. 

Therefore, scientists characterized plant natural products to 

discover and formulate new effective drugs (Salam & Quave, 

2018). Medicinal plants contain hundreds to thousands of 

bioactive molecules, so the combined impact of different 

molecules with antagonistic, additive, and synergistic effects 

ultimately contributes to the overall activity of medicinal 

plants (Enke & Nagels, 2011; Junio et al., 2011). In this regard, 

Ecballium elaterium, also known as squirting cucumber 

(Cucurbitaceae), is a wild medicinal plant that is distributed in 

the Mediterranean region (Linnaeus, 1753; Latté, 2009). 

Fever, cancer, sinusitis, jaundice, constipation, hypertension, 

and rhinosinusitis have all been medicated with this plant 

(Felhi et al., 2017). Several studies revealed the antibacterial 

effect of E. elaterium plant in different parts (Adwan et al., 

2011; Felhi et al., 2017; Hamidi et al., 2020). In addition to E. 

elaterium, Senna italica (Fabaceae) is a plant species that 

grows primarily in tropical and subtropical regions. Many 

varieties of Senna are frequently used traditionally to treat a 

variety of diseases, including digestive disorders, circulatory 

system issues, and sexually transmitted diseases (Sulieman et 

al., 2017). Moreover, S. italica is used as an antipyretic, 

antibacterial, antifungal, antiviral, antineoplastic, anti-

inflammatory, and analgesic (Amutha et al., 2014). Some 

studies have been conducted to assess the antibacterial activity 

of S. italica (Masoko et al., 2010; Sulieman et al., 2017). Based 

on that, research in medicinal plant-derived mixtures tends 

either to focus on one or two bioactive compounds. The 

interactive effects of antimicrobial combinations lead to 

the enhancement of antimicrobial effects of the individual 

compounds, exclusion of antagonistic interactions, and 

minimization of toxicity and adverse effects of these 

compounds (Eliopoulos & Eliopoulos, 1988). As antibiotic 

resistance is one of the most significant global health 

problems, there is a need to renew the supply of antimicrobials 

depending on natural sources such as plants, either alone or in 

combination with antibiotics. One of the key strategies in the 
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ABSTRACT 

The aim of this study is to determine whether the use of plant extracts like Ecballium 

elaterium and Senna italica leaf aqueous extracts helps support the activity of 

meropenem and vancomycin antibiotics against Staphylococcus aureus and 

Staphylococcus epidermis bacteria. The minimum inhibitory concentration (MIC) and 

the fractional inhibitory concentration (FIC) were used to find out the antibacterial 

effect of E. elaterium and S. italica extracts in combination with meropenem and 

vancomycin antibiotics by employing microbroth dilution assay and checkerboard 

assay. According to the obtained results, all combinations showed a synergistic effect 

against S. aureus except vancomycin and S. italica combinations which exhibited an 

additive effect. Moreover, all combinations exhibited an additive effect against S. 

epidermis except vancomycin and E. elatenium, which showed a synergistic effect. In 

conclusion, E. elaterium and S. italica leaf aqueous extracts have great potential as 

sources of antibacterial compounds against microorganisms and they can be used to 

treat infectious diseases caused by antibiotic-resistant microorganisms.  
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field of antimicrobial therapy is the combination of antibiotics 

and compounds derived from medicinal plants. Some 

medicinal plants can inactivate mechanisms of antibiotic 

resistance. This ability resulted from the synergy between the 

compounds of medicinal plants and antibiotics, whose activity 

would be low in the absence of these plant-derived 

compounds. Additionally, some of these plant compounds 

only exhibit relevant activity when used in combination with 

antibiotics (Williamson, 2001). Regarding this, some studies 

in the literature support the synergetic effectiveness of using a 

combination of E. elaterium extracts and antibiotics, including 

ciprofloxacin, cefuroxime, penicillin and oxacillin (Elbashiti 

et al., 2017). Besides that, other studies provide evidence 

of the synergistic efficacy of combining S. italica with 

antibiotics against different isolates of bacteria (Sulieman et 

al., 2017). 

In this study, the combination effect of the aqueous extracts 

of E. elaterium and S. italica with the two common antibiotics 

meropenem and vancomycin was evaluated against 

Staphylococcus aureus and Staphylococcus epidermis. The 

meropenem exhibits high bactericidal action in vitro against 

practically all clinically important anaerobes and aerobes. Its 

great activity is explained by the ease with which it can enter 

bacteria and the fact that it has a high affinity for penicillin-

binding proteins, particularly those involved in cell lysis 

(Hurst & Lamb, 2000). Another antibiotic vancomycin, is used 

in treating patients with antibiotic-induced enterocolitis, and 

prophylaxis in patients with reduced renal function (Griffith, 

1984). Several research findings in the literature pointed to the 

combination benefits of employing plant extracts with 

meropenem and vancomycin antibiotics (Vithya et al., 2011; 

Yang et al., 2018; Kalumbi et al., 2019; Nafis et al., 2020; Su 

et al., 2020). 

Materials and Methods 

Studied Plants and Extract Preparation 

The wild plant species (Ecballium elaterium and Senna 

italica) were collected from West Bank, Palestine, and 

identified by Ghadeer Omar, Department of Biology & 

Biotechnology, Faculty of Science, An-Najah National 

University; Palestine. The plant materials for the antibacterial 

study were washed, air-dried, ground into powder, and stored 

in a dry place at room temperature. Both studied extracts were 

prepared as follows: five grams of the plant powders from each 

studied plant species were soaked in 100 mL of warm and 

sterile distilled water. The aqueous mixtures were subjected to 

rotary shaking at room temperature for a week. After that, the 

extract mixtures were centrifuged for 10 minutes at 4500 rpm. 

Then, the obtained supernatants from the two extracts were 

filtrated and evaporated by freeze-drying. Finally, 200 mg/mL 

of each plant extract was prepared by dissolving the weighed 

samples in distilled water and sterilizing them by 

microfiltration (Omar et al., 2013). 

Studied antibiotics  

Meropenem and vancomycin (Laboratorio, Spain) were 

prepared by dissolving the weighed samples in distilled water 

and sterilizing them by microfiltration.  

Studied bacteria 

The two bacterial isolates, Staphylococcus aureus (ATCC 

6538P) and Staphylococcus epidermis (ATCC 12228) were 

obtained from the American Type Culture Collection (ATCC). 

The tested bacteria were grown overnight on nutrient agar 

plates. Broth turbidity was adjusted to 0.5 McFarland (1.5×108 

CFU/mL). Then it was diluted in saline to obtain 1×107 

CFU/mL. 

Minimum inhibitory concentration (MIC) test 

The antimicrobial effectiveness of the prepared extracts 

and antibiotics in this study against the two chosen reference 

isolates was analyzed through the determination of the 

minimum inhibitory concentrations (MIC) using microbroth 

dilution assay (NCCLS, 2000). Twofold serial dilution of each 

extract and each antibiotic in Muller-Hinton broth medium 

was prepared as follows, for each 100 μL Muller Hinton (MH) 

broth, 100 μL of the antibacterial agent was added horizontally 

in the first column and duplicated, the serial dilution of each 

compound was (50, 25, 12.5, 6.25, 3.125, 1.563, 0.781, 0.391, 

0.195 and 0.098 mg/mL). To the 96-well micro-plates, one μL 

of the adjusted bacterial inoculum (1 × 107 CFU/mL) was 

applied horizontally to all studied concentrations. and to the 

growth control wells (wells with MH broth medium and the 

tested bacteria). While the sterility control wells were not 

inoculated with bacteria (wells with a sterile Muller-Hinton 

broth). The plates were then incubated overnight at 37 °C. So, 

the lowest concentration that inhibited bacterial growth was 

then considered the MIC. This can be seen by the absence of 

turbidity.  

Fractional inhibitory concentration (FIC) test 

A twofold serial dilution of plant extract in MH broth 

medium was prepared as follows: to each 100 µL of MH broth, 

100 µL 4X plant extract was added to the first row and diluted 

vertically. Then 100 µL of 8X antibiotic was added to the last 

column. After that, 100 µl of 4X plant extract was applied to 

the last column and serial dilution was performed horizontally. 

At the end, 1µL of 1×107 CFU/ml of the tested bacterium was 

added to all combinations, and plates were incubated at 37°C 

for 18 hours. Measurement of bacterial growth was done by 

using a microplate reader (Labtech, UK) at 625 nm. The 

fractional inhibitory concentration (FIC) was derived from the 

lowest concentration of antibiotic and extract combination, 

permitting no visible growth of the test organisms on the plates 
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(Bellio et al., 2021). The FIC value for each agent was 

calculated using this formula: 

FIC (antibiotic) = MIC of antibiotic in combination / MIC 

of antibiotic alone  

FIC (extract) = MIC of extract in combination / MIC of 

extract alone 

Combinations were classified as synergistic, if the FIC 

indices were less than 0.5, additive if the FIC indices were 

between 0.5 and 1, indifferent if the FIC indices were between 

1 and 4 and antagonistic if the FIC indices were more than 4. 

Results 

The first part of the current research was performed to find 

out the minimum inhibitory concentration (MIC) of the two 

antibiotics, E. elaterium and S. italica leaf aqueous extracts 

(Table 1). Results demonstrated that the two extracts under 

study were effective bacteriostatic agents with MIC values 

equal to 6.25 mg/mL against S. aureus. Moreover, results 

showed a stronger inhibitory effect of E. elaterium against S. 

epidermis with a MIC value of 3.125 mg/mL. 

 The second part of this study is to search for potential 

natural antimicrobial agents like E. elaterium and S. italica leaf 

aqueous extracts that can reinforce the effectiveness of 

meropenem and vancomycin antibiotics. To fulfill this, the 

fractional inhibitory concentration index was measured for the 

combination of meropenem and vancomycin antibiotics with 

E. elaterium and S. italica extracts. The indexes of these 

combinations are summarized in Table 2. The interpretations 

of the activity of most combinations showed a remarkable 

synergistic effect against both S. aureus and S. epidermis 

isolates. It is noticeable that all combinations showed a 

synergistic effect against S. aureus except the vancomycin and 

S. italica combination which exhibited an additive effect. 

Moreover, all combinations exhibited an additive effect 

against S. epidermis except vancomycin and E. elatenium 

which showed a synergistic effect. 

Discussion 

 The extensive use of antibiotics reduces their effect on the 

fight against pathogens, including bacteria. The common view 

in society and the medical community is that plant-based 

products are healthier, safer, and more reliable than synthetic 

products (Benli et al., 2008). Besides that, most plant products 

are less expensive and they have a wide spectrum against 

resistant microbes. In addition, plants continue to be one of the 

key sources of natural products for new medications, including 

antibacterial agents, especially in developing nations (Ozolua 

et al., 2010). In this aspect, the use of plant extracts like E. 

elaterium and S. italica helps support the activity of antibiotics 

against these pathogens. This may lead to a stronger 

antimicrobial effect on several pathogens with a lower dosage. 

In the literature, no articles consider the combination activity 

between the antibiotics meropenem and vancomycin with E. 

elaterium and S. italica leaf aqueous extracts against microbes 

like S. aureus and S. epidermis. The mechanisms through 

which antibiotics can achieve synergy are relatively 

understood. However, the synergistic mechanisms of 

medicinal plant-derived compounds have not yet been fully 

understood (Wagner, 2005). Suppression of biochemical 

pathways; inactivation of enzymes that degrade antimicrobial 

agents; and interaction with the microbial cell wall, which 

leads to increased uptake of other antimicrobial agents, are all 

considered among possible synergistic mechanisms of plant 

derived compounds and other antimicrobial agents (Pillai et 

al., 2005). To emphasize the synergistic role of E. elaterium 

and S. italica aqueous extracts with meropenem and 

vancomycin antibiotics, it is necessary to determine the types 

of phytochemicals in each plant species. According to a 

literature search, E. elaterium chemical analysis showed the 

presence of hydrodistillated essential oils in the leaves and 

fruits of this plant species as determined by GC-MS. 

Octyloctanoate, 3-(6,6-dimethyl-5-oxohept-2-enyl)-

cyclohexanone, and hexahydro farnesyl acetone were the main 

components among the 21 constituents characterized in the 

leaf oil. In addition to that, twenty-one compounds were also 

identified in the oil of the E. elaterium fruits, with E-anethol 

Table 2. Fractional inhibitory concentration (FIC) index for the combination between Ecballium elatenium and Senna italica 

and the two antibiotics Meropenem and Vancomycin against Staphylococcus aureus and Staphyloccocus epidermis. 

Combinations 
S. aureus S. epidermis 

FIC index Interpretation FIC index Interpretation 

Meropenem & E. elatenium 0.36916 Synergistic 0.5625 Additive 

Meropenem & S. italica 0.28125 Synergistic 0.625 Additive 

Vancomycin & E. elatenium 0.375 Synergistic 0.3125 Synergistic 

Vancomycin & S. italica 0.75 Additive 0.5625 Additive 

Table 1. Minimum inhibitory concentration (MIC) for 

Ecballium elatenium, Senna italica. meropenem and 

vancomycin against Staphylococcus aureus and 

Staphylococcus epidermis. 

 
MIC 

S. aureus S. epidermis 

E. elaterium 6.25 mg/mL 3.125 mg/mL 

S. italica 6.25 mg/mL 6.25 mg/mL 

Meropenem 2 µg/mL 1 µg/mL 

Vancomycin 4 µg/mL 8 µg/mL 
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and 3-(6,6-dimethyl-5-oxohept-2-enyl)-cyclohexanone as the 

main constituents (Razavi et al., 2010). Moreover, the GC-MS 

analysis of S. italica leaves revealed the existence of nine 

phytochemical constituents that could contribute to the 

medicinal quality of the plant. They are, 1-butanol, 2-methyl-, 

acetate; Phytol; 3-o-methyl-d-glucose; N-hexadecanoic acid; 

9,12,15-octadecatrienoic acid, methyl ester, (z z,z)-; 11,14,17-

eicosatrienoic acid, methyl ester; Z-5,17-octadecadien-1-ol 

acetate; Dodecyl cis-9,10- epoxyoctadecanoate; 1-

hentetracontano (Chandran, 2015).  

Some of these active compounds, such as ethyl acetate and 

n-butanol extracts of S. italica act on the bacterial cell wall, so 

they may reinforce the action of meropenem and vancomycin 

that also target the cell walls of bacteria. A previous study on 

S. italica leaf water extract with the antibiotic ampicillin 

against several bacterial isolates showed synergy against S. 

aureus (Sulieman et al., 2017). Accordingly, both antibiotics 

in the ongoing research act on the bacterial cell wall, like 

ampicillin, so they may facilitate the entrance of plant active 

ingredients into the bacterial cell wall and cause a synergistic 

effect.  

Considering the outcomes that were obtained, it can be 

concluded that the E. elaterium and S. italica leaf aqueous 

extracts have great potential as sources of antibacterial 

compounds and they can be used in the treatment of infectious 

diseases caused by antibiotic-resistant microorganisms 

(Suleiman et al., 2017). Findings from this study significantly 

contribute to the development of effective natural medications 

that support antibiotic action. Although plant extract therapy is 

useful in the treatment of infection, it may exhibit some side 

effects. For example, S. italica causes stomach cramps, 

diarrhea, and a serious allergic reaction. So, further 

investigations on the bioavailability of combined therapy and 

their effects in the human body should be analyzed. 
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