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Abstract. The principal objective of the present study is to evaluate both the chemical composition and 

antibacterial effectiveness of essential oil of Clinopodium nepeta subs ascendens (CNEO) against three 

Gram-positive bacteria (Staphylococcus aureus, Micrococcus luteus, and Bacillus subtilis) and three 

Gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae). 

Additionally, this research aims to explore potential synergies between CNEO and established antibiotics. 

The phytochemical composition of CNEO was thoroughly examined via gas chromatography mass 

spectrometry (GC-MS), revealing neoisomenthol (37.89%), pulegone (20.11%), and dihydrocarvone 

(19.01%) as the primary bioactive molecules. CNEO exhibited substantial antibacterial activity, with 

minimum inhibitory concentration (MIC) values ranging from 0.10 against E. coli to 1 mg/mL against K. 

pneumoniae. This promising antimicrobial activity, especially noteworthy against antibiotic-resistant 

bacteria, prompted an evaluation of CNEO’s synergistic potential with antibiotics using the Fractional 

Inhibitory Concentration Index (FICI). The FICI analysis, especially with ampicillin against P. 

aeruginosa, uncovered an optimal synergistic interaction at a FICI of 0.31. Notably, observed reductions 

in MIC values for CNEO and antibiotics, ranging from 2-7 folds, highlight the heightened efficacy of 

these combinations. These findings hold significance for developing new approaches to address the 

increasing challenges of bacterial infections resistant to conventional treatments. 

Keywords: Gram-positive bacteria, Gram-negative bacteria, GC-MS, antibiotic-resistant bacteria, 

Fractional Inhibitory Concentration Index, synergistic interaction, combined therapies 

Introduction 

Antibiotics have marked a major revolution in the treatment of infections since their 

discovery at the beginning of the 20th century (Gould, 2016). Their ability to 

specifically target bacterial pathogens has represented a significant advance in 

medicine, saving countless lives and significantly reducing the morbidity associated 

with various infectious diseases (Maxson and Mitchell, 2016; Dhingra et al., 2020). 

These antimicrobial agents act by disrupting the vital processes of bacteria, notably by 

interfering with the synthesis of their cell wall or blocking the production of essential 

proteins (Etebu and Arikekpar, 2016). These actions ultimately lead to cell death or 

inhibition of bacterial growth, thereby controlling or even eliminating infection. 

However, despite the undeniable success of antibiotics, their widespread and 

sometimes inappropriate use has led to the emergence of a major global problem: 

antibiotic resistance (Clark, 2000). This phenomenon is the result of a number of 

factors, including the excessive and unregulated use of antibiotics in humans and 

animals, as well as their presence in the environment (Bengtsson-Palme et al., 2018; 

Chokshi et al., 2019). Antibiotic resistance compromises the effectiveness of these 

drugs and poses a serious challenge to global public health, making it more difficult to 

treat common bacterial infections and increasing the risk of serious complications 

(French, 2005). 

As a result, it has become imperative to find alternative and complementary solutions 

to conventional antibiotics in order to preserve their long-term efficacy and meet the 

growing need to treat infections. With this in mind, essential oils, extracted from 

aromatic plants, have emerged as potential alternatives due to their well-documented 

antimicrobial properties (Raveau et al., 2020). These natural compounds offer a 

promising approach to the treatment of infections, particularly in the context of growing 

antibiotic resistance (Langeveld et al., 2014; Rai et al., 2017). 

Certain essential oils have shown significant antibiotic potential, capable of 

inhibiting bacterial growth and fighting infections (Leghari et al., 2021). Among these, 

the essential oil of Clinopodium nepeta, a perennial plant belonging to the Lamiaceae 

family, is known for its well-documented antimicrobial properties (Debbabi et al., 2020; 

Vlachou et al., 2023). 
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An innovative approach is to explore the potentiation of conventional antibiotics 

through the synergistic use of essential oils (Langeveld et al., 2014). This combination 

can not only improve the efficacy of antibiotics, but also reduce the doses required, 

thereby limiting the risk of resistance developing (El Atki et al., 2019; Rosato et al., 

2020). 

The aim of this research work is to determine the precise chemical composition of 

the essential oil of Clinopodium nepeta subs ascendens from the eastern region of 

Morocco and to assess its potential for potentiating antibiotics, in particular amoxicillin, 

ampicillin, and erythromycin. This study will allow for the exploration of new 

therapeutic strategies to combat bacterial infections while minimizing the risk of 

antibiotic resistance. 

Materials and methods 

Plant material 

The study focused on Clinopodium nepeta subsp. ascendens, a species native to the 

province of Ahfir, in the northeastern region of Morocco. Aerial parts of the plant, 

including leaves and flowers, were methodically acquired from a local market 

(harvested in spring 2022) and then shipped to the Faculty of Sciences at the Université 

Mohammed 1er Oujda. The main aim of this botanical study was to subject them to 

rigorous taxonomic identification, a crucial step in ensuring accurate categorization of 

the various plant species under consideration. It should be noted that the collection 

deliberately included the plant’s vegetative and reproductive structures, with the aim of 

facilitating a thorough taxonomic identification, taking into account both the vegetative 

morphology and floral characteristics of Clinopodium nepeta subsp. ascendens (Fig. 1). 

 

 

Figure 1. Picture of the species Clinopodium nepeta subsp. ascendens. (Photo retrieved the 14th 

May 2024, from: http://floredupaysbasque.com/pages/plante-498.html) 

 

 

Essential oil extraction 

The essential oil was extracted from 100 grams of ground plant material obtained 

from the aerial parts of Clinopodium nepeta sp. ascendens. This procedure used the 
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hydrodistillation method with a modified configuration of the Clevenger apparatus. This 

methodological choice was motivated by the need to preserve the volatile components 

of the essential oil, in line with the methodological guidelines set out in the following 

research works (El Guerrouj et al., 2023; Taibi et al., 2024a, b). 

 

GC-MS analysis of essential oil 

GC-MS analysis was carried out using a Shimadzu GC system, equipped with an 

RTX-5 column. Pure helium was used at a flow rate of 3 mL/min. Temperatures were 

maintained at 250°C to ensure accurate results. Mass spectra were generated with an 

electron energy of 70 eV, covering a mass range from 40 to 300 m/z. Compound 

identification was carried out by comparing retention times with authenticated standards 

and analyzing fragmentation patterns. LabSolutions software was used for data 

processing, guaranteeing accurate and reliable results (Loukili et al., 2021, 2023; 

Haddou et al., 2023; Taibi et al., 2023a). 

 

Determination of the MIC 

The evaluation of the Minimum Inhibitory Concentration (MIC) of CNEO 

(Clinopodium nepeta subs ascendens essential oil) and antibiotics was carried out using 

a dilution method in modified medium, in accordance with established protocols (El 

Bouzidi et al., 2024; Elbouzidi et al., 2022; Taibi et al., 2023b). This dilution method 

involves preparing a series of dilutions of the essential oil and antibiotics in a 

specifically modified culture medium, enabling us to assess the minimum concentration 

required to inhibit bacterial growth. A microbial inoculum of the bacterial strains 

studied, including Staphylococcus aureus, Escherichia coli, Bacillus subtilis, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, and Micrococcus luteus, was 

prepared and standardized in Mueller Hinton broth (MHB). CNEO, was dissolved in 

dimethylsulfoxide (DMSO), and antibiotics were diluted in MHB to obtain specific 

concentrations ranges. The results of this evaluation revealed variable responses from 

different bacterial strains, highlighting the diversity of susceptibility profiles to 

antimicrobial agents. These data contribute to our understanding of bacterial resistance 

mechanisms and underline the importance of exploring new therapeutic strategies to 

deal with the emergence of multiresistant strains. These promising results pave the way 

for new research to explore the interactions between natural compounds and synthetic 

antibacterial agents, offering innovative prospects for the development of combined 

therapies and the fight against antibiotic-resistant bacterial infections. 

 

Synergy with synthetic antibiotics 

Evaluation of the synergy between CNEO and synthetic antibiotics used the method 

described previously in reference (Taibi et al., 2024b). The main objective of this study 

was to analyze the interactions between essential oils and synthetic antibiotics, in 

particular amoxicillin, ampicillin, and erythromycin. The preferred method was dilution 

in the medium, with the mixtures then incubation at 37°C for 24 h, followed by careful 

observation of bacterial growth. To assess the interaction between the substances, the 

fractional inhibitory concentration index (FICI) was calculated, using specific formulas 

adapted to essential oils and antibiotics. The results were analyzed using predefined 

thresholds (Taibi et al., 2024c): FICI ≤ 0.5 indicates synergy, 0.5 < FICI ≤ 0.75 partial 

synergy, 0.75 < FICI ≤ 2 without effect and FICI > 2 antagonism. The conclusions of 
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this research provide a more enlightening insight into the complex interactions between 

these compounds, providing directions for improving antibacterial efficacy (Didry et al., 

1993). All the experiments were carried out in triplicate in order to guarantee the 

reliability and accuracy of the results obtained. 

Results and discussion 

Chemical composition 

The chemical composition of Clinopodium nepeta subs ascendens essential oil 

(CNEO) is revealed through the chromatogram illustrated in Figure 2, with the 

identified compounds listed in Table 1. 

Numerous studies have examined the essential oil extracted from C. nepeta (Debbabi 

et al., 2020; Beddiar et al., 2021). However, this study represents (to the best of our 

knowledge) the first exploration of essential oil from the Moroccan subspecies C. nepeta 

subsp. ascendens. GC-MS analysis identified 22 compounds, marked by a notable 

predominance of oxygenated monoterpenes (92.16%), followed by monoterpenes 

(4.19%), sesquiterpene hydrocarbons (2.58%) and oxygenated sesquiterpene 

hydrocarbons (1.08%). This essential oil is particularly characterized by the high presence 

of neoisomenthol (37.89%), pulegone (20.11%), and dihydrocarvone (19.01%). 

These terpene compounds are known for their biological and pharmacological 

properties. The results obtained differ from those reported by Rodenak-Kladniew et al. 

(2023), who observed that the essential oil of another subspecies of C. nepeta (L.), 

Kuntze subsp. spruneri, is mainly composed of other major terpene compounds such as 

menthone (26.6%) and isomenthone (11.7%). They also contrast with the results 

obtained by Öztürk et al. (2021) for oil extracted from C. nepeta subsp. glandulosum 

(Req.), who identified piperitone oxide (47.8%), limonene (18.6%), and piperitone 

oxide II (13.6%) as the main components. These variations in the chemical constituents 

of CNEO essential oil can be attributed to various factors, including extraction methods 

(Hydrodistillation in our study), geographical origin (Ahfir region, with an altitude of 

268 m in our study), climatic conditions (a warm, dry Mediterranean temperate climate 

(Csa) according to the Köppen-Geiger classification) and harvesting period (Spring in 

our study) (Cherrat et al., 2014; Al-Mijalli et al., 2022). 

 

 

Figure 2. GC-MS Chromatogram of Clinopodium nepeta subs ascendens essential oil 



Taibi et al.: Phytochemical composition, antibacterial efficacy, and synergistic interactions of Clinopodium nepeta subs ascendens 

essential oil in combination with conventional antibiotics 
- 4106 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 22(5):4101-4114. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2205_41014114 

© 2024, ALÖKI Kft., Budapest, Hungary 

Table 1. Chemical profile of Clinopodium nepeta subs ascendens essential oil 

N° Name RT (min) 
% Relative peak 

area 

Type of 

molecule 

Molecular 

formula 

1 a-Pinene 5.184 0.75 ± 0.18 MT C10H16 

2 Camphene 5.446 0.11 ± 0.02 MT C10H16 

3 b-Pinene 5.912 0.96 ± 0.11 MT C10H16 

4 D-Limonene 6.767 2.23 ± 0.08 MT C10H16 

5 Eucalyptol 6.819 0.57 ± 0.06 MO C10H18O 

6 g-Terpinene 7.265 0.14 ± 0.06 MT C10H16 

7 Linalool 7.964 1.98 ± 0.09 MO C10H18O 

8 Camphor 8.767 0.41 ± 0.13 MO C10H18O 

9 D-menthone 8.885 3.88 ± 0.37 MO C10H18O 

10 Dihydrocarvone 9.064 19.01 ± 0.08 MO C10H16O 

11 Neoisomenthol 9.430 37.89 ± 0.34 MO C10H20O 

12 2,3-Pinanediol 9.934 4.26 ± 0.34 MO C10H18O 

13 Pulegone 10.264 20.11 ± 0.40 MO C10H16O 

14 3-Carvomenthenone 10.466 0.83 ± 0.05 MO C10H16O 

15 Isobornyl acetate 10.905 0.47 ± 0.06 MO C12H20O2 

16 Carvacrol 11.141 0.91 ± 0.07 MO C10H14O 

17 Thymol 11.297 1.41 ± 0.19 MO C10H14O 

18 Verbenone 11.822 0.46 ± 0.08 MO C10H14O 

19 Caryophyllene 12.948 1.68 ± 0.56 ST C15H24 

20 Germacrene D 13.787 0.91 ± 0.11 ST C15H24 

21 (-)-Spathulenol 15.132 0.36 ± 0.04 STO C15H24O 

22 Caryophyllene oxide 15.191 0.72 ± 0.10 STO C15H24O 

Monoterpenes (MT) 4.19% 

Oxygenated monoterpenes (MO) 92.16% 

Sesquiterpenes (ST) 2.58% 

Oxygenated sesquiterpenes (STO) 1.08% 

 

 

Antibacterial activity of CNEO and conventional antibiotics 

Assessing the antimicrobial efficacy of antibacterial agents is an essential aspect of 

medical research. The present study analyzed the antibacterial properties of various 

agents, including C. nepeta subsp. ascendens, amoxicillin, ampicillin, and 

erythromycin, against different bacterial strains. The results of the minimum 

inhibitory concentration (MIC) tests, shown in Table 2, highlight the remarkable 

antibacterial activity of these agents. For C. nepeta subsp. ascendens (CNEO), 

minimum inhibitory concentrations range from 100 µg/ml against Escherichia coli to 

1000 µg/ml against Klebsiella pneumoniae. For ampicillin, the MIC values ranged 

from 0.25 µg/ml against Escherichia coli and Micrococcus luteus to 0.75 µg/ml 

against Staphylococcus aureus and Pseudomonas aeruginosa. For amoxicillin, the 

MIC values ranged from 0.50 µg/ml against Micrococcus luteus to 2 µg/ml against 

Staphylococcus aureus. Finally, for erythromycin, the MIC values ranged from 0.5 

µg/ml against Micrococcus luteus to 1.5 µg/ml against Staphylococcus aureus and 

Klebsiella pneumoniae. 
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This essential oil has a chemically diverse composition, abundant in bioactive 

terpene molecules. Among these constituents, Neo-iso-menthol stands out because of its 

significant presence. Previous studies have elucidated the bioactive properties of this 

molecule, in particular its antibacterial effects, as highlighted by Mirzaei et al. (2013). 

Furthermore, pulegone, a compound present in CNEO, has attracted particular interest 

due to its inhibitory properties against a broad spectrum of bacterial strains (Nozohour 

and Jalilzadeh-amin, 2021; Farhanghi et al., 2022). These findings corroborate the 

conclusions of Benkhaira et al. (2023), revealing the efficacy of essential oil from C. 

nepeta against a spectrum of pathogenic bacteria. 

 
Table 2. Minimum inhibitory concentration of C. nepeta subsp. ascendens essential oil 

(CNEO), ampicillin, amoxicillin, and erythromycin (conventional antibiotics) against 

different bacterial strains 

EO/Antibiotics 
MIC (µg/mL) 

S. aureus E. coli B. subtilis P. aeruginosa K. pneumoniae M. luteus 

CNEO 350 100 250 700 1000 700 

Ampicillin 0.75 0.25 0.3 0.75 0.5 0.25 

Amoxicillin 2 1 1.25 1.3 1.25 0.50 

Erythromycin 1.50 1.25 0.75 0.75 1.5 0.50 

(n = 3) refers to the number of repetitions for each experiment 

 

 

Synergistic potential of CNEO with ampicillin 

This investigation focused on analyzing the inherent antibacterial properties of 

combinations of C. nepeta subsp. ascendens and ampicillin. This evaluation included 

the determination of Minimum Inhibitory Concentrations (MICs) and the application of 

the Fractional Inhibitory Concentration Index (FICI) to assess the interaction between 

these agents against various bacterial strains. The results, reported in Table 3, concisely 

set out the MIC values for CNEO and ampicillin alone, as well as the FIC values for 

each combination studied. These data provide a quantitative understanding of the degree 

of interaction between the two agents, as reflected by the Fractional Inhibitory 

Concentration Index (FICI). 

For Staphylococcus aureus, Escherichia coli, Bacillus subtilis, Pseudomonas 

aeruginosa, Klebsiella pneumoniae, and Micrococcus luteus, the results reveal 

promising synergistic activity between C. nepeta and ampicillin, highlighted by FICI 

values that indicate synergy or partial synergy. However, it is crucial to note that the 

combination did not show a significant effect against Klebsiella pneumoniae, 

underlining the importance of considering the specificity of interactions depending on 

the bacterial strain. This synergy was particularly pronounced against Staphylococcus 

aureus and Pseudomonas aeruginosa. The optimal synergistic effect was recorded 

against Pseudomonas aeruginosa with a fractional inhibitory concentration index of 

0.31. Furthermore, partial synergy was observed against Bacillus subtilis (FICI 0.53), 

Escherichia coli (FICI 0.65), and Micrococcus luteus (FICI 0.69). Overall, this 

synergistic and partially synergistic interaction resulted in significant reductions, 

ranging from two to sixfold, in the (MIC) values of CNEO and ampicillin. 

This methodical approach to assessing antimicrobial interactions offers promising 

prospects for the development of potentially more effective combination therapies. 
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However, further investigations, including complementary studies, are needed to gain a 

better understanding of the molecular basis underlying these interactions and to 

optimize the clinical application of these combinations. These preliminary results 

provide a significant impetus for continuing in-depth research in the search for 

innovative solutions to the persistent threat of antimicrobial resistance. 

 
Table 3. Effect of combinations between C. nepeta subsp. ascendens essential oil (CNEO) 

and ampicillin 

Bacterial strain Combinations 
MICa 

(µg/mL) 

MICc 

(µg/mL) 
FIC FICI Interaction 

S. aureus 

ATCC 25923 

C. nepeta 

Ampicillin 

350 

0.75 

70 

0.2 

0.20 

0.27 
0.47 Synergy 

E. coli 
C. nepeta 

Ampicillin 

100 

0.25 

25 

0.1 

0.25 

0.40 
0.65 Partial synergy 

B. subtilis 
C. nepeta 

Ampicillin 

250 

0.3 

50 

0.3 

0.20 

0.33 
0.53 Partial synergy 

P. aeruginosa 

ATCC 27853 

C. nepeta 

Ampicillin 

700 

0.75 

125 

0.1 

0.18 

0.13 
0.31 Synergy 

K. pneumoniae 
C. nepeta 

Ampicillin 

1000 

0.5 

600 

0.3 

0.60 

0.60 
1.20 No effect 

M. luteus 
C. nepeta 

Ampicillin 

700 

0.25 

200 

0.1 

0.29 

0.40 
0.69 Partial synergy 

(n = 3) refers to the number of repetitions for each experiment 

MICa: MIC of single component tested alone; MICc: MIC of each component in the association at the 

most effective inhibition growth; FIC: Fractional inhibitory concentration is determined by the ratio 

MICc/MICo; FICI (fractional inhibitory concentration index): FIC of Ampicillin + FIC of CNEO 

 

 

Synergistic potential of CNEO with amoxicillin 

The results, recorded in Table 4, briefly present the Minimum Inhibitory 

Concentration (MIC) values for CNEO and amoxicillin in isolation, as well as the 

Fractional Inhibitory Concentration Index (FICI) values for each combination 

examined. These data provide a quantitative understanding of the nature of the 

interaction between these two agents, as reflected by the FICI. For Staphylococcus 

aureus, significant synergy was observed, illustrated by the FICI values indicating 

marked synergy (0.41). For Escherichia coli, partial synergy was observed, with an 

FICI of 0.75. For Bacillus subtilis, no significant effect was detected, demonstrated by 

an FICI of 0.96. For Pseudomonas aeruginosa, no significant effect was observed, with 

a FICI of 0.78. Klebsiella pneumoniae showed partial synergy, with a FICI of 0.66. 

Finally, Micrococcus luteus did not show a significant effect, with a FICI of 1.06. It is 

essential to emphasize that the results indicating no effect highlight the need to take into 

account the specificity of interactions depending on the bacterial strain. In addition, 

synergistic and partially synergistic interactions induced significant reductions, varying 

from two to four times, in the Minimum Inhibitory Concentration (MIC) values of 

CNEO and amoxicillin. 

This methodical approach to the evaluation of antimicrobial interactions represents a 

rigorous and systematic approach that opens promising horizons for the development of 

combination therapies, which could demonstrate increased efficacy. By adopting a 

methodical approach, it is possible to explore in depth the various facets of interactions 
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between antimicrobial agents, thus gaining a better understanding of their complexity 

and identifying potential synergies. Therefore, this methodical approach provides a 

solid platform for the design of innovative and optimized combination therapies, 

leveraging an in-depth understanding of the mechanisms of interaction between 

antimicrobial agents. 

 
Table 4. Effect of combinations between C. nepeta subsp. ascendens essential oil and 

amoxicillin 

Bacterial strain Combinations 
MICa 

(µg/mL) 

MICc 

(µg/mL) 
FIC FICI Interaction 

S. aureus 

ATCC 25923 

C. nepeta 

Amoxicillin 

350 

2 

100 

0.25 

0.29 

0.13 
0.41 Synergy 

E. coli 
C. nepeta 

Amoxicillin 

100 

1 

25 

0.5 

0.25 

0.50 
0.75 Partial synergy  

B. subtilis 
C. nepeta 

Amoxicillin 

250 

1.25 

200 

0.2 

0.80 

0.16 
0.96 No effect 

P. aeruginosa 

ATCC 27853 

C. nepeta 

Amoxicillin 

700 

1.3 

275 

0.5 

0.39 

0.38 
0.78 No effect 

K. pneumoniae 
C. nepeta 

Amoxicillin 

1000 

1.25 

500 

0.2 

0.50 

0.16 
0.66 Partial synergy 

M. luteus 
C. nepeta 

Amoxicillin 

700 

0.50 

600 

0.1 

0.86 

0.20 
1.06 No effect 

(n = 3) refers to the number of repetitions for each experiment 

MICa: MIC of single component tested alone; MICc: MIC of each component in the association at the 

most effective inhibition growth; FIC: Fractional inhibitory concentration is determined by the ratio 

MICc/MICo; FICI (fractional inhibitory concentration index): FIC of Ampicillin + FIC of CNEO 

 

 

Synergistic potential of CNEO with erythromycin 

The findings, presented in Table 5, concisely depict the Minimum Inhibitory 

Concentration (MIC) values for CNEO and erythromycin individually, alongside the 

Fractional Inhibitory Concentration (FIC) values for each examined combination. These 

data provide a quantitative understanding of the interactions between these agents, as 

delineated by the FIC index. 

For Staphylococcus aureus, pronounced synergy is discerned, elucidated by FIC 

values indicative of marked synergy (0.41). Regarding Escherichia coli, a partial 

synergy is evident, with an FIC of 0.74. Concerning Bacillus subtilis, no statistically 

significant effect is discerned, as demonstrated by an FIC of 1.27. For Pseudomonas 

aeruginosa, no statistically significant effect is observed, with an FIC of 0.95. 

Klebsiella pneumoniae manifests synergy, as evidenced by an FIC of 0.38. Lastly, 

Micrococcus luteus demonstrates partial synergy, with an FIC of 0.61. 

It is imperative to emphasize that results indicating the absence of a statistically 

significant effect emphasize the need to consider the specificity of interactions based on 

bacterial strains. Furthermore, synergistic and partially synergistic interactions induce 

substantial reductions, ranging from two to four times, in the values of Minimum 

Inhibitory Concentration (MIC) for CNEO and erythromycin. 

This systematic approach to the evaluation of antimicrobial interactions presents 

promising prospects for the development of potentially more effective combined 

therapies. comprehensive investigations, including mechanistic studies, are required to 
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enhance our understanding of the molecular underpinnings of these interactions and 

optimize their clinical application. Therefore, these preliminary findings advocate the 

sustained pursuit of extensive research in the quest for innovative solutions to address 

the persistent threat of antimicrobial resistance. 

 
Table 5. Effect of combinations between C. nepeta subsp. ascendens essential oil (CNEO) 

and erythromycin 

Bacterial 

strain 
Combinations 

MICa 

(µg/mL) 

MICc 

(µg/mL) 
FIC FICI Interaction 

S. aureus 

ATCC 25923 

C. nepeta 

Erythromycin 

350 

1.50 

50 

0.4 

0.14 

0.27 
0.41 Synergy 

E. coli 
C. nepeta 

Erythromycin 

100 

1.25 

50 

0.3 

0.50 

0.24 
0.74 Partial synergy 

B. subtilis 
C. nepeta 

Erythromycin 

250 

0.75 

150 

0.5 

0.60 

0.67 
1.27 No effect 

P. aeruginosa 

ATCC 27853 

C. nepeta 

Erythromycin 

700 

0.75 

250 

0.5 

0.29 

0.67 
0.95 No effect 

K. pneumoniae 
C. nepeta 

Erythromycin 

1000 

1.5 

250 

0.2 

0.25 

0.13 
0.38 Synergy 

M. luteus 
C. nepeta 

Erythromycin 

700 

0.50 

150 

0.2 

0.21 

0.40 
0.61 Partial synergy 

(n = 3) refers to the number of repetitions for each experiment 

MICa: MIC of single component tested alone; MICc: MIC of each component in the association at the 

most effective inhibition growth; FIC: Fractional inhibitory concentration is determined by the ratio 

MICc/MICo; FICI (fractional inhibitory concentration index): FIC of Ampicillin + FIC of CNEO 

 

 

The remarkable efficacy of the antibacterial activity of the essential oil of C. nepeta 

subsp. ascendens, highlighted by these results, is of particular interest due to its distinct 

chemical composition, characterized by a significant abundance of terpene molecules. 

These compounds, such as terpenes, appear to play a crucial role in exerting the 

antimicrobial effect of essential oils, offering a fascinating prospect for further 

investigations aimed at elucidating the precise mechanisms at work. The remarkable 

synergistic potential of this oil does not appear to stem from chance but rather from the 

complex synergistic interaction between the bioactive molecules present in the oil and 

the active principles of the three antibiotics examined. This synergy, resulting from the 

coordinated collaboration of these components, confers on the whole increased efficacy 

against the different bacterial strains, thus underlining the relevance of this synergistic 

approach (Rai et al., 2017). 

The combined action of the essential oil components and antibiotics appears to lead 

to an improvement in cell permeability. This improvement promotes the more efficient 

uptake of antibiotics by bacterial cells, a process that, together with the interaction of 

essential oil components with cell membrane channels, facilitates the optimal transport 

of antimicrobial agents to their intracellular targets (Solórzano-Santos and Miranda-

Novales, 2012). This synergy between the secondary metabolites of essential oils and 

antibiotics is emerging as a promising strategy to enhance the efficacy of antibacterial 

treatments, opening the way to new potential clinical applications. 

The promising clinical implications of these findings unequivocally justify further 

investigation in this area, highlighting the need for a deeper understanding of the 
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mechanisms underlying this synergy. These findings are consistent with other research 

results, confirming scientific and clinical interest in the synergy between essential oils 

and conventional antibiotics (Jugreet and Mahomoodally, 2020; Sharma et al., 2023; 

Taibi et al., 2024c). This convergence also suggests a fertile avenue for further research 

aimed at refining this synergistic approach and exploring its practical implications in the 

context of combating bacterial infections. 

The novel aspects of this study highlight a significant advance in research into plant-

based antimicrobial agents. In particular, the results highlight that Clinopodium nepeta 

subsp. ascendens oil extract exhibits superior antibacterial efficacy to other plant-based 

oils, such as Ptychotis verticillata Duby essential oil, when applied in synergy with 

conventional antibiotics (Taibi et al., 2024c). This finding reinforces the relevance of C. 

nepeta subsp. ascendens oil as a potentially potent antimicrobial agent, suggesting new 

perspectives in the fight against bacterial infections. 

Conclusion 

Recent examination of essential oil extracted from Clinopodium nepeta subs 

ascendens has highlighted significant antimicrobial properties, revealing increased 

efficacy against specific strains of Gram-positive and Gram-negative bacteria. This 

discovery is generating considerable interest in medical research, as it suggests 

promising possibilities for the treatment of bacterial infections. The simultaneous use 

of CNEO in combination with conventional antibiotics such as ampicillin, amoxicillin, 

and erythromycin revealed synergistic interactions with certain bacterial strains. This 

synergy led to a significant reduction in minimum inhibitory concentrations (MICs) 

compared to antibiotics tested individually. These results are encouraging as they pave 

the way for new therapeutic strategies that could improve the efficacy of existing 

antibiotic treatments. This synergy not only reduces the doses needed to inhibit 

bacterial growth, but also helps to reduce the risk of the emergence of antibiotic-

resistant strains, a major public health problem. However, despite these advances, 

there are still several limitations. Among these, the specificity of the interactions 

observed raises questions about the generalizability of the results. In addition, it is 

essential to broaden the range of bacterial strains studied to better understand the 

extent of this synergy. Furthermore, understanding the molecular mechanisms 

underlying this synergistic interaction is crucial for effective clinical application. In 

conclusion, while this study offers promising information, it also highlights the 

importance of further research to deepen our understanding of the benefits and 

limitations of using essential oils in combination with antibiotics in the treatment of 

microbial infections. These ongoing research efforts could shed light on new 

therapeutic avenues and help improve healthcare. 
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