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ABSTRACT: Artemisia dracunculus L., or tarragon, is a perennial herb from the Asteraceae family that is extensively
cultivated for its aromatic leaves, which are valued for its preventative and therapeutic properties in both cookery and
traditional medicine. This study aims to investigate the antibacterial, antioxidant, and anti-inflammatory properties of
A. dracunculus (tarragon) essential oil (ADEO), with estragole (57.23%) identified as the major compound through gas
chromatography-mass spectrometry (GC-MS) analysis. ADEO exhibited varying degrees of antibacterial activity, with
Escherichia coli showing higher resistance (inhibition zone (IZ) = 14.7 ± 0.58 mm, minimum inhibitory concentration
(MIC) = 2% and minimum bactericidal concentration (MBC) = 4%), while Bacillus subtilis (IZ = 24.05 ± 2.11 mm and
MIC = MBC = 0.125%) and Staphylococcus aureus (IZ = 18.69 ± 1.45 mm, MIC = 0.0612% and MBC = 0.125%) were
more sensitive to its actions. Antioxidant ability was assessed using 1,1-diphenyl-2-picrylhydrazil (DPPH), 2,2′-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid)) (ABTS), xanthine oxidase inhibition, and beta-carotene bleaching assays.
ADEO showed remarkable antiradical effect on DPPH (IC50 = 127.05 ± 3.47 μg/mL) and ABTS radical (IC50 = 89.60
± 8.73 μg/mL) as well as significant inhibition of xanthine oxidase (IC50 = 47.9 ± 2.04 μg/mL) and lipid peroxidation
(IC50 = 231.63± 5.21 μg/mL). ADEO also showed significant anti-inflammatory activity by inhibiting the enzymes COX-
1 (IC50 = 59.2 ± 2.43 μg/mL), Cyclo-oxygenase-2 (COX-2) (IC50 = 74.68 ± 1.34 μg/mL) and 5-lipooxygense (5-LOX)
(IC50 = 93.18± 1.87 μg/mL), which are involved in the inflammatory pathway. These findings suggest that ADEO, with its
high estragole content, holds promising potential as a natural antibacterial, antioxidant, and anti-inflammatory agent for
preventive and therapeutic applications. Further research is needed to explore its safety and efficacy in clinical settings.
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1 Introduction
The historical usage of medicinal plants by various cultures and civilizations, such as the Egyptians,

Greeks, Chinese, and Indians, has significantly contributed to the foundation of modern pharmacology.
Many modern pharmaceuticals, including aspirin (derived from Willow Bark) and quinine (from Cinchona
bark), can trace origins in traditional plant-based remedies [1–3]. Recently, there is a rising interest in
the therapeutic potential of medicinal plants, driven by the search for natural, sustainable, and side-
effect-free treatments. According to the World Health Organization (WHO), around 75% of the global
population still depends on plant-based folk medicine for primary healthcare, emphasizing the lasting
relevance of these remedies in worldwide health [4]. Indeed, medicinal plants have demonstrated their
efficacy on various ailments, including infections, wounds, and chronic conditions. The therapeutic use of
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medicinal plants continues to hold significant importance today, as they serve as a rich source of bioactive
compounds, proposing natural alternatives to conventional drugs in combating microbes, oxidative stress,
and inflammation [5,6].

The antimicrobial properties of medicinal plants have been acknowledged for centuries, with many plant
extracts being used to treat infections caused by bacteria, fungi, and viruses. Historically, plants like Thyme,
oregano, rosemary, and lavender have been employed to boost immunity and fight off infections [7,8]. The
discovery of bioactive compounds in these plants, especially essential oils, has provided scientific backing for
their use. These volatile compounds work through multiple mechanisms, including disrupting microbial cell
walls, inhibiting enzymes necessary for microbial survival, and preventing microbial replication. In an era of
rising antibiotic resistance, medicinal plants offer a valuable resource for developing alternative antimicrobial
therapies, demonstrating effective antibacterial and antifungal actions [9–11].

Oxidative stress and inflammation are closely associated with biological processes that play a significant
role in the development of numerous chronic diseases, including cardiovascular disorders, diabetes, cancer,
and neurodegenerative conditions [12]. Oxidative stress happens when there is a discrepancy between the
production of free radicals; unstable molecules that can damage cell, and the body’s ability to neutralize them
with antioxidants. This excess of free radicals leads to cellular and tissue damage, prompting inflammatory
responses [13]. Although inflammation is a protective mechanism aimed at combating damage or infection,
when it becomes chronic, it can worsen oxidative damage and contribute to disease progression [14]. In this
context, medicinal plants are well-known for their potential to mitigate oxidative stress and inflammation
owing to their high content of bioactive compounds such as flavonoids, phenolics, and EOs. These natural
substances act via neutralizing free radicals, enhancing the body’s antioxidant systems, and regulating
inflammatory pathways [15,16].

Artemisia dracunculus L., or tarragon, is a perennial herb belonging to the family of Asteraceae, native to
regions of Europe, Asia, and North America, and is widely grown for its fragrant leaves, which are esteemed
uses in both cooking and folk medicine [17]. Traditionally, tarragon has been used as preventive agent to
alleviate digestive issues such as indigestion and bloating due to its carminative nature, and to ease menstrual
cramps because of its antispasmodic effects. Besides, tarragon has been used to treat insomnia, eliminate
intestinal parasites, and underscoring its long-standing therapeutic significance [18]. The rich chemical
composition and wide-ranging biological activities of A. dracunculus EO (ADEO) make it a valuable resource
in both traditional and contemporary therapeutic practices. The ADEO is typically obtained via steam
distillation from the aerial parts and has a sweet, anise-like scent. Its major compounds include estragole,
D-limonene, ocimene and myrcene, with estragole often being the main compound responsible for the oil’s
distinct sweet-spicy aroma. These bioactive molecules are responsible for the biological properties of ADEO,
such as antimicrobial, antioxidant, anti-inflammatory, and analgesic effects [19].

The objective of the current exploration is to examine the phytochemical profile, antibacterial, antiox-
idant, and anti-inflammatory activities of ADEO. Specifically, the research aims to assess the differential
antibacterial efficacy of the oil against both Gram-negative and Gram-positive bacteria. Moreover, the study
seeks to quantify the oil’s antioxidant activity through DPPH, ABTS, xanthine oxidase inhibition, and beta-
carotene bleaching tests and to evaluate its anti-inflammatory potential by analyzing its inhibition of COX-1,
COX-2, and 5-LOX enzymes.

An original aspect of this research lies in its comprehensive investigation of the ADEO multi-functional
bioactivities, coupled with the comprehensive chemical profiling of its volatile compounds, contributing
valuable insights into its potential for therapeutic and industrial applications.
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2 Materials and Methods

2.1 Plant Material and Extraction
A. dracunculus L. aerial parts were collected in March 2023 from Taza region (34○13′26′′N, 4○00′ 24′′W)

(Morocco). This region has a Mediterranean climate characterized by an average annual rainfall of approxi-
mately 600 mm, temperatures ranging from 10○C in winter to 30○C in summer, and calcareous-clay soil with
moderate organic matter content [20]. The name of this species was identified and confirmed by the botanists
at the Botany Department of the Scientific Institute of Rabat, Morocco, and a Voucher specimen (RAB18236)
was deposited in the herbarium. In brief, the collected materials (a mixture of leaves, flowers, and stems) were
cleaned to remove dust and impurities, then air-dried in a well-ventilated, shaded area at room temperature
(25 ± 2○C) for 10 days to preserve their volatile compounds and prevent photodegradation. Once fully dried
and brittle to the touch, the plant materials were ground into a coarse powder using a mechanical grinder.

Briefly, 150 g of dried plant material were submerged in 1150 mL of distilled water, maintaining a plant-
to-water ratio of 1:1 (w/v). The mixture was heated to 200○C, and hydrodistillation was carried out for 190 min
to ensure maximum recovery of volatile compounds. EOs were separately isolated and dehydrated using
anhydrous sodium sulphate (Na2SO4) to remove any residual moisture. After the separation of A. dracunculus
EO (ADEO) from the aqueous layer, the oils were carefully recovered from the burette and stored in amber
glass vials at 4○C until further experimentation to protect them from light and oxidation.

2.2 GC-MS Analysis of ADEO
The chemical characterization of ADEO components was established by the technique of GC-MS. The

apparatus used is well-appointed with a split/splitless injector, an apolar capillary column HP-5MS (5%
phenyl polymethyl siloxane) (30 m × 0.25 mm, film thickness i.d. 0.25 μm) and a Mass Detector type Agilent
5975C. The gas used is helium, while the temperature is maintained at 250○C as the injector temperature
and 300○C as the detector temperature. The transfer line was heated at 280○C. The mass spectra adopted a
scanning mode (70 eV) in the range 50–550 m/z. The samples were diluted with hexane and injected with a
volume of 2 mL. The chemical representation was reported in terms of the relative concentration of the total
peak area. Normalization-based relative peak concentrations were then estimated using the equation below:

Yi% = [Pi/ (P1 + P2 + ⋅ ⋅ ⋅ + Pn)] × 100

where Y and P is the percentage and peak areas, respectively [21]. The compounds were separated on the
column and each chromatogram was characterized by comparing its mass spectrum with those described in
the NIST library.

2.3 Antibacterial Assays
2.3.1 Bacteria Strains and Growth Conditions

To assess the antibacterial potential of ADEO, we have chosen the following bacteria: Bacillus subtilis
ATCC 6633, Micrococcus luteus ATCC 14452, Escherichia coli ATCC 27853, Staphylococcus aureus ATCC
29213, Klebsiella aerogenes ATCC 13048 which provided by the laboratory of microbiology, University
Mohamed V. These bacteria were chosen based on their clinical significance and their ability to represent
a broad spectrum of pathogenic bacteria. Bacteria were kept at inclined Luria-Bertani (LB) agar medium
at 4○C. Prior to testing, the bacteria were reactivated by subculturing in an appropriate medium, specif-
ically LB broth, at 35○C for 20–24 h. For the antibacterial screening, a final bacterial concentration of
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approximately 106 CFU/mL was used, following the guidelines set by the National Committee for Clinical
Laboratory Standards.

2.3.2 Agar-Disc Diffusion Assessment
The antibacterial screening of ADEO was performed using the agar disc-diffusion assessment, with

minor modifications to a previously published protocol [22]. In short, sterile 6 mm discs containing 8 μL
of ADEO were placed on the surface of Muller-Hinton agar, which had been inoculated with bacteria at
a concentration of 1 × 108 to 2 × 108 CFU/mL. Chloramphenicol (10 μg/disc) was served as the standard
antibiotic. After incubating at 37○C for 18–24 h, the antibacterial activity was reported by quantifying the
inhibition zone diameter in millimeters. The experiment was repeated three times independently.

2.3.3 MIC and MBC Tests
MICs were performed in sterile 96 well-microplate using micro-dilution technique as reported by

Nouioura et al. [23]. A 0.15% (w/v) bacteriological agar solution was used to emulsify the tested oil in the
culture medium. Initially, 50 μL of Muller-Hinton broth was added to all test wells, except the first, which
contained 100 μL of ADEO at a concentration of 16% v/v. ADEO was then serially diluted by transferring
50 μL from the first well to the 10th well, creating concentrations ranging from 0.194 to 100 mg/mL. The 11th
well served as the growth control, while the 12th acted as the sterility control (negative control). Subsequently,
50 μL of inoculum (approximately 106 CFU/mL) was added to each well from the 1st to the 11th. After
incubating at 37○C for 18–24 h, 20 μL of p-iodonitrotetrazolium chloride (TTC) was introduced to each
well to detect bacterial growth. The microplate was incubated for an additional hour at 25○C, with bacterial
growth indicated by a color change from clear to red. MBCs were then determined by transferring 5 μL from
colorless wells (no bacterial growth) onto LB plates, followed by incubation at 37○C for 20 h.

2.4 Antioxidant Activity
The antioxidant ability of ADEO was determined adopting four known complementary assay, including

ABTS, DPPH, xanthine oxidase and β-carotene/linoleic acid tests as indicated in the literature [24,25]. The
three independent replicates (n = 3) were used for the trials, and IC50 values were determined based on
inhibition curves and established as means ± SD. Allopurinol was used as positive control for xanthine
oxidase test, while BHT was serve as standard antioxidant in three other assays.

2.5 Evaluation of the Enzyme Inhibitory Effects
The anti-inflammatory potential of ADEO have focused on their capacity to inhibit the cyclooxygenases

1 and 2 (COX-1 and COX-2) and 5-lipoxygenase (5-LOX) enzymes. Quercetin and indomethacin were used
as standard drugs.

2.6 Statistical Analysis
All results of this investigation were organized and analyzed statistically by adopted ANOVA-one way

(Tukey test) using SPSS software. Except the analysis of chemical compounds, all other tests were performed
in triplicate. p < 0.05 was considered statistically significant.
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3 Results and Discussion

3.1 Volatile Compounds
The phytochemical content of ADEO was analyzed by GC-MS. The identified molecules are presented

in Table 1, along with their molecular formula, retention index (RI) and relative peak area percentage of
each compound. A total of 11 constituents were detected, representing 97.04% of the total oil composition.
The analysis showed that phenylpropanoids and monoterpene hydrocarbons were dominant compounds
at 62.99% and 34.05%, respectively. Estragole was the major component, representing 57.23% of the total,
followed by ß-ocimene (14.56%), α-ocimene (7.3%) and D-limonene (5.66%).

Table 1: Chemical constituents detected in ADEO

No. Components Molecular formula RI Relative peak area (%)
1 Camphene C116 943 0.14
2 α-Pinene C10H16 948 1.34
3 β-Pinene C10H16 953 2.45
4 α-Ocimene C10H16 958 7.3
5 ß-Ocimene C10H16 976 14.56
6 Neo-allo-Ocimene C10H16 993 2.60
7 D-Limonene C10H16 1018 5.66
8 Estragole C10H12O 1172 57.23
9 3-Allyl-6-methoxyphenol C10H12O2 1392 2.63
10 Methyl eugenol C11H14O2 1361 2.35
11 p-Methoxycinnamaldehyde C10H10O2 1378 0.78

Total identified (%) 97.04
Monoterpene hydrocarbons 34.05

Phenylpropanoids 62.99
Other –

Our work is in line with other studies in the literature. A study carried out in Turkey on A. dracunculus L.
showed that the main compound was estragole, with a percentage of 69.34% [26]. Similarly, another study
carried out in Morocco on A. herba-alba and A. dracunculus also showed that the main compound of
A. dracunculus was estragole (69.23%) [27]. In addition, analysis of the chemical profile of A. dracuncu-
lus L. grown in Armenia revealed a high content of estragole (84.9%), followed by linalool (5.09%) and
β-ocimene (4.04%) [28]. Egypt highlighted a higher estragole concentration of 60.3%, with climate playing
a significant role in the composition [29]. However, Ali Karimi and colleagues, after studying 26 genotypes
of A. dracunculus cultivated in Iran, revealed a chemical profile dominated by methylchavicol (68.2%–
81.1%), followed by D-limonene (7.2%–16.7%), terpinolene (0.01%–7.68%), (Z)-β-ocimene (0.89%–4.99%)
and (E)-β-ocimene (0.81%–4.5%) [30]. Other studies have also shown a more distinct chemical profile. In
a study investigating the effect of extraction method on the chemical profile of A. dracunculus, Fatemeh
Abdollahnejad and colleagues found that the essential oil obtained was rich in anethole (53.74%) according to
the different methods of extraction studied; hydrodistillation and empirical modified steam distillation [31].
In addition, a study carried out in Tajikistan on the chemical composition of A. dracunculus showed
that this plant contained mainly sabinene (29.1%), estragole (24.6%) and limonene (7.8%) [32]. Another
paper reported that the chemical composition of this species was characterized by sabinene (42.38%) and
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β-ocimene (6.46%) as the main compounds [33]. Similarly, sabinene (19.19%) was noticed as the key
compound in ADEO [34].

This regional variability suggests that environmental conditions play a crucial role in determining the
chemical profile of ADEO.

In summary, multiple parameters and circumstances, including geographical origin, climatic variations,
harvesting and processing conditions, could explain the differences in ADEO composition. Ecological
factors, genetic variability, environment variance, location and season of crop harvest can all affect the
chemical content [35,36]. In fact, the latitude and altitude of the harvest site can have an effect on temperature,
exposure to solar radiation and phylogenetic stage, all of which can alter the composition of EO [9,37].

3.2 Antibacterial Activity
The antibacterial efficacy of ADEO was explored using two complementary assays, including disc-

diffusion and broth micro-dilution tests on Gram positive (Gram+) and Gram-negative (Gram−) bacteria.
Indeed, ADEO has demonstrated potent antibacterial action against all tested strains. The results of disc-
diffusion assessment showed that Gram + bacteria B. subtilis and S. aureus were highly susceptible to ADEO
with mean inhibition zones (IZ) of 24.05 ± 2.11 and 18.69 ± 1.45 mm, respectively. E. coli, one of Gram-
bacteria appeared to be resistant to ADEO with IZ of 14.7± 0.58 mm (Fig. 1). This outcome may be attributed
to the dissimilarities in their cell wall composition among Gram+ and Gram– bacteria [38–40]. In fact,
Gram+ bacteria possess a thick but permeable peptidoglycan layer, which allows EOs, particularly their
fat-soluble components, to penetrate more easily and disrupt cell membranes. Whereas Gram-bacteria are
characterized by an additional outer membrane rich in lipopolysaccharides (LPS), acting as a protective
barrier, thus stopping the entry of EOs and therefore making these bacteria more resistant to their actions.
The MIC and MBC assays confirmed the results obtained by IZ test [41].

Figure 1: Antibacterial activity of ADEO through disc diffusion method. records with the same letter indicate non-
significant differences by Tukey’s multiple range test (ANOVA, p < 0.05)

The findings showed that the lowest MIC and MBC values were noted with S. aureus and B. subtilis,
K. aerogenes, fluctuating from 0.0612% to 0.5%, while, E. coli tend to be more resistant to ADEO, with the
respective MIC and MBC values of 2 and 4% v/v (Table 2). These findings are competitive when compared to
standard antibiotic Chloramphenicol with the MIC =MBC = 256 μg/mL. This highlights ADEO’s potential
as an alternative treatment, particularly for infections caused by Gram-positive bacteria. However, given the
variability in effectiveness and the need for higher concentrations, further studies are needed to optimize its
use and assess its safety profile, especially when compared to synthetic antibiotics.
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Table 2: MIC and MBC values of ADEO

Microorganisms ADEO (% v/v) Chloramphenicol (μg/mL)

MIC MBC Tolerance level MIC MBC Tolerance level
B. subtilis 0.125 0.125 1 256 256 1
M. luteus 2 2 1 128 512 4

E. coli 2 4 2 64 128 2
S. aureus 0.0612 0.125 2 128 256 2

K. aerogenes 0.5 0.5 1 32 32 1

MIC ratios (tolerance level) provide important insights into whether an EO works by killing microor-
ganisms or simply inhibiting their growth. When the fraction of MBC/MIC is 4.0 or lower, it shows that
the oil possesses bactericidal action, meaning it can efficiently kill bacteria. In this case, the antimicrobial
agent can reach a concentration sufficient to eliminate 99.9% of the microorganisms being treated [42]. This
suggests the agent’s ability to cause microbial death rather than just inhibit growth. Conversely, if the ratio
exceeds 4.0, it implies that a much higher concentration is required to kill the microorganisms, which may
not always be achievable in practice. In such cases, the EO is classified as bacteriostatic, inhibiting the growth
of the microorganisms rather than directly killing them. In the present investigation the MIC ratios of ADEO
is 4.0 or lower against all studied strains, demonstrating its bactericidal mechanism [43].

Previous study carried out on ADEO obtained from different plant parts (aerial parts, leaves, steams)
and with different extraction methods have reported the antibacterial efficacy of this natural compound
against a panel of bacterial strains. ADEO has demonstrated potent antibacterial effect against S. aureus,
Staphylococcus epidermidis, E. coli, M. luteus, B. subtilis, B. cereus, Streptococcus pyogenes, S. typhimurium,
E. coli, Listeria monocytogenes, Shigella flexneri, S. marcescens, Pseudomonas aeruginosa, Klebsiella pneumo-
nia, Salmonella typhimurium, Proteus spp. and Corynebacterium diphtheria [44].

Interestingly, Mohammadi Pelarti et al. [45] have reported the antibacterial and antibiofilm potential
of ADEO against S. typhimurium and S. aureus. The MIC values were equal to 2.5 and 1.25 μL/mL
for S. typhimurium and S. aureus, respectively and a microtiter-plate and scanning electron microscopy
examinations revealed remarkable inhibitory effect of ADEO on biofilm formation by both bacteria at
MIC/2 concentration.

In addition to estragole, ADEO contains multiple other components, such as α-pinene, camphene,
1,8-cineole, and sabinene, which may contribute to its overall pharmacological properties. The potential
synergistic effects of these compounds, in combination with estragole, could enhance the therapeutic efficacy
of ADEO in various applications, including antibacterial, antioxidant, and anti-inflammatory treatments.

For instance, α-pinene, a monoterpene, has been shown to possess antimicrobial properties and may
enhance the antimicrobial activity of other essential oils when used synergistically. A study by Allenspach
et al. [46] demonstrated that α-pinene exhibited synergistic antibacterial effects when combined with
other compounds, leading to increased bactericidal activity against both Gram-positive and Gram-negative
bacteria [46]. Additionally, 1,8-cineole has proved both anti-inflammatory and antioxidant activities, and
its combination with other compounds like α-pinene has been shown to improve anti-inflammatory
effects [47]. A study by Ben Akacha et al. [48] reported that 1,8-cineole exhibited significant antioxidant
and anti-inflammatory effects, particularly when combined with other compounds like α-pinene and
α-terpineol, enhancing its overall bioactivity. Furthermore, synergistic effects have been observed between
the monoterpenes and sesquiterpenes in EOs, improving antimicrobial potency and reducing resistance [49].
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The antibacterial effect of ADEO holds significant potential for practical applications in food preser-
vation and healthcare. In the food industry, ADEO could be used as a natural antibacterial agent to reduce
bacterial contamination, extend shelf life, and serve as an alternative to synthetic preservatives in products
like meats, dairy, and fresh produce. In healthcare, ADEO’s antibacterial properties could contribute to
developing natural therapies for antibiotic-resistant infections, as well as be incorporated into disinfectants,
wound treatments, and skin care products for inflammatory conditions.

3.3 Anti-Inflammatory Activity
Inflammation is a complex biological response that the body activates as a defense mechanism against

harmful stimuli such as pathogens, toxins, or tissue injury. Although critical for immune defense, chronic
inflammation contribute to various health issues, including cardiovascular disease, cancer, and autoimmune
disorders [50,51]. A key player in the inflammatory process is the enzymes lipoxygenase (LOX) and cyclooxy-
genases (COX), which act as a regulator of inflammation through catalyzing the oxidation of arachidonic
acid, leading to the production of lipid mediators that regulate inflammation. COX-1 is a constitutive enzyme
promotes normal physiological functions, by protecting the gastric lining and supporting blood clotting,
while COX-2 is inducible and primarily responsible for producing pro-inflammatory prostaglandins during
injury or infection, contributing to pain, fever, and swelling [52,53].

Furthermore, LOX enzymes, particularly 5-LOX, convert arachidonic acid into hydroperoxyeicosate-
traenoic acids (HPETEs), which are further metabolized into leukotrienes. These lipid mediators are crucial
signaling molecules that promote various inflammatory responses [54]. Understanding COX-1, COX-2,
and 5-LOX functions has provided critical insights into the mechanisms underlying major inflammatory
diseases. This fact has led to the development of therapeutic approaches aimed at inhibiting the activity of
these enzymes. By blocking 5-LOX enzymes, it is possible to reduce the formation of leukotrienes, thereby
preventing the inflammatory signaling pathways that contribute to chronic conditions like asthma, arthritis,
and inflammatory bowel disease (IBD).

Natural inhibitors isolated from medicinal floras, such as EOs, show promise in modulating both COX
and LOX pathways, offering potential for safer, more holistic anti-inflammatory therapies. In this study,
ADEO revealed significant inhibition of the COX-1, COX-2 and 5-LOX enzyme, with IC50 values of 59.2 ±
2.43, 74.68 ± 1.34 and 93.18 ± 1.87 μg/mL, respectively (Table 3). Although less effective than the standard
drug quercetin (IC50 = 26.22 ± 0.03 μg/mL) and indomethacin (14.72 ± 0.09 and 11.08 ± 0.03 μg/mL), these
results highlight ADEO potential as an anti-inflammatory agent.

Table 3: Anti-inflammatory effect of ADEO

COX-1 COX-2 5-LOX

IC50 (μg/mL)
ADEO 59.2 ± 2.43a 74.68 ± 1.34a 93.18 ± 1.87a

Indomethacin 14.72 ± 0.09b 11.08 ± 0.03b –
Quercetin – – 59.2 ± 2.43b

Note: Records with the same letter in the same assessment show non-significant differences by Tukey’s multiple range
test (ANOVA, p < 0.05).

While ADEO has demonstrated potent antimicrobial and antioxidant properties, emerging research
suggests its potential anti-inflammatory benefits. This EO contains high levels of estragole renowned for
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its anti-inflammatory effects [55,56]. This natural molecule can inhibit inflammatory events, by down-
regulating nuclear factor kappa B, and MAPK pathways and up-regulating of Nrf-2/heme oxygenase (HO)-1
pathways [57].

Schepetkin et al. [58] reported that pretreatment with ADEO and its major compound farnesene
modulate inflammatory responses through blocking human neutrophil chemotaxis triggered by fMLF.
Moreover, recent investigation showed that ADEO exert important anti-inflammatory activity by reducing
the serum level of nuclear factor-kB-p65 (NfkB-p65) IL-1b, IL-18, and gasdermin D [59].

3.4 Antioxidant Activity
The results shown in the Table 4 represent the IC50 value of ADEO in different antioxidant activity

assays, compared with the positive controls, BHT and allopurinol. The 50% inhibitory concentration (IC50)
is a measure of antioxidant efficiency; the lower IC50 value represent the higher antioxidant action. The
antioxidant capacity of ADEO was moderate in the various tests performed, although generally less than that
of the positive controls tested. In the DPPH test, ADEO has an IC50 of 127.05 μg/mL, suggesting moderately
strong antioxidant activity, but significantly lower than that of BHT (IC50 = 57.18 μg/mL). the same pattern
was observed in the ABTS test, where ADEO had an IC50 of 89.60 μg/mL, which was again lower than that
of BHT (45.02 μg/mL). On the other hand, when tested for xanthine oxidase, ADEO showed an IC50 of
47.9 μg/mL, which indicates better inhibition of this enzyme than in the other antioxidant assays, although
this value is slightly higher than that of allopurinol (IC50 = 27.36 μg/mL), a reference inhibitor for this assay.
However, the antioxidant potency of ADEO was significantly less pronounced in the beta-carotene test, with
an IC50 of 231.63 μg/mL, compared to that of BHT (IC50 = 31.65 μg/mL), indicating a relatively low ability to
prevent lipid oxidation in this context.

Table 4: Antioxidant activity of ADEO

ADEO BHT Allopurinol
IC50 (μg/mL)

DPPH 127.05 ± 3.47a 57.18 ± 1.12b –
ABTS 89.60 ± 8.73a 45.02 ± 0.9b –

Xanthine oxidase 47.9 ± 2.04a – 27.36 ± 0.01b

Beta-carotene 231.63 ± 5.21a 31.65 ± 1.07b –

Note: BHT and allopurinol were used as positive controls. Records with the same letter in the same assessment show
non-significant differences by Tukey’s multiple range test (ANOVA, p < 0.05).

Previous research on the antioxidant activity of ADEO broadly confirms the present results, while high-
lighting interesting variations according to geographical origin and the assessment methods employed. In
study carried out by [33], the free radical scavenging activity of ADEO, assessed in vitro DPPH test, was found
to be relatively low (0.730 ± 0.213 μg/mL). Moreover, research conducted in Morocco by [27], explored the
anti-radical action of ADEO using the DPPH and ABTS tests. Their results, with IC50 of 84.44 ± 5.98 μg/mL
and 96.71 ± 1.52 μg/mL, respectively, are closer to the present observations, while remaining slightly lower.
In contrast, a study of Armenian ADEO showed a significant anti-DPPH radical, with an IC50 of 94.2 μg/mL.
This value, which is lower than the one we obtained, indicates a potentially higher antioxidant activity,
possibly due to environmental or genetic factors specific to this region (ref). Another study showed that
ADEO had a strong inhibitory effect on DPPH and ABTS radicals, with a remarkably low IC50 of 65.4 μg/mL
[44]. This value suggests a significant variability in the antioxidant efficacy of ADEO depending on its origin
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or method of preparation, and is significantly lower than the current results and those of the other studies
cited [32].

The beta-carotene bleaching assay, while useful for assessing antioxidant activity, has limitations in
fully capturing ADEO antioxidant profile. It primarily measures the ability to prevent lipid peroxidation,
but doesn’t account for all antioxidant mechanisms, such as radical scavenging or enzyme inhibition. The
assay is sensitive to experimental conditions and may not reflect the contributions of individual compounds
in ADEO. To obtain a more comprehensive assessment of ADEO’s antioxidant capacity, results from the
beta-carotene test should be combined with other research using cellular and/or in vivo models

4 Conclusion and Future Direction
A. dracunculus EO, with estragole as its major compound, displays important antibacterial, antioxidant,

and anti-inflammatory activities, highlighting its therapeutic potential. ADEO demonstrated potent antibac-
terial action, making it a promising candidate for combating bacterial infections. Its antioxidant ability,
evaluated through DPPH, ABTS, xanthine oxidase inhibition, and the beta-carotene bleaching assays, further
supports its role in neutralizing oxidative stress, which is crucial in preventing cellular damage and the
related diseases. In addition, ADEO inhibition of enzymes endorses its effective anti-inflammatory potential,
proposing a natural alternative for managing inflammation-related conditions.

Future research on ADEO should focus on several key areas to fully assess its therapeutic potential and
safety. Investigating its synergistic effects with other antimicrobial and antioxidant agents could enhance
its bioactivity and improve treatment outcomes. In vivo studies are essential to evaluate ADEO’s pharma-
cokinetics, bioavailability, and therapeutic efficacy, especially for chronic diseases linked to oxidative stress
and inflammation. Additionally, due to the high estragole content in ADEO, further investigation into its
toxicity, including genotoxicity and carcinogenicity, is crucial to determine safe usage levels. These studies
will provide a deeper understanding of ADEO’s clinical applicability and its safety profile, ensuring its
potential as a natural therapeutic agent. Furthermore, this investigation provides a strong foundation for
the continued exploration of ADEO as a natural, multifunctional bioactive agent in various therapeutic and
industrial applications.
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48. Ben Akacha B, Michalak M, Generalić Mekinić I, Kačániová M, Chaari M, Brini F, et al. Mixture design of α-
pinene, α-terpineol, and 1,8-cineole: a multiobjective response followed by chemometric approaches to optimize
the antibacterial effect against various bacteria and antioxidant activity. Food Sci Nutr. 2024;12(1):574–89. doi:10.
1002/fsn3.3780.

49. Bassolé IHN, Juliani HR. Essential oils in combination and their antimicrobial properties. Molecules.
2012;17(4):3989–4006. doi:10.3390/molecules17043989.

50. Chatterjee S. Oxidative stress, inflammation, and disease. Oxidative stress and biomaterials. Amsterdam, The
Netherlands: Elsevier; 2016. p. 35–58.

51. Ouadja B, Katawa G, Toudji GA, Layland L, Gbekley EH, Ritter M, et al. Anti-inflammatory, antibacte-
rial and antioxidant activities of Chenopodium ambrosioides L. (Chenopodiaceae) extracts. J Appl Biosci.
2021;162:16764–94. doi:10.35759/jabs.162.7.

52. Drikvandi P, Bahramikia S, Alirezaei M. Modulation of the antioxidant defense system in liver, kidney, and
pancreas tissues of alloxan-induced diabetic rats by camphor. J Food Biochem. 2020;44(12):e13527. doi:10.1111/jfbc.
13527.

53. Jaismy JP, Manju SL, Ethiraj KR, Elias G. Safer anti-inflammatory therapy through dual COX-2/5-LOX inhibitors:
a structure-based approach. Eur J Pharm Sci. 2018;121:356–81. doi:10.1016/j.ejps.2018.06.003.
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