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Abstract

Dysphania ambrosioides, commonly known as epazote, is a medicinal plant of great relevance
in traditional Latin American medicine. Its cultural roots and pharmacological properties
have made it an object of study for phytochemical research. An artificial intelligence (AI)
tool was utilized to assist in reviewing scientific information regarding D. ambrosioides.
An initial search was conducted in the Scopus database using the keywords epazote,
D. ambrosioides, anti-helminthic, antioxidant, and antimicrobial, which yielded a total of
814 publications. To select the most relevant articles, this Al tool based on natural language
processing (available online and free of charge) was applied, which analyzed the keywords
that appeared in the titles and abstracts of the works and clustered them, leading to
a reduction of 86.73% in the number of studies. D. ambrosioides stands out for its rich
composition of bioactive compounds, which give the plant a wide range of therapeutic
properties, including antiparasitic activity, through which it is effective against several
parasites, such as helminths and protozoa, due to its schistosomicidal, nematocidal and
antimalarial action. Additionally, it has shown antimicrobial, antioxidant, and anticancer
properties as it contains compounds that help fight cell damage caused by free radicals.
Epazote represents a rich source of compounds with a wide therapeutic range. However,
much research is required to understand the mechanisms of action of these compounds
and to evaluate their safety and efficacy in clinical trials.

Keywords: Dysphania ambrosioides; epazote; medicinal plants; bioactive compounds;
pharmacological activity; phytotherapy; Chenopodium ambrosioides

1. Introduction

The Dysphania ambrosioides (L.) Mosyakin & Clemants, otherwise known as Jesuit’s tea,
Mexican tea, payqu (paico), epazote, mastruz, or herba sanctee Mariee (Arabic: M’khinza,
French: anserine vermifuge) [1], is a wild species from tropical America, naturalized in
North America, Africa, Europe, Australia, and Asian countries [2]. It is an herbaceous plant
of the genus Dysphania, belonging to the family Amaranthaceae [3].
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This plant (Figure 1) reaches up to 1 m in height, and it shows annual or perennial
growth. It features stems that may be single or branched, and its leaves grow in an
alternating pattern along the stem [4]. These leaves ranged from narrowly elliptic to elliptic
and are green, oblong-lanceolate with the smallest leaves located at the top of the plant,
directly attached to the stem (sessile), while the largest leaves are found at the base of the
plant and have short petioles (leaf stalks). The flowers are small and green with dense
terminal panicles of glomeruli, with five sepals. The plant is known for its strong and
distinctive aroma. Its fruits and seeds are black and horizontal and are enclosed in a

persistent calyx that is usually less than 0.8 mm long [5,6].
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Figure 1. Different parts of the plant Dysphania ambrosioides.

The World Health Organization (WHO) reported that D. ambrosioides is among the
most widely used medicinal plants around the world [1]. In Latin America, this plant
is used in folk medicine because it has anti-helminthic, vermifuge, antispasmodic, and
antipyretic activity. Additionally, it is used in the treatment of dental and digestive ailments,
as well as in skin disorders, including dermal wounds and eczema [7-9]. In addition, the
decoction, infusion, and maceration of leaves, stems, and branches were used in the
treatment of respiratory disorders, cough, expectorant, and musculoskeletal injury [10]. In
the Dominican Republic, the epazote is a shrubby plant that grows in the yard sporadically
and has been used for the treatment of intestinal worms for centuries. In addition, this
plant and its extracts have demonstrated several interesting biological activities such as
antifungal, antioxidant, antibacterial, insecticide, and anti-helminthic effects (Figure 2).
Other biological activities include anti-inflammatory activity, inhibiting cell proliferation,
suppressing tumor growth, preventing cancer development, and inducing programmed
cell death [11,12].

The use of plants for the treatment of diseases is nearly as ancient as the human
species itself. They produce a diverse array of secondary metabolites, including vitamins,
tannins, polyphenols, alkaloids, terpenoids, and flavonoids, among others [13], which
exhibit useful biological activities such as antimicrobial, antiparasitic, and antioxidant
activities. However, it is essential to conduct a phytochemical characterization to identify
the biological activity of each active compound, as this will elucidate their respective
advantages and disadvantages. On the other hand, there is an increasing interest in
developing natural and environmentally friendly derived alternatives for the control of
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insect pests, bacteria, parasites, and fungi [14]. So, plant derivatives represent a potential
alternative in this context, being currently at the forefront of novel and promising drug
development [15].

Dysphania ambrosioides
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Figure 2. Biological activities of Dysphania ambrosioides.

Scientists often face the challenge of conducting literature reviews on topics that
encompass hundreds or even thousands of articles. In these cases, the time and effort
required to conduct it correctly can be overwhelming. Additionally, the process can often
be influenced by the authors’ backgrounds and knowledge, which can introduce selection
bias and result in varying versions of the state of the art depending on the individual
researchers. Trying to address this issue more efficiently and objectively, this study applies
an easily accessible technological tool (available for free) based on artificial intelligence (AI)
and natural language processing (NLP), which has been successfully applied in several
literature review processes on topics related to food science [16] and biological activity [17].
This tool enables users to compare and analyze the state of the art in a more structured and
objective manner, leading to a more reliable review process.
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This review aims to summarize the current knowledge on the use of the Dysphania am-
brosioides plant, highlighting its chemical composition, antibacterial, antifungal, antioxidant,
antiparasitic, and insecticidal activity, as well as its potential applications. For the selec-
tion of the relevant information to be deeply studied and analyzed, an Al-based program
was used.

2. Methodology
2.1. Bibliographic Search Conditions

This review was based on a bibliographic search using the SCOPUS and Web of Sci-
ence databases that offers a comprehensive overview of global interdisciplinary scientific
information, covering the areas of science, technology, and medicine (among others) in
which the specific topic under study is framed. From this search, information about the
titles of the papers, year of publication, abstract, and keywords was obtained. For this basic
search, the following search conditions were selected: “epazote”, “Dysphania”, “ambro-
sioides”, and “Mexican Tea as the search topic; “review” and “article” as the document
type; and “from 2015 to 2024” as the limit period for the search. No other filter or search
restriction was applied. From this basic search, a file with 814 documents was obtained.
From these documents, the search provided information on the titles of the articles, their
year of publication, their abstracts, and keywords. This huge amount of information would
require a highly time-consuming process to select a reasonable number of relevant papers
to review in depth and obtain the required information about the aim of this review. To
avoid that, it was decided to apply a new Al tool based on the NLP [16,17].

2.2. Selection Process of Relevant Papers Assisted by the Al Tool

This new Al tool has been specifically developed to assist in this process of selecting
relevant information. The Jupiter notebook on Google Colab in this tool is freely available
(Table S1) and has already been successfully applied with the same objective for a biology-
related topic [17] and a food-related topic [16]. This new tool automatically assesses and
categorizes all the documents by examining the content of their titles and abstracts, thus
enabling the clustering of such a huge amount of bibliographic information [18]. Briefly,
the operation of such an algorithm includes the steps described below.

2.2.1. Preprocessing of Search Data

The data from the Scopus and Web of Science files required preprocessing before
analysis to convert unstructured text data into normalized and structured data using the
Python (version 3.12 for windows) Natural Language Toolkit library, which involved
3 steps: noise removal, normalization, and tokenization. After that, exploratory analysis
tools were used to aggregate and visualize the text data associated with the 814 contribu-
tions obtained from the initial search (which lasted a total of 200 s), providing a bar plot and
word cloud as a visual representation of the most frequently occurring words (75 words)
in the abstracts used (Figure 3), which was very useful for selecting the most relevant
articles. These graphical representations allowed for an understanding of the data to verify
the preprocessing stage, ensuring that the analysis was on the right track, or alternatively,
determining whether further preprocessing would be necessary before training the model.
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Figure 3. Word cloud of the 75 most common words from the 814 papers about Dysphania ambrosioides
and the corresponding frequency bar chart.

2.2.2. Text Clustering and Cluster Analyses

For text clustering, the tool uses the k-means algorithm, a simple and popular un-
supervised clustering algorithm [19], in order to find groups of similar abstracts in the
initial search file. This algorithm measures the distance between points (in this case, the
abstracts of articles) and groups those that are close together, signifying their similarity. An
effective cluster is characterized by having smaller distances between its points compared
to the distances between points in separate clusters. Determining the optimal number of
clusters is essential for organizing the information. To achieve this, two primary methods
were employed: the elbow method and the average silhouette method [18-20]. In addition,
this tool offers insightful details about the resulting clusters, including their relationships,
proximity, temporal distribution, and other relevant aspects, the analysis of which allowed
us to evaluate the resulting categorization or clustering and select the clusters that were
considered to best represent the initial objective of the proposed review. This process can
be repeated as many times as necessary to obtain a reasonable number of articles that will
then be subjected to the traditional review process.

3. Selection of the Relevant Papers Assisted by the Al Tool

The optimal number of clusters obtained in the first analysis was 19 (numbered from 0
to 18). In this case, for the 19 clusters obtained, the information provided was the number
of papers associated with each cluster (Figure S1); the corresponding word clouds (Figure
52) and figure bars (Figure S3) of the top words of each cluster; the results of the principal
component analysis showing the relationship among the 19 clusters (Figure 54); and the
distribution of the 19 clusters over the time (Figure S5).

From the analysis of all this information, clusters 0 (17 papers), 1 (79 papers),
3 (40 papers), 6 (60 papers), 7 (42 papers), 10 (68 papers), and 15 (96 papers) were se-
lected as the most relevant for the study, mainly based on the analysis of the top words
(Figures S2 and S3). In all of them, the words “extract”, “

v
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plant”, “activity”, “nematode”,

/i 1// “

“infection”, “insecticide”, essential”, or “compound” appeared as top words. By

”oa v

infusion”, “volatiles”,

v

contrast, clusters in which words such as “seed”, “germination”,

s

“medicine”, “family”, “food”, “soil”, “tolerance”, “nanoparticles”, “metal”, “toxicity”,

“leishmaniosis” or “temperature” appeared as top words were not selected because they
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were not related to the aim of the present work. So, a total of 402 papers were included in
the selected clusters, representing a reduction of 51% compared to the number of papers
resulting from the initial search (814 papers). Nevertheless, it was still an unmanageable
number of articles, so the initial process was repeated on these 402 papers (Table S1; second
round). In this case, 19 subclusters were again obtained (also providing the same infor-
mation as in the first round) (Table S1). In this second round, and from the analysis of
these 19 subclusters, 3 of them were selected as relevant: subcluster 4 (71 papers included),
subcluster 6 (76 papers included), and subcluster 14 (36 papers included). So, in this second
round, a total of 179 documents were selected as relevant, indicating a total reduction of
78% compared to the initial search (814 papers). The word cloud of the top words included
in each of these three subclusters is shown in Figure 2. It can be observed that the top

VaTs

words in these subclusters are “antimicrobial”, “antibacterial”, “antioxidant”, “insecticide”,

/s v 1!/ “ o
7

“nematode”, “activity”, “contro extract”, “essential”, “oil”, “plant”, and “ambrosioides”,
all of them highly related with the aim of this review. The number of papers included
in these three subclusters (179) was considered feasible and allowed us to proceed with
a traditional review, consisting of reading each paper in depth and extracting the most
relevant results.

In the process of downloading documents, 32 documents were eliminated because
they were repeated or they were not available as a publication in line and it was not able
to obtain the full text. Therefore, the final number of papers that were downloaded and
analyzed was 147. Of these, 23 papers were still discarded because they did not provide
useful information for this study, so the final papers number included in this review

was 124.

4. Traditional Review of the Selected Papers
4.1. Chemical Composition of Dysphania ambrosioides

The essential oils obtained from the different parts (leaves, stems, roots, and flowers)
of D. ambrosioides, a species extensively used in traditional medicine in Costa Rica, were
extensively analyzed, using several methodologies, including gas chromatography—-mass
spectrometry, gas chromatography-mass spectrometry tandem, and gas chromatography
FID. The main components of essential oil obtained from this plant can be classified as
monoterpenes and sesquiterpenes (as hydrocarbons, alcohols, ketones, etc., which may
be acyclic, monocyclic, bicyclics, or tricyclics) [21]. In the same way, it is also possible
to obtain ethanolic or methanolic extracts with a high content of bioactive compounds,
mainly phenolic acids and flavonoids [6]. In the scientific literature, there were several
studies where the chemical composition of D. ambrosioides essential oil had been determined,
as shown in Table 1 [22-46]. Nevertheless, it should be noted that the composition and
concentration of compounds depend on several factors, such as the part of the plant
used, the methodology used to obtain the extracts, the environmental conditions, and
the harvest period, as well as genetic factors [47]. In this sense, Fdil et al. [48] identified
p-cymene (41.7%), a-terpinene (34.8%), and ascaridole (10.8%) as major constituents of
the essential oil obtained from leaves of D. ambrosioides collected in Morocco. Fatokun
et al. [5] reported that the essential oil extracted from fresh leaves of D. ambrosioides by
hydrodistillation had a total of twenty compounds with y-terpinene (48.68%), o-cymene
(21.71%), trans-f-terpinyl butanoate (17.15%), and ascaridole (5.67%), which were the
major compounds identified. Kandsi et al. [32] determined the composition of essential oils
obtained by hydrodistillation of the aerial components of D. ambrosioides growing in Eastern
Morocco. These authors reported the most abundant compounds in essential oil are (+)-4-
carene (50.5%), a-cyclogeraniol acetate (22.64%), and (1R,2R,3R,5S)-(—)-isopinocampheol
(18.87%), respectively.
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Table 1. Chemical composition of essential oils obtained from different parts of Dysphania ambrosioides.

Concentration

Extracts Part of the Plant Compound (%) References
o
Ascaridole-glycol 10.58
Essential oil Leaves Linalool acetate 11.26 [22]
Dihydrocitronellol acetate 19.53
a-Terpinene 30.50
S p-Cymene 17.30
Essential oil Leaves Carvacrol 16.20 [23]
Ascaridole 15.10
Cis-Piperitone oxide 30.30
Essential oil Leaves Trans-Isoascaridole 18.20 [24]
p-Cymene 13.20
3-Cymene 4710
Essential oil Leaves 5-Isopropyl-6-methyl-hepta-3,5- ' [25]
: 19.20
dien-2-ol
Leaves and a-Terpinene 59.7
Essential oil Stems p-Cymene 22.8 [26]
Trans-Chrysanthenyl acetate 13.8
L Ascaridole 49.77
Essential oil Leaves p-Cymene 4230 [27]
Ascaridole 15.13
Essential oil Leaves a-Terpinene 54.09 [28]
Ascaridole epoxide 9.77
L Ascaridole 35.50
Essential oil Leaves p-Cymene 4790 [7]
a-Terpinene 53.4
Essential oil Aerial Parts Ascaridole 17.7 [46]
p-Cymene 121
p-Cymene 31.72
Essential oil Aerial Parts 4-Carene 27.34 [30]
x-Cyclogeraniol acetate 16.90
S . a-Terpinene 72.5
Essential oil Aerial Parts p-Cymene 206 [31]
4-Carene 50.50
Essential oil Aerial Parts a-Cyclogeraniol acetate 22.64 [32]
Trans-B-Terpinyl butanoate 31.13
S 5-3-Carene 61.51
Essential oil Leaves p-Cymene 14.67 [33]
Ascaridole 31.20
Essential oil Aerial Parts Trans-Ascaridole glycol 5.60 [34]
p-Cymene 36.30
Isoascaridole 15.30
Essential oil Aerial Parts a-Terpinene 15.20 [35]
2,3-Dehydro-1,4-cineole 55.00
Isoascaridole 6.33
Essential oil Aerial Parts Trans-Ascaridole glycol 10.07 [36]
p-Cymene 22.40




Plants 2025, 14, 1903 8 of 25

Table 1. Cont.

Concentration

Extracts Part of the Plant Compound (%) References
o
0-Cymene 39.20
Essential oil Aerial Parts a-Terpinene 36.80 [19]
Nona-3,5-dien-2-ol 10.00
p-Cymene 19.30
Essential oil Aerial Parts o-Terpinene 13.20 [37]
cis-Ascaridole 38.10
(Z)-Ascaridole 87
Essential oil Aerial Parts (E)-Ascaridole 5.04 [38]
p-Cymene 4.83
a-Terpinene 23.77
Essential oil Aerial Parts Ascaridole 14.48 [39]
p-Cymene 12.22
Lo . p-Cymene 14.70
Essential oil Aerial Parts 5-3-Carene 61.50 [40]
Ascaridole 16.30
Essential oil Aerial Parts Isoascaridole 51.00 [41]
p-Cymene 6.70
L . 0-Cymene 41.46
Essential oil Aerial Parts (+)-4-Carene 56.59 [14]
L . Ascaridole 60.33
Essential oil Aerial Parts m-Cymene 2917 [42]
S p-Cymene 49.60
Essential oil Whole Plant o-Terpinene 26.81 [43]
Ascaridole 87.30
Essential oil Whole Plant Isoascaridole 8.40 [44]
p-Cymene 3.30
o-Terpinene 37.17
Essential oil Aerial Parts Isoascaridole 20.48 [45]
Ascaridole 14.83

Hsu et al. [23] analyzed the oil obtained from the leaves of D. ambrosioides cultivated
in Taiwan, and it was found to consist of x-terpinene (30.5%), p-cymene (17.3%), carvacrol
(16.2%), and ascaridole (15.1%). In a similar study, Maldaner et al. [22] carried out a study
to analyze the chemical composition of essential oil obtained by hydrodistillation of young
leaves of D. ambrosides from the Amazon region in Brazil. These authors reported that the
main components were oxygenated monoterpenes such as ascaridole, ascaridole glycol,
linalool acetate, and dihydrocitronellol acetate, with values of 5.75, 10.58, 11.26, and 19.53%.
Similarly, Ez-Zriouli et al. [29] reported that the essential oils obtained from aerial parts of
D. ambrosioides cultivated in the Region of Safi in Morocco were very rich in monoterpene
peroxides and monoterpenes, including «-terpinene (53.4%), ascaridole (17.7%), and p-
cymene (12.1%). In the same way, Azghar et al. [30] studied the composition of essential
oils obtained by hydrodistillation of the aerial part of D. ambrosioides collected in the Region
of Eastern Morocco, and they reported that p-cymene (31.72%), 4-carene (27.34%), and
a-cyclogeraniol acetate (16.90%) were the main components.

As mentioned above, the ethanolic or methanolic extracts obtained from several
parts of the plant have also been analyzed to determine the polyphenolic profile. There-
fore, the analysis by HPLC-DAD revealed the presence of rutin in the crude extract
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(12.5 mg/g), ethyl acetate (16.5 mg/g), and n-butanol (8.85 mg/g), whereas quercetin
and chrysin were quantified in chloroform fraction (1.95 and 1.04 mg/g), respectively [49].
Kandsi et al. [1] carried out research to analyze the polyphenolic profile of D. ambro-
sioides flower hydroethanolic extract. These authors reported that the hydroethanolic
extract contains mainly syringic acid, quercetin, hesperetin, and luteolin. In a similar
study, Li et al. [50] analyzed the polyphenolic profile of ethanolic extract obtained from
the aerial part of D. ambrosioides using an ultrasonic-assisted extractor. They found that
the main components were kaempferitin, kaempferol-3-O-apigenin-7-O-rhamnoside, and
kaempferol-3-O-acetylapigenin-7-O-rhamnoside, with a concentration of 33.5, 60.77 and
5.73%, respectively. More recently, Figueroa-Merma et al. [51] analyzed the polyphenolic
profile of an extract obtained from aerial parts of D. ambrosioides plants grown in Lima. They
found that the main components were Kaempferol rhamnosyl-dipentoside and Kaempferol
dirhamnoside-hexoside, with values of 160.00 and 155.59 mg/100 g dry weight. Another
group of bioactive compounds present in the extracts obtained from aerial parts of D.
ambrosioides is alkaloids, which are found in high concentrations in this plant, as reported
by various authors [49,52]. In this sense, Shah et al. [53] stated that D. ambrosioides is
rich in 1-Piperoylpiperidine. Another study carried out by Kandsi et al. [52] revealed
that the hydroethanolic extracts obtained from the flowers of D. ambrosioides are a rich
source of alkaloids, such as trisphaeridine, galanthamine, crinine, demethylmaritidine,
anhydrolycorine, nor-galanthamine, N-formylnorgalanthamine, peramine, and ergovaline.
Figueroa-Merma [51] reported that «-, 3-, y- and 8-tocopherols were found in amounts of
28.78,7.19,7.96, and 3.27 ug/g in extracts obtained from leaves of D. ambrosioides culti-
vated in Peru. Previously, Shah and Kanh [53] mentioned that the main phytosterols found
in methanolic extracts of D. ambrosioides were stigmasterol and [3-sitosterol. Coumarins
were also present in the extracts obtained from the aerial part of D. ambrosioides; thus,
Ghareeb et al. [54] reported the presence of 1,2-benzopyrone in the extracts obtained from
the leaves of D. ambrosioides, while Shah and Khan [53] found that scopoletin is present in
methanolic extracts obtained from leaves.

4.2. Antimicrobial Properties of Dysphania ambrosioides

The extracts and essential oils obtained from several parts of Dysphania ambrosioides have
been shown to exhibit antimicrobial activities against various microorganisms, including
bacteria, yeasts, and fungi, as shown in Table 2 [41,49,55-60]. These activities make them
potential natural preservatives for food and pharmaceutical products, as well as agents for
the treatment of microbial infections [29]. In reference to essential oils, De Andrade Santiago
et al. [61] assessed the antibacterial properties of essential oil extracted from leaves of D.
ambrosioides, whose principal components were o-terpinene and r-cymene, against several
bacteria strains, including Staphylococcus aureus, Listeria monocytogenes, Escherichia coli and
Salmonella cholerasuis. These authors reported minimum inhibitory concentration (MIC) values
of 62.5, 250, 125, and 125 ug/mL, respectively. Almeida Bezerra et al. [28] reported that the
essential oils that had a high content of «-terpinene and ascaridole, obtained from leaves of
D. ambrosioides cultivated in Brazil, demonstrated significant MIC values against S. aureus
(256 ug/mL), moderate values against Pseudomonas aeruginosa (512 ug/mL) and low values
against E. coli (1024 pg/mL). Kandsi et al. [32] carried out a study to analyze the antibacterial
activity against E. coli, S. aureus, and Enterococcus faecalis of essential oil obtained from the stem
and flowers of D. ambrosioides cultivated in Morocco. These authors reported that the MIC
values of essential oil obtained from the stem were 18, 18, and >110 pug/mL for E. coli, S. aureus,
and E. faecalis, respectively, while for the essential oil obtained for the flowers, the MIC values
were 6,12, and 105 ug/mL for E. coli, S. aureus, and E. faecalis, respectively. This antibacterial
activity could be due to the high content of 4-carene and x-cyclogeraniol acetate present in
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essential oil. In a similar study, Azghar et al. [30] studied the effect of essential oil (rich in
p-cymene and 4-carene) obtained from the aerial part of D. ambrosioides on multidrug-resistant
E. coli, Acinetobacter baumannii, P. aeruginosa, and methicillin-resistant S. aureus, reporting MIC
values of 150,120, 140 and 230 ug/mL, respectively.

Table 2. Antibacterial properties of essential oils and extracts obtained from different parts of
Dysphania ambrosioides.

Main

Extracts Part of the Plant Microorganism MIC (ug/mL) Ref.
Compound
Escherichia coli
Staphylococcus 10
1 0-Cymene aureus 10
Essential oil Leaves a-Terpinene Pseudomonas 20 [5]
aeruginosa 20
Bacillus subtilis
4-Carene E. coli 6
Essential oil Aerial Parts Trans-pB-Terpinyl S. aureus 12 [32]
butanoate Enterococcus faecalis 18
L S. aureus 10
Essential oil Leaves -Cymene P. aeruginosa 10 [25]
o . 0-Cymene E. coli 7.8
Essential oil Aerial Parts o-Terpinene B. subtilis 39 [37]
aTerpinene E. coli 1024
Essential oil Leaves P S. aureus 256 [28]
Ascaridole .
P. aeruginosa 512
E. coli 310
o-Terpinene S- aureus 1250
Essential oil Aerial Parts . P. aeruginosa [40]
Ascaridole Klebsielln 10,000
. 20,000
pneumoniae
Essential oil Aerial Parts 8-3-Carene Microcystis 3120 [41]
p-Cymene aeruginosa
Cymene E. coli 90
Essential oil Aerial Parts Py S. aureus 120 [30]
4-Carene .
P. aeruginosa 120
Essential oil Leaves No Determined S. aureus 1024 [55]
Essential oil Leaves o-Terpinene S. aureus 1024 [56]
L. . cis-Ascaridole P. aeruginosa 19
Essential oil Aerial Parts m-Cymene Bacillus subtilis 19 [43]
Ethanolic extract Stem Rutm. B. subtilis 11.1 [12]
Quercetin
. . E. coli 25,000
Ethanolic extract Leaves No determined S, aureus 25,000 [57]
Ethanolic extract Leaves No determined Clost‘rz'dz'ozdes 3900 [58]
difficile
Quercetin S. aureus 4290
Chloroform extract Leaves Chrysin Enterococcus faecalis 4290 [49]
. . . E. coli 1094
Ethanolic extract Aeria Parts No determined E. faecalis 4375 [59]
Ethanolic S E{;:f;;s g
and methanolic Aeria Parts No determined ' . [60]
P. aeruginosa 43
extracts e
B. subtilis 9

MIC: minimum inhibitory concentration.



Plants 2025, 14, 1903

11 of 25

The extracts (ethanolic, methanolic, aqueous, and n-hexane) obtained from the differ-
ent parts of the D. ambrosioides plant also have demonstrated antibacterial activity against
several Gram+ and Gram— strains. In this context, Knauth et al. [59] reported that the
methanolic extract from the fruit of D. ambrosioides cultivated in Mexico, rich in flavonoids,
inhibited the bacterium Enterococcus faecalis, E. coli, and Salmonella typhimurium, with MIC
values of 4375, 1094, and 137 pug/mL, respectively. More recently, Ouadja et al. [62] analyzed
the antibacterial activity of the ethanolic extract from the leaves of D. ambrosioides cultivated
in Togo, with a high content of phytol. They reported MIC values of 500 mg/mL against
S. aureus, P. aeruginosa, and Citrobacter freundii. Similarly, Bano et al. [63] reported that the
n-hexane extracts (100 ng/disc) obtained from D. ambrosioides seeds cultivated in Pakistan
had high antibacterial activity against Klebsiella pneumonia, Micrococcus luteus, and S. aureus,
with inhibition halos of 14, 13, and 9 mm, respectively. This activity probably could be
due to the high content of quercetin and kaempferol found in the extracts. Martinez-Alva
et al. [58] reported the use of leaf extracts from D. ambrosioides cultivated in Mexico City,
rich in alkaloids, which showed antibacterial activity against Clostridioides difficile, with a
MIC value of 3900 pg/mL. The antibacterial activity of Dysphania extract and essential oil
makes it a promising natural alternative to synthetic bactericides. The oil could be used as
a disinfectant in healthcare settings, reducing the risk of hospital-acquired infections [55].
It could also be used in food preservation, extending the shelf life of perishable products
and reducing the risk of foodborne illnesses [59]. Additionally, the extracts could be used
in pharmaceutical applications, such as in the development of novel antibacterial agents.
The antibacterial activity of Dysphania is attributed to the synergistic effects among several
compounds. Terpenes, such as x-terpinene and o-cymene, are known to disrupt the bacte-
rial cell membrane, leading to leakage of cellular contents and ultimately, cell death [64].
In addition, as mentioned by Musa et al. [65] and Singh and Pandey [2], the bioactive
compounds present in D. ambrosioides are mainly hydrophobic, which allows them to enter
the bacterial cell membrane and mitochondria, disrupt the cellular structure, and produce
the death of bacteria. In addition to antibacterial activity, extracts or essential oils obtained
from D. ambrosioides have also been shown to possess significant antifungal activity. There-
fore, in the scientific literature, it is possible to find several studies where the antifungal
activity of D. ambrosioides extracts or essential oil has been determined. Stappen et al. [34]
assessed the antifungal activity of the essential oil obtained from leaves and inflorescence
of D. ambrosioides cultivated in western Himalaya against Colletotrichum gloeosporioides,
Colletotrichum acutatum, and Colletotrichum fragariae. They found that the inhibition zones of
fungal growth were between 6.5 and 8.0 mm when concentrations of 80 pg/spot were used,
and inhibition zones of 11.0 to 14.5 mm were observed for concentrations of 160 pg/spot.
Mokni et al. [43] evaluated the antifungal activity of the essential oil obtained from fresh
leaves of D. ambrosioides collected in northwestern Tunisia. These authors informed that
this essential oil showed antifungal activity against the pathogenic strain Candida albicans
yeast, with MIC values equal to 39 ng/mL. In a similar study, Almeida Bezerra et al. [28]
evaluated the cellular viability of different strains of C. albicans and Candida tropicalis when
exposed to essential oil obtained from the leaves of D. ambrosioides cultivated in Brazil.
It is possible to notice that, for C. albicans LM77, the essential oil had an ICsy value of
19.3 ug/mL, while for C. albicans INCQS 40006, the ICsq value was 25.2 pg/mL. Regarding
the cellular viability of C. tropicalis LM 23, the essential oil showed antifungal activity, with
an ICsg of 101.9 pg/mL and an ICsq of 15.8 pug/mL for the C. tropicalis INCQS 40042 strains.
Zefzoufi et al. [21] found that the essential oil obtained from leaves at pg/mL inhibited the
growth of Pseudomonas syringae pv. syringae, P. syringae pv. tabaci, and Erwinya amylovora.
More recently, Hsu et al. [23] carried out a study to analyze the antifungal activity against
wood decay fungi of essential oils obtained from fresh leaves of D. ambrosioides cultivated
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in Taiwan. They reported a complete inhibition of the fungal Phaeolus schweinitzii and
Lenzites sulphureus, with a concentration of essential oil of 50 pg/mL, while for Phaneochaete
chrysosporium, the concentration required was 100 pg/mL. Finally, for Trametes versicolor,
200 pg/mL of essential oil was necessary for inhibition. In reference to the MIC values, these
authors reported values of 0.10, 0.10, 0.10, and 0.05 mg/mL for T. versicolor, P. schweinitzii,
P. chrysosporium, and L. sulphureus, respectively.

The antifungal properties of extracts obtained from D. ambrosioides have also been
determined. In this sense, Bano et al. [63] reported that chloroform and acetone-methanol D.
ambrosioides seed extracts had great activity against Fusarium solani and Aspergillus fumigatus,
with inhibition zones of 17 and 12 mm, respectively. These authors reported MIC values
of 100 pg/disc against Aspergillus niger, A. fumigatus, Aspergillus flavus, Fusarium solani,
and Mucor spp. Similarly, Gishen et al. [57] conducted a study to analyze the antifungal
activity against C. albica of ethanolic extracts obtained from fresh leaves of D. ambrosioides
cultivated in Ethiopia. They found that the analyzed extract showed a minimum inhibition
zone concentration of 1 g/mL. The high antifungal activity of D. ambrosioides might be due
to the essential oil and extracts having a high amount of ascaridole in their composition.
This is a bicyclic monoterpene with a rather unusual bridging peroxide functional group
and has long been the only known natural peroxide [34]. Moreover, besides the main
ingredients, minority components can also play an important role in the antifungal activity
of extracts. Multiple botanical chemicals and essential oils present in plants may exert
synergistic or antagonistic effects [63]. Phenolic compounds might be responsible for
antifungal activity. From our perspective, and based on the results reported in the analyzed
papers, D. ambrosioides essential oil is not the most effective plant-derived essential oil for
controlling bacteria and fungi. However, it is a viable alternative for extending the shelf
life of various foods, due to its ability to reduce microorganism growth. It should be noted
that its activity is reduced when applied to several matrices. On the other hand, given its
properties, we believe its use would be valuable in barrier technology for food preservation.

4.3. Antioxidant Properties of Dysphania ambrosioides

Dysphania ambrosioides extracts and essential oils have been found to possess antioxi-
dant and anti-inflammatory properties, which can help protect against oxidative stress and
inflammation-related diseases. These activities make them potential natural remedies for
the prevention and treatment of chronic diseases such as cancer, cardiovascular disease,
and neurodegenerative disorders [7,66].

There exists a marked interest in natural antioxidants, particularly in compounds such
as flavonoids and other polyphenols, including tannins, abundantly present in plants like
D. ambrosioides. In the scientific literature, it was possible to find several studies where
the antioxidant activity of D. ambrosioides extracts or essential oil obtained from different
parts of the plant, including the aerial part, flowers, seeds, stems, and leaves, had been
determined, as shown in Table 3 [60,63,66—69].

Table 3. Antioxidant properties of essential oils and extracts obtained from different parts of Dysphania
ambrosioides.

Part of the Plant

Extracts Used Main Component Methodology Quantity Reference
Ethyl Acetate . . FRAP 12.90 mg/mL
exctract Aerial Part No determined ABTS 456 mg /mL [66]
Adqueous 16-methyl- FIC ICs0 20.98 mg/mL
e?( tract Leaves heptadecane-1,2-diol FRAP 6419 mg/AAE g [11]

Phytol DPPH ICs59 1.39 mg/mL
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Table 3. Cont.
Extracts Part O{J:};Z Plant Main Component Methodology Quantity Reference
. DPPH ICs50 110.7 pg/mL
M:(};‘;‘C‘;hc Seeds Rutin ABTS 110.6 ug AAE/mg [63]
FRAP 94.30 ug AAE/mg
Aqueous . . ABTS 825mMTE/g
extract Fruits No determined FIC 78% quelation (601
n-Butanol Caffeic acid
ethyl acetate Leaves Coumarin DPPH 12?50126.948812?/;;]1 [54]
extracts Kaempferol 50 7> &
Methanolic extract Leaves Rutin DPPH 1Cs0 130.7 ug/mL [12]
Quercetin 50 I HE
. . FRAP 0.141 uYM TE/g
Methanolic extract Leaves No determined ABTS 0.224 mg AAE/g [67]
DPPH
. Syringic acid f3- 1Cs50 166.47 pg/mL
Hydzzf::?:‘ olic Flowers Quercetin Carotene/linoleic ICs59 57.04 pg/mL [1]
Kaempferol acid 1Cs0 231.05 pg/mL
FRAP
ICs50 80.6 ug TE
. . DPPH /mL
Aqueous extract Aerial Part No determined ORAC ICs 687.3 ug [68]
TE/mL
1 . x-Terpinene .
Essential oil Aerial Part Ascaridole DPPH 30.182mg TE/g oil [29]
DPPH 1.59 mg AAE/g
Essential oil Leaves No determined FRAP 8.36 mg AAE/g [59]
ABTS 211 mg AAE/g
Stems oc—CA;-c(lj(?;rrl:niol FRAP 1C50 309.45 ug/mL
Essential oil Acetate ABTS ICs9 147.99 pg/mL [32]
trans-3- DPPH
. - ICs9 158.15 pg/mL
Flower TerpinylButanoate Carotene/linoleic  ICs 266.25 ng/mL
4-Carene .
acid
1 a-Terpinene
Essential oil Leaves Ascaridole DPPH ICs50 1024 pg/mL [28]
DPPH
a-Terpinene ) ICsp 4.00 mg/mL
Essential oil Aerial Part Ascalsi dole Carotene/linoleic ICs0 3.03 ug/mL [40]
acid ICs9 6.02 pg/mL
FRAP
Essential oil Leaves o-Terpinene DPPH ICs 1.74 mg/mL [69]

x-Terpinenyl Acetate

FRAP: ferric reducing power assay; ABTS: (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)) method;
DPPH: 2,2-diphenyl-1-picrylhydrazyl assay; FIC: ferrous ion chelating assay; TE: Trolox equivalent. ICs: its
ability to eliminate 50% of free radicals; AAE: ascorbic acid equivalents.

De Andrade Santiago et al. [61] assessed the antioxidant capacity of essential oil

extracted from leaves of D. ambrosioides, whose principal components were x-terpinene

and r-cymene, using two different methodologies such as the 3-carotene-linoleic acid and

DPPH assays. These authors reported an ICsj value in the (3-carotene-linoleic acid test of
455.7 pg/mL, while for the DPPH assay, 500 ug/mL resulted in the inhibition of radi-
cal DPPH by 15.79%. Villalobos-Delgado et al. [70] studied the antioxidant activity of
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ethanolic extract (1 g/20 mL) obtained from leaves of D. ambrosioides cultivated in Mex-
ico and reported the inhibition of the radical measured with the DPPH assay by 16.65%.
This antioxidant activity could be due to the high content of quercetin and kaempferol
o-thamnosyl-pentoside present in the extract. Ogunleye et al. [11] conducted a study to an-
alyze the antioxidant properties of extracts obtained from the aerial parts of D. ambrosioides
cultivated in Nigeria, which showed a high concentration of 16-methyl-heptadecane-1,2-
diol and phytol. The antioxidant assays revealed that D. ambrosioides leaf extracts possess
antioxidant properties, with hexane fraction exhibiting the highest scavenging activities
for DPPH, with an ICsg value of 0.02 mg/mL, while in the FRAP assay, the value obtained
was 730.92 mg ascorbic acid equivalent/g. Ouadja et al. [62] determined the antioxidant
capacity of hydroethanolic extract, with a high content of phytol obtained from the leaves
of D. ambrosioides cultivated in Togo using three different methodologies, namely FRAP
and ABTS assays. They reported antioxidant activity values of 32.48 and 45.33 pg ascorbic
acid equivalent/mg for samples subjected to the FRAP and ABTS assays, respectively. In
this sense, Pandiangan et al. [71] analyzed the antioxidant activity (DPPH assay) of water
and acetone extracts obtained from the leaves of D. ambrosioides cultivated in Indonesia.
They reported that the ICsg value of the acetone extract of D. ambrosioides was 9.7 ug/mL,
while the ICsy value of the water extract was 1.32 pg/mL. Tchani et al. [72] analyzed the
antioxidant activity of ethanolic and aqueous extracts, which showed a high concentra-
tion of flavonoids, obtained from the leaves and seeds of D. ambrosioides by maceration
and infusion. These authors revealed that infusion yielded ICsy values of 25.541 and
48.269 pg/mL in aqueous and ethanolic media, respectively, whereas maceration resulted
in ICsg values of 29.18 and 50.99 ug/mL, respectively. In a similar study, Kandsi et al. [32]
analyzed the antioxidant properties of essential oils obtained from D. ambrosioides leaves
cultivated in Morocco at concentrations ranging between 25 and 400 ug/mL using the
DPPH and (3-carotene assays. They reported ICsy values of 210.24 and 220.50 pg/mL for
DPPH and (-carotene assays, respectively. This antioxidant activity could be due to the
content of 4-carene and x-cyclogeraniol acetate. In this way, Bano et al. [63] reported that
the antioxidant capacity of methanolic extracts, which showed a high content of quercetin
and kaempferol, obtained from D. ambrosioides seeds cultivated in Pakistan and measured
with ABTS and FRAP assays, was 110.6 and 94.3 ug ascorbic acid equivalents/mg extract,
respectively, while the n-hexane extract revealed the lowest antioxidant potential, with
values of 11.2 and 13.7 ascorbic acid equivalents/mg extract for ABTS and FRAP assays,
respectively. Ez-Zriouli et al. [29] investigated the antioxidant activity of essential oil rich
in ascaridole and «-terpinene, which was obtained from the aerial part D. ambrosioides
collected in Morocco, and they reported values of 30.82 mg Trolox equivalent per g of
essential oil. More recently, Drioua et al. [66] assessed the antioxidant activity of ethyl
acetate fraction from the aerial components of D. ambrosioides cultivated in Morocco, which
showed a high content of flavonoids and phenolic acids, employing the DPPH assay. They
reported that these extracts yielded an ICsy value of 0.54 mg/mL.

4.4. Insecticidal and Repellent Activities of Dysphania ambrosioides

The extracts and essential oils obtained from several plants have been used for insect
control for centuries around the world and are considered safe due to their relatively
short shelf life and low toxicity to humans and animals [73]. In this way, the extracts
and essential oils of D. ambrosioides have been shown to possess insecticidal and repellent
activities against mosquitoes and other insects, making them potential natural insecticides
and repellents for the control of vector-borne diseases [34], as essential oils negatively affect
the feeding, growth, reproduction, and oviposition of harmful insects [73]. In the scientific
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literature, there were several studies [34,37,38,73-80] where the insecticidal and repellent
activities of D. ambrosioides extracts or essential oil had been determined (Table 4).

Table 4. Insecticidal and repellent activities of essential oils and extracts obtained from different parts

of Dysphania ambrosioides.

Part of the

Main

Extracts Plant Used Compounds Quantity Insects Reference
1 No . Periplaneta
Essential oil Leaves determined 1 uL/L air americana [73]
S . Terpinolene . Dactylopius
Essential oil Aerial Parts 1.02 uL/L air ' [74]
p-Cymene opuntiae
cis- Culex quingue-
Essential oil Aerial Parts Ascaridole 3.125 uL./L g [38]
p-Cymene fasciatus
Aedes aegypti
Essential oil Aerial Parts p-Cyrpene 62.5 mg/L Anopheles [34]
Ascaridole 10 mg/L .
gambiae
Essential oil Aerial Parts ;}ii’;;ﬁgﬁe 0.75mg/mL  Culex pipiens [37]
Lo No Plutella
Essential oil Whole Plant determined 66.81 mg/L xylostella [44]
Leaves 6__?5(?;;?5 0.04 uL/cm? o
Essential oil Py Tribolium [33]
5-3-Carene 2 confusum
Inflorescences 0.05 uL/cm
p-Cymene
1 No o Callosobruchus
Essential oil Leaves determined 0.50 mg/m maculatus [75]
L Ascaridole LCsp Alphitobius
Essential 0il ~ Fresh Leaves p-Cymene 1774 ug Jem? diaperinus [76]
. No Dactylopius
Extracts Aerial Parts determined 50¢g/L opuntiae [77]
Extracts Aerial Parts de tei\lrr?ine d 10g/L Bemisia tabaci [78]
. No Spodoptera
etermine rugiperda
Extracts Aerial Parts d ined 200 g/L giperd [79]
Stem and No Scyphophorus
Extract Leaves determined 500 mg/mL scupunctatus [801

LCsg: lethal concentration 50%.

Vite-Vallejo et al. [78] evaluated insecticidal activity against Bemisia tabaci using ethano-
lic extracts obtained from D. ambrosioides, cultivated in Mexico. They reported that the
extracts of D. ambrosioides at concentrations of 1, 2, 3, 4, 5, and 6% killed 3.5, 10, 26, 70,
88, and 93% of B. tabaci, respectively. In a similar study, Stappen et al. [34] analyzed the
insecticidal activity of essential oils rich in ascaridole and p-cymene, obtained from the
leaves of D. ambrosioides collected from India, against Aedes aegypti. These authors men-
tioned that D. ambrosioides essential oil had a mortality of 100%, with a concentration of
125 mg/L, while the mortality at a concentration of 62.5 mg/L was 80%. Langsi et al. [81]
reported that the essential oil obtained from leaves of D. ambrosioides, which showed a high
content in 4-carene and p-cymene, caused at least 80% Sitophilus zeamais mortality within
14 days of storage with a dose of 200 pL/kg. In addition, 8 uL of essential oil was repellent
to the weevils. Velez et al. [77] reported that the extract obtained from the leaf powder of
D. ambrosioides grown in Brazil showed insecticidal activity against Dactylopius opuntiae.
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They reported that aqueous D. ambrosioides extract at 10% had a corrected mortality of
24.41%, while the corrected mortality of hydroethanolic D. ambrosioides extract at 5% was
17.49%. Almadiy [38] conducted a study to analyze insecticidal activity against the larvae
and adults of Culex quinquefasciatus using essential oils obtained by hydrodistillation from
aerial parts of D. ambrosioides grown in Saudi Arabia, which had a high concentration
of (Z)-ascaridole. These authors reported that the larval mortality varied between 16.30
and 30.34% when the lower concentration (3.125 uL/L) was used, while for the higher
tested concentrations (50 pL/L), the mortality increased to 80.11-100.00% after 24 h of
treatment. Finally, they found that all treatments for larval and adult mortality were time-
and dose-dependent. More recently, Laghzaoui et al. [74] reported that the essential oils
obtained from leaves of D. ambrosioides cultivated in Morocco were toxic to the adult males
and crawlers of Dactylopius opuntiae. The authors reported that this essential oil, which had
a high content of isoascaridole and carvacrol, showed an LCsy and 90% lethal concentration
(LCqp) of 0.004 and 0.009 uL/cm?, respectively, against adult males of D. opuntiae using
contact bioassay. On the other hand, the values obtained for LCsy and LCyj of essential
oil against crawlers of D. opuntiae using contact bioassay were 0.003 and 0.018 pL/cm?,
respectively. In a more recent study, Yiking and Tunaz [73] analyzed the insecticidal activity
of essential oils obtained from leaves of D. ambrosioides against Periplaneta americana. These
authors found that higher mortality rates of P. americana adults occurred at a concentration
of 5 uL/L of the essential oils derived from D. ambrosioides, while with a concentration
of 2.5 uL/L of D. ambroisoides essential oil, after 24 h, 100% mortality was achieved for P.
americana adults. Kasrati et al. [33] conducted a study to analyze the insecticidal activity of
essential oils obtained from the leaves and inflorescences of D. ambrosioides against Tribolium
confusum adults. These authors reported that these essential oils had an LDsg of 4.30 and
4.46 pL/L air and LDg of 6.51 and 9.62 uL/L air for toxicity by fumigation. This activity
could be due to the high content of 6-3-carene and p-cymene found in this essential oil.

4.5. Antiparasitic Activities of Dysphania ambrosioides

Annual yield losses in vegetables caused by phytonematodes in the world are esti-
mated at 11% [82]. The use of D. ambrosioides extracts in the control of root-knot nematodes
is even more important in family farming since horticulturists have low purchasing power
and little access to more advanced technologies. Extracts and/or essential oils repre-
sent a technically viable and low-cost option compared to the main traditional control
techniques [82]. The extracts and essential oils of D. ambrosioides yield promising results
probably due to the complex mixtures of compounds from plant secondary metabolism
that act as antimicrobial, antiviral, and antifeedant agents to protect plants [24].

Essential oils exhibit broad activity against parasitic microorganisms since they negatively
affect the feeding, growth, reproduction, and oviposition of harmful parasites [73]. Based on
the induction of different mitochondrial targets, many authors have attributed the antiparasitic
activity to the major chemical components, namely carvacrol, caryophyllene oxide, and
ascaridole [83,84]. The scientific literature presents several studies [42,45,82,85-89] where the
antiparasitic activities of D. ambrosioides extracts or essential oil have been studied (Table 5).

Table 5. Antiparasitic activities of essential oils and extracts obtained from different parts of Dysphania

ambrosioides.
Main . .
Extracts Part of the Plant Concentration Parasites Reference
Compound
Essential oil Fruit and Seeds (2)-Ascaridole 307 pg/mL Meloidogyne [45]

E-Ascaridole incognita
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Table 5. Cont.

Extracts Part of the Plant Main Concentration Parasites Reference
Compound
Essential oil Aerial Part 4-Carene 4.74 mg/mL Leishmania tropica [15]
0-Cymene
1 . cis-Piperitone oxide .
Essential oil Aerial Part trans-Isoascaridole 8.7 ug/mL Trypanosoma cruzi [24]
Essential oil Aerial Part No determined 50 uL/mL Ancylostoma spp. [39]
Essential oil Aerial Part p—Cymene 0.037 uL/g Rhipicephalus [85]
a-terpinene lunulatus
. . Isoascaridole Meloidogyne
Essential oil Flower Ascaridole 0.041 uL/mL chitwoodi [42]
Extracts Aerial Part No determined 20 mg/mL Haemonchus [86]
contortus
Extracts Aerial Part No determined 0.6 mg/mL Haemonchus [87]
contortus
. . Rhipicephalus
Extracts Aerial Part No determined 400 mg/mL . [88]
microplus
. Meloidogyne
Extracts Leaves No determined 300 mg/mL : ¢ [82]
javanica
Extracts Leaves No determined 50 mg/mL Meloidogy e [89]
enterolobi
Extracts Whole Plant Rutm. 1 mg/mL Leishmania tropica [12]
Quercetin

In a study carried out by Guimaraes et al. [82], antiparasitic activity against Meloidogyne
javanica and Abelmoschus esculentus was analyzed using the extracts obtained from the leaves
of D. ambrosioides collected in Pakistan. The plant extract of D. ambrosioides yielded a lower
reproduction factor (FR = 11.80) of the nematode in the roots of the Abelmoschus esculentus.
In addition, M. javanica was reduced by 57.51%. In a similar study, Ajaib et al. [86] assessed
the anthelmintic activity of the extracts obtained from D. ambrosioides leaves collected in
Pakistan against Haemonchus contortus. Chloroform extract took the minimum time for the
paralysis and death of worms, with values of 12 and 17 h at 100 mg/mL concentration,
whereas at 20 mg/mL, the maximum time taken for the paralysis and death of worms
was also by chloroform extract, with values of 99 and 115 h. Zamilpa et al. [87] assessed
the in vitro nematicidal effect of D. ambrosioides n-hexane cultivated in Mexico against H.
contortus infective larvae. The results showed that the highest individual lethal in vitro
effect (96.3%) was obtained with the D. ambrosioides extract at 72 h post-confrontation at
40 mg/mL, while the highest combined effect (98.7%) was obtained after 72 h at 40 mg/mL.
The in vivo assay showed that the individual administration of the D. ambrosioides extracts
reduced the parasitic burden in gerbils by 45.8%. Bernardes et al. [90] found that the
essential oil obtained from leaves at a concentration of 20.0 uL/L was capable of killing
100% of adults of Zabrotes subfasciatus and demonstrated effective repellent activity at
0.8 uL/L air and Lethal Dosesy. Niaz et al. [15] conducted a study to analyze anti-
leishmanial activity against Leishmania tropica promastigotes using the essential oil obtained
from fresh aerial parts through steam distillation of D. ambrosioides collected from Pakistan,
which showed a high concentration of 4-carene and o-cymene. These authors reported
that the essential oil of D. ambrosioides had a very potent anti-leishmanial activity with, an
LCsp of Logyg 1.83 X 10 mg/mL. The low LCsy value indicates that the essential oil is
very potent against Leishmania tropica. In a similar study, Pagotti et al. [24] explored the
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in vitro and/or in vivo trypanocidal (Chagas disease) activities of the essential oil obtained
from D. ambrosioides collected from Brazil. D. ambrosioides oil was the most active against
the trypomastigote and amastigote forms of Trypanosoma cruzi in vitro; the 1Csy values
were 8.7 and 12.2 pug/mL, respectively. The authors reported that this essential oil, which
showed a high content of cis-piperitone oxide and trans-isoascaridole, had a high selectivity
index (SI) for trypomastigote (SI = 33.2) and amastigote (SI = 11.7) forms. On day 7, in vivo
treatment with D. ambrosioides at 20 mg/kg/day reduced parasitemia by 6.36%. Barros
et al. [45] evaluated the essential oil of D. ambrosioides, extracted from the aerial parts of
D. ambrosioides plants grown in Brazil, to determine its ability to inhibit the hatching of
Meloidogyne incognita in vitro. They found that, at 0.5 mg/mL, the essential oil of D. ambro-
sioides, which showed a high content of a-terpinene and isoascaridole, induced mortality
in the juvenile larvae of Meloidogyne incognita by more than 90%, with LCsy and LCyg
values of 0.31 and 0.58 mg/mL, respectively. Soares et al. [91] reported that the essential
oil (rich in cis-piperitone oxide and p-cymene) obtained from leaves of D. ambrosioides at
concentrations of 25 and 12.5 pg/mL exhibited notable schistosomicidal action against
Schistosoma mansoni. At this concentration, the essential oil killed 100% of adult worm
pairs within 24 h. The LCs( values reported were 6.50, 3.66, and 3.65 pug/mL at 24, 48, and
72 h, respectively.

It is important to highlight that, when comparing the potential of Dysphania ambro-
sioides with other genera or species used for similar applications, it stands out for its
anthelmintic effect, primarily due to the presence of ascaridole in its essential oil. Although
other plants possess anthelmintic activity, D. ambrosioides is particularly noted for its use
against root-knot nematodes. In addition, it has some pesticidal and insect-repellent prop-
erties (not very common in other genera) that are very valuable for organic farming. In
addition, it grows easily in different conditions, thus enabling wide availability for process-
ing at the industrial level. However, its toxicity is a significant drawback compared to other
medicinal plants, especially essential oils; thus, its use requires caution and strong control
of the doses applied to ensure the safe use of the treatment.

4.6. Other Biological Properties of Dysphania ambrosioides

Several studies have demonstrated the biological effects of D. ambrosioides essential oil
and extracts. In reference to cancer, numerous studies reported that the extracts or components
found in D. ambrosioides have a protective effect on the development and proliferation of some
cancer cell lines. Therefore, Tauchen et al. [68] reported that D. ambrosioides extracts had
an antiproliferative effect on a wide spectrum of cancer cells, including Caco-2, HT-29, and
Hep-G2, with ICsj values of 29.2, 69.9, and 130.6 ug/mL, respectively. In another study,
Shameem [46] analyzed the antiproliferative ability of D. ambrosioides essential oils against
MCEF-7 human mammary carcinoma cells and A549 human lung adenocarcinoma epithelial
cells. They revealed that the highest antiproliferative activity was observed at 125 pg/mL in
the A549 cell line, whereas the growth of the MCE-7 cell line was inhibited at 31.25 pg/mL.
Pandiangan et al. [92] mentioned that the extracts obtained from the leaves of D. ambrosioides
yielded an ICsy value of 0.105 pg/mL on P388 leukemia cells. Huang et al. [93] reported
that the proliferation of human hepatocellular carcinoma cells SMMC-7721 was significantly
inhibited by D. ambrosioides seed extracts, with ICsy values of 0.587 g/L, 0.360 g/L, and
0.361 g/L at 24 h, 36 h, and 48 h, respectively. Another biological activity of essential oils
or extracts obtained from D. ambrosioides is their anti-inflammatory capacity. In this context,
Rios et al. [94] mentioned that the hydroethanolic extract obtained from D. ambrosioides at
a concentration of 5 mg/kg could inhibit nitric oxide and hydrogen peroxide production
and, consequently, reduce inflammation. Ouadja et al. [62] revealed that both the essential
oil and hydroethanolic extract obtained from the fresh leaves of D. ambrosioides significantly
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suppressed lipoxygenase (LOX) activity from 95.14 to 98.11 percent at the 1st, 5th, and10th
min of the kinetics. Mokni et al. [43] reported that the essential oil obtained from the fresh
leaves of D. ambrosioides had a remarkable antiviral activity against Coxsackie Virus-B4, with
an ICsg value of 21.75 pg/mL.

4.7. Safety Margins of Dysphania ambrosioides Extracts and Essential Oils

While D. ambrosioides has a long history of traditional use, improper dosing or concen-
trated forms can be toxic. The distinction between traditional preparations (like infusions)
and concentrated extracts or essential oils is vital.

In reference to the toxicity of D. ambrosioides crude extracts, Kandsi et al. [52] reported
that the hydroethanolic extracts of D. ambrosioides flowers have an oral LDs (lethal dose
50%, the dose at which 50% of the tested animals die) of 5 g/kg in acute toxicity studies
in rats, while the aqueous and methanolic extracts obtained from leaves of D. ambrosioides
yielded an LDsg greater than 2 g/kg also in rats. Similarly, Drioua et al. [95] revealed
that the LDs of crude extracts obtained from leaves of D. ambrosioides was greater than
2mg/kg.

On the other hand, essential oil is generally considered more toxic than crude extracts
due to its concentrated nature and higher content of active compounds, particularly as-
caridole. A study carried out by Ez-Zriouli et al. [29] reported an LDsg of 0.5 mg/kg body
weight for essential oil in rats, classifying it as a category four cytotoxic natural product at
high doses. Adinci Kossi et al. [96] reported that an oral dose of D. ambrosioides essential
oil at a concentration of 2 g/kg body weight induced death in rats within 24 h.

5. Conclusions and Perspectives

The use of artificial intelligence based on natural language processing (NLP), as
applied in this study for literature review, represents an innovative tool to enhance the
efficiency of scientific analyses. This approach warrants further exploration in future phy-
tochemical and biomedical research. Using this methodology, it was possible to efficiently
review and assess the relevance of 814 scientific published in just a few minutes, with a
significant improvement over the time required for traditional search processes. Therefore,
the usefulness of such a methodology is indisputable, marking a significant change in
how state-of-the-art reviews are conducted across any scientific field. In this sense, future
studies—regardless of their scientific field or purpose (e.g., projects, review papers, grant
applications)—can leverage this tool to reduce selection biases and increase transparency.
However, human oversight remains essential, especially in the final phase of the process,
where the interpretation and in-depth analysis of selected information are critical. Addi-
tionally, this new tool is free to use and available to the entire scientific community, aligning
with current open science principles adopted by many regulatory and funding entities, such
as the Coalition for Advancing Research Assessment (CoARA) and the National Strategy
for Open Science—Spain, which promote transparency in scientific research.

Dysphania ambrosioides has demonstrated significant ethnopharmacological poten-
tial due to its richness in bioactive compounds, particularly ascaridole, p-cymene, and
a-terpinene. The essential oils and extracts of this plant exhibit strong antimicrobial activity
against a variety of bacteria and fungi, including multidrug-resistant strains, highlighting
its potential as a natural alternative to synthetic antibiotics. Additionally, its antioxidant
properties, attributed to its high flavonoid and phenolic content, suggest potential applica-
tions against oxidative stress-related diseases. The plant also displays potent antiparasitic
activity, particularly against nematodes and protozoa, supporting its traditional use in
treating parasitic infections. Furthermore, its insecticidal and repellent effects position it
as a promising candidate for eco-friendly pest control. Despite these promising findings,
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further research is needed to elucidate the precise mechanisms of action of its active com-
pounds and to assess its safety and efficacy in clinical and agricultural applications. The
standardization of extraction methods and toxicity studies are crucial for its integration
into pharmaceutical and agricultural industries.

Future research on this topic should focus on the development and optimization of
eco-friendly and efficient extraction methods, as well as the isolation and characterization of
specific bioactive compounds. These compounds should then be used to elucidate precise
mechanisms of action—even investigating underexplored therapeutic potentials—through
advanced pharmacological studies. It is also crucial to conduct rigorous toxicological
assessments to establish safe therapeutic windows and administration routes. Lastly, large-
scale evaluations for specific applications should be performed. Successful execution of
these research directions holds the potential not only to scientifically validate and optimize
existing traditional uses but also to uncover entirely novel pharmaceutical applications.
This could lead to the discovery of new drug candidates derived from natural sources, thus
significantly contributing to addressing unmet medical needs and diversifying the global
pharmacological arsenal.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/plants14131903/s1, Figure S1: Quantitative distribution of the
papers in each of the 19 clusters (numbered from 0 to 18); Figure S2. Word clouds of the 75 most
common words in each cluster (the number of the cluster is indicated at the top of each word
cloud); Figure S3. Frequency bar chart of the 15 most common (the highest frequency appearance)
words in each of the 19 clusters (numbered from 0 to 18). Figure bars for the 15 top words (the
highest frequency appearance) for each cluster (19 clusters numbered from 0 to 18 and identified
at the top of each figure); Figure S4. Scatter plot of the principal component analysis results for the
814 papers included in the datasheet of the initial bibliographic research. Each cluster is represented
by a different color, corresponding the black points to the centroids of each cluster; Figure S5.
Distribution of the 19 clusters over time (2000-2024). Table S1: Data, IA-based tools, and results
obtained during the review of “Epazote (Dysphania ambrosioides): A phytochemical treasure with
multiple applications: A review”.

Author Contributions: Conceptualization, ].F-L. and M.V.-M.; methodology, F.B.-R.; formal analysis,
J.E-L.; investigation, A.H.S.; data curation, M.V.-M. and A .H.S.; writing—original draft preparation,
A.H.S.; writing—review and editing, J.F.-L. and M.V.-M,; visualization, EB.-R.; supervision, F.B.-R.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: Data are contained within the article and Supplementary Materials.

Acknowledgments: Sanidad e innovacién agropecuaria (DR-L 1137) componente II: Innovaciones
tecnolégicas para la prevencion, diagnésticos y manejo de desafios fitosanitarios de los sistemas
agroalimentarios de la Reptiblica Dominicana.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Kandsi, F; Conte, R.; Marghich, M.; Lafdil, F.Z.; Alajmi, M.E; Bouhrim, M.; Mechchate, H.; Hano, C.; Aziz, M.; Gseyra, N.
Phytochemical analysis, antispasmodic, myorelaxant, and antioxidant effect of Dysphania ambrosioides (L.) Mosyakin and Clemants
flower hydroethanolic extracts and its chloroform and ethyl acetate fractions. Molecules 2021, 26, 7300. [CrossRef] [PubMed]

2. Singh, P; Pandey, A.K. Dysphania ambrosioides essential oils: From pharmacological agents to uses in modern crop protection—A
review. Phytochem. Rev. 2022, 21, 141-159. [CrossRef]

3. 5S4, R.D.; Santana, A.C.C.O.; Silva, EC.L.; Soares, L.A.L.; Randau, K.P. Anatomical and histochemical analysis of Dysphania
ambrosioides supported by light and electron microscopy. Rev. Bras. Farmacogn. 2016, 26, 533-543. [CrossRef]


https://www.mdpi.com/article/10.3390/plants14131903/s1
https://www.mdpi.com/article/10.3390/plants14131903/s1
https://doi.org/10.3390/molecules26237300
https://www.ncbi.nlm.nih.gov/pubmed/34885883
https://doi.org/10.1007/s11101-021-09752-6
https://doi.org/10.1016/j.bjp.2016.05.010

Plants 2025, 14, 1903 21 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kamdem, B.P,; Le Doux Kamto, E.; Kamdem Paumo, H.; Katata-Seru, L.M.; Pegnyemb, D.E.; Igne, EE. Chemical constituents,
ethnomedicinal uses, pharmacology, and toxicity of Dysphania ambrosioides (L.) Mosyakin & Clemants, formerly Chenopodium
Ambrosioides L. Nat. Prod. J. 2022, 12, 1. [CrossRef]

Fatokun, O.T.; Diyaolu, A.H.; Esievo, K.B.; Adamu, A.; Aboh, M.O.; Okhale, S.E. Chemical Composition and Antibacterial
Activity of the Essential Oil of Dysphania ambrosioides (L.) Mosyakin & Clemants from North Central Nigeria. J. Phytomed. Therap.
2019, 18, 304-313.

Hewis, L.; Daeli, G.; Tanoto, K.; Carlos, C.; Sahamastuti, A. A Review of Botany, Phytochemical, and Pharmacological Effects of
Dysphania ambrosioides. Indones. ]. Life Sci. 2020, 2, 70-82. [CrossRef]

Dougnon, G.; Ito, M. Role of Ascaridole and p-Cymene in the Sleep-Promoting Effects of Dysphania ambrosioides Essential Oil via
the GABAergic System in a ddY Mouse Inhalation Model. J. Nat. Prod. 2021, 84, 91-100. [CrossRef]

Chaachouay, N.; Benkhnigue, O.; Zidane, L. Ethnobotanical and Ethnomedicinal study of medicinal and aromatic plants used
against dermatological diseases by the people of Rif Morocco. J. Herb. Med. 2022, 32, 100542. [CrossRef]

Tlemcani, S.; Lahkimi, A.; Eloutassi, N.; Bendaoud, A.; Hmamou, A.; Hicham Bekkari, H. Ethnobotanical study of medicinal
plants in the Fez-Meknes region of Morocco. J. Pharm. Pharmacog. Res. 2023, 11, 137-159. [CrossRef]

do Nascimento Magalhaes, K.; Guarniz, W.A.S.; S4, K.M.; Freire, A.B.; Monteiro, M.P,; Nojosa, R.T.; Bieski, I.G.C.; Custédio, ].B.;
Balogun, S.0.; Bandeira, M.A.M. Medicinal plants of the Caatinga, northeastern Brazil: Ethnopharmacopeia (1980-1990) of the
late professor Francisco José de Abreu Matos. J. Ethnopharmacol. 2019, 237, 314-353. [CrossRef]

Ogunleye, G.S.; Fagbohun, O.F; Babalola, O.O. Chenopodium ambrosioides var. Ambrosioides leaf extracts possess regenerative and
ameliorative effects against mercury-induced hepatotoxicity and nephrotoxicity. Ind. Crops Prod. 2020, 154, 112723. [CrossRef]
Zohra, T.; Ovais, M.; Khalil, A.T.; Qasim, M.; Ayaz, M.; Shinwari, Z.K. Extraction optimization, total phenolic, flavonoid contents,
HPLC-DAD analysis and diverse pharmacological evaluations of Dysphania ambrosioides (L.) Mosyakin & Clemants. Nat. Prod.
Res. 2018, 33, 136-142. [CrossRef]

Abdulkader, O.M.; Sharaf, A.E.A.; Fouda, H.M.; Elhaw, M.H. hytoconstitutes investigation of Chenopodium ambrosioides Linn. and
gas chromatography with mass spectroscopy material analysis. Mater. Today Proc. 2022, 61, 992-997. [CrossRef]

Shang, H.; He, D.; Li, B.; Chen, X.; Luo, K,; Li, G. Environmentally Friendly and Effective Alternative Approaches to Pest
Management: Recent Advances and Challenges. Agronomy 2024, 14, 1807. [CrossRef]

Niaz, A.; Muhammad, N.; Mohammad, S.; Ismail, S.; Ghayour, A.; Shakirullah; Ziauddi; Syed, W.A.S.; Mehreen, G.; Shahzeb, K,;
et al. GC/MS analysis, anti-leishmanial and relaxant activity of essential oil of Chenopodium ambrosioides (L.) from Malakand
region. Pak. ]. Pharm. Sci. 2021, 34, 577-583. [CrossRef]

Fernandez-Lopez, J.; Borrds-Rocher, F.; Viuda-Martos, M.; Pérez-Alvarez, ].A. Using Artificial Intelligence-Based Tools to Improve
the Literature Review Process: Pilot Test with the Topic “Hybrid Meat Products”. Informatics 2024, 11, 72. [CrossRef]
Alvarez-Martinez, FJ.; Borras-Rocher, F.; Micol, V,; Barrajon-Cataladn, E. Artificial Intelligence Applied to Improve Scientific
Reviews: The Antibacterial Activity of Cistus Plants as Proof of Concept. Antibiotics 2023, 12, 327. [CrossRef] [PubMed]

Ikotun, A.M.; Ezugwu, E.E.; Abualigah, L.; Belal Abuhaija, B.; Heming, J. K-means clustering algorithms: A comprehensive
review, variants analysis, and advances in the era of big data. Inf. Sci. 2023, 622, 178-210. [CrossRef]

Syakur, M.A; Khotimah, B.K.; Rochman, E.M.S,; Satoto, B.D. Integration K-Means Clustering Method and Elbow Method for
Identification of The Best Customer Profile Cluster. IOP Conf. Ser. Mater. Sci. Eng. 2018, 336, 012017. [CrossRef]

Punhani, A.; Faujdar, N.; Mishra, K.K.; Subramanian, M. Binning-Based Silhouette Approach to Find the Optimal Cluster Using
K-Means. IEEE Access 2022, 10, 115025-115032. [CrossRef]

Zefzoufi, M.; Smaili, A.; Fdil, R,; Rifai, L.A.; Faize, L.; Koussa, T.; Makroum, K.; Ben Ali, A.; Tabyaoui, M.; Mouzdahir, A;
et al. Composition of essential oil of Moroccan Dysphania ambrosioides and its antimicrobial activity against bacterial and fungal
phytopathogens. J. Plant Pathol. 2020, 102, 47-58. [CrossRef]

Maldaner, J.; Silva, ES.; Santos, D.d.A.; Silva, S.Y.S; Silva, S.d.C.; Lima, T.d.C.; Goulart, S.L.; Tomchinsky, B.; Oliveira, M.N.
Bioherbicide potential of essential oils from plant species used in folk medicine and cuisine in the Amazon region. S. Afr. Bot.
2023, 162, 761-766. [CrossRef]

Hsu, K.P; Yang, M.L.; Wei, L.Y.; Ho, H.T.; Ho, C.L. Chemical Composition and In Vitro Anti-Wood-Decay Fungal Activities of
Dysphania ambrosioides Leaf Essential Oil From Taiwan. Nat. Prod. Commun. 2022, 17, 1934578X2210999. [CrossRef]

Pagotti, M.C.; Candido, A.C.B.B.; Marcal, M.G.; Vieira, T.M.; Groppo, M.; Silva, M.L.A; Ferreira, D.S.; Esperandim, V.R.; Crotti,
A.EM.; Magalhaes, L.G. Trypanocidal Activity of Dysphania ambrosioides, Lippia alba, and Tetradenia riparia Essential Oils against
Trypanosoma cruzi. Chem. Biodivers. 2021, 18, €2100678. [CrossRef]

Sounouvou, H.T.; Toukourou, H.; Catteau, L.; Toukourou, F; Evrard, B.; Van Bambeke, E; Gbaguidi, F.; Quetin-Leclercq, J.
Antimicrobial potentials of essential oils extracted from West African aromatic plants on common skin infections. Sci. Afric. 2021,
11, e00706. [CrossRef]

Ferreira Martins, S.H.; Ferreira-Silva, A.; Souza Cruz, R.; Lucchese, A.M.; Camilloto, G.P. Antifungal Film Incorporated with
Chenopodium ambrosioides L. Essential Oil for Postharvest Storage. ACS Food Sci. Technol. 2022, 2, 1086-1095. [CrossRef]


https://doi.org/10.2174/2210315511666210920144526
https://doi.org/10.54250/ijls.v2i2.42
https://doi.org/10.1021/acs.jnatprod.0c01137
https://doi.org/10.1016/j.hermed.2022.100542
https://doi.org/10.56499/jppres22.1459_11.1.137
https://doi.org/10.1016/j.jep.2019.03.032
https://doi.org/10.1016/j.indcrop.2020.112723
https://doi.org/10.1080/14786419.2018.1437428
https://doi.org/10.1016/j.matpr.2021.10.280
https://doi.org/10.3390/agronomy14081807
https://doi.org/10.36721/PJPS.2021.34.2.REG.577-583.1
https://doi.org/10.3390/informatics11040072
https://doi.org/10.3390/antibiotics12020327
https://www.ncbi.nlm.nih.gov/pubmed/36830239
https://doi.org/10.1016/j.ins.2022.11.139
https://doi.org/10.1088/1757-899X/336/1/012017
https://doi.org/10.1109/ACCESS.2022.3215568
https://doi.org/10.1007/s42161-019-00371-x
https://doi.org/10.1016/j.sajb.2023.10.004
https://doi.org/10.1177/1934578X221099971
https://doi.org/10.1002/cbdv.202100678
https://doi.org/10.1016/j.sciaf.2021.e00706
https://doi.org/10.1021/acsfoodscitech.2c00039

Plants 2025, 14, 1903 22 of 25

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Degenhardt, R.T; Farias, I.V,; Grassi, L.T.; Franchi, G.C., Jr.; Nowill, A.E.; Bittencourt, C.M.S.; Wagner, TM.; Souza, M.M.D.; Cruz,
A.B.; Malheiros, A. Characterization and evaluation of the cytotoxic potential of the essential oil of Chenopodium ambrosioides. Rev.
Bras. 2016, 26, 56—61. [CrossRef]

Almeida Bezerra, ].W.; Rodrigues Costa, A.; De Freitas, M.A.; Rodrigues, EC.; De Souza, M.A.; Da Silva, A.R.P,; Dos Santos,
A.T.L.; Linhares, K.V.; Melo Coutinho, H.D.; De Lima Silva, J.R.; et al. Chemical composition, antimicrobial, modulator and
antioxidant activity of essential oil of Dysphania ambrosioides (L.) Mosyakin & Clemants. Comp. Immunol. Microbiol. Infect. Dis.
2019, 65, 58-64. [CrossRef] [PubMed]

Ez-Zriouli, R.; ElYacoubi, H.; Imtara, H.; Mesfioui, A.; ElHessni, A.; Al Kamaly, O.; Zuhair Alshawwa, S.; Nasr, EA.; Benziane
Ouaritini, Z.; Rochdi, A. Chemical Composition, Antioxidant and Antibacterial Activities and Acute Toxicity of Cedrus atlantica,
Chenopodium ambrosioides and Eucalyptus camaldulensis Essential Oils. Molecules 2023, 28, 2974. [CrossRef]

Azghar, A.; Dalli, M.; Loukili, E.H.; Belbachir, Y.; Tahri, M.; Benaissa, E.; Ben Lahlou, Y.; Elouennass, M.; Maleb, A. Evaluation
of the Antibacterial Activity of Essential Oil of Dysphania ambrosioides (L.) Mosyakin and Clemants Against Clinical Multidrug-
Resistant Bacteria. As. J. Plant Sci. 2023, 22, 75-81. [CrossRef]

Bisht, B.S.; Kumar, A. Terpenoid composition of Chenopodium ambrosioides L. and its antimicrobial activity from Uttarakhand
Himalaya of India. J. Drug Del. Ther. 2019, 9, 612-617. [CrossRef]

Kandsi, F; Elbouzidi, A.; Lafdil, EZ.; Meskali, N.; Azghar, A.; Addi, M.; Hano, C.; Maleb, A.; Gseyra, N. Antibacterial and
Antioxidant Activity of Dysphania ambrosioides (L.) Mosyakin and Clemants Essential Oils: Experimental and Computational
Approaches. Antibiotics 2022, 11, 482. [CrossRef]

Kasrati, A.; Sakar, E.H.; Aljaiyash, A.; Hirri, A.; Tamegart, L.; Abbad, I.; Alaoui Jamali, C. Chemical Profiling, Insecticidal, and
Phytotoxic Effect of Essential Oils from Leaves and Inflorescence of Moroccan Chenopodium ambrosioides (L.). Plants 2024, 13, 483.
[CrossRef] [PubMed]

Stappen, I.; Tabanca, N.; Ali, A.; Wanner, J.; Lal, B.; Jaitak, V.; Wedge, D.E.; Kaul, VK.; Schmidt, E.; Jirovetz, L. Antifungal
and repellent activities of the essential oils from three aromatic herbs from western Himalaya. Open Chem. 2018, 16, 306-316.
[CrossRef]

Ngan, T.TK.; Quan, PM.; Toan, T.Q. Characterization of Dysphania ambrosioides (L.) Mosyakin & Clemants essential oil from
Vietnam. Nat. Volat. Essen. Oils 2020, 7, 34—40. [CrossRef]

Black Solis, J.; Ventura Aguilar, R.I.; Barrera Necha, L.L.; Bautista Bafios, S. Caracterizaciéon quimica, variabilidad composicional y
modelamiento matematico del efecto de aceites esenciales en Alternaria alternata. Mex. ]. Phytopathol. 2017, 35, 204-226. [CrossRef]
Harraz, FM.; Hammoda, H.M.; El Ghazouly, M.G,; Farag, M.A; El-Aswad, A.F.; Bassam, S.M. Chemical composition, antimi-
crobial and insecticidal activities of the essential oils of Conyza linifolia and Chenopodium ambrosioides. Nat. Prod. Res. 2015, 29,
879-882. [CrossRef] [PubMed]

Almadiy, A.A. Chemical profile, mosquitocidal, and biochemical effects of essential 0il and major components of Dysphania
ambrosioides against Culex quinquefasciatus Say. Environ. Sci. Pollut. Res. 2020, 27, 41568-41576. [CrossRef]

Monteiro, ] N.M.; Archanjo, A.B.; Passos, G.P.; Costa, A.V.; Porfirio, L.C.; Martins, I.V.F. Chenopodium ambrosioides L. essential oil
and ethanol extract on control of canine Ancylostoma spp. Semin. Ciéncias Agrdrias 2017, 38, 1947. [CrossRef]

Ait Sidi Brahim, M.; Fadli, M.; Hassani, L.; Boulay, B.; Markouk, M.; Bekkouche, K.; Abbad, A.; Ait Ali, M.; Larhsini, M.
Chenopodium ambrosioides var. Ambrosioides used in Moroccan traditional medicine can enhance the antimicrobial activity of
conventional antibiotics. Ind. Crops Prod. 2015, 71, 37-43. [CrossRef]

Zerrifi, S.E.A.; Kasrati, A.; Redouane, E.M.; Tazart, Z.; Khalloufi, EE.; Abbad, A.; Oudra, B.; Campos, A.; Vasconcelos, V. Essential
oils from Moroccan plants as promising ecofriendly tools to control toxic cyanobacteria blooms. Ind. Crops Prod. 2020, 143, 111922.
[CrossRef]

Faria, ] M.S.; Sena, I; Ribeiro, B.; Rodrigues, A.M.; Maleita, C.M.N.; Abrantes, I.; Bennett, R.; Mota, M.; Figueiredo, A.C.D.S.
First report on Meloidogyne chitwoodi hatching inhibition activity of essential oils and essential oils fractions. J. Pest Sci. 2016, 89,
207-217. [CrossRef]

Mokni, R.E.; Youssef, F.S.; Jmii, H.; Khmiri, A.; Bouazzi, S.; Jlassi, I.; Jaidane, H.; Dhaouadi, H.; Ashour, M.L.; Hammami, S. The
Essential Oil of Tunisian Dysphania ambrosioides and its Antimicrobial and Antiviral Properties. ]. Essen. Oil Bear. Plants. 2019, 22,
282-294. [CrossRef]

Wei, H,; Liu, J; Li, B.; Zhan, Z.; Chen, Y,; Tian, H.; Lin, S.; Gu, X. The toxicity and physiological effect of essential oil from
Chenopodium ambrosioides against the diamondback moth, Plutella xylostella (Lepidoptera: Plutellidae). Crop Protect. 2015, 76, 68-74.
[CrossRef]

Barros, A.E; Campos, V.P; De Paula, L.L.; Oliveira, D.E; De Silva, EJ.; Terra, W.C,; Silva, G.H.; Salimena, J.P. Nematicidal
screening of essential oils and potent toxicity of Dysphania ambrosioides essential oil against Meloidogyne incognita in vitro and
in vivo. J. Phytopathol. 2019, 167, 380-389. [CrossRef]


https://doi.org/10.1016/j.bjp.2015.08.012
https://doi.org/10.1016/j.cimid.2019.04.010
https://www.ncbi.nlm.nih.gov/pubmed/31300127
https://doi.org/10.3390/molecules28072974
https://doi.org/10.3923/ajps.2023.75.81
https://doi.org/10.22270/jddt.v9i4-A.3536
https://doi.org/10.3390/antibiotics11040482
https://doi.org/10.3390/plants13040483
https://www.ncbi.nlm.nih.gov/pubmed/38498455
https://doi.org/10.1515/chem-2018-0028
https://doi.org/10.37929/nveo.780483
https://doi.org/10.18781/R.MEX.FIT.1612-5
https://doi.org/10.1080/14786419.2014.988714
https://www.ncbi.nlm.nih.gov/pubmed/25495783
https://doi.org/10.1007/s11356-020-10137-z
https://doi.org/10.5433/1679-0359.2017v38n4p1947
https://doi.org/10.1016/j.indcrop.2015.03.067
https://doi.org/10.1016/j.indcrop.2019.111922
https://doi.org/10.1007/s10340-015-0664-0
https://doi.org/10.1080/0972060X.2019.1588171
https://doi.org/10.1016/j.cropro.2015.06.013
https://doi.org/10.1111/jph.12803

Plants 2025, 14, 1903 23 of 25

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Shameem, A.S.; Khan, K.Z.; Waza, A.A.; Shah, A.H.; Qadri, H.; Ganai, B.A. Bioactivities and chemoprofiling comparisons of
Chenopodium ambrosioides L. and Chenopodium botrys L. growing in Kashmir India. Asian J. Pharm. Clin. Res. 2019, 12, 124-129.
[CrossRef]

Khan, M.H.; Dar, N.A; Alie, B.A.; Dar, S.A.; Lone, A.A; Mir, G.H.; Fayaz, U.; Ali, S.; Tyagi, A.; El-Sheikh, M. A ; et al. Unraveling
the Variability of Essential Oil Composition in Different Accessions of Bunium persicum Collected from Different Temperate
Micro-Climates. Molecules 2023, 28, 2404. [CrossRef]

Fdil, R.; Derhalia, S.; Malikib, S.; Filali-Ansarib, N.; Zefzoufia, M.; Abbouyib, A.; Khyarib, S.; Sraidia, K.; Mouzdahira, A.
Comparative analysis, antibacterial and antiradical activities of essential oils in leaves and fruits of Chenopodium ambrosioides of
Morocco. Res. J. Pharm. Biol. Chem. Sci. 2017, 8, 1038-1044.

Jesus, R.S.; Piana, M.; Freitas, R.B.; Brum, T.E; Alves, C.ES.; Belke, B.V.; Mossmann, N.]J.; Cruz, R.C.; Santos, R.C.V.; Dalmolin, T.V.;
et al. In vitro antimicrobial and antimycobacterial activity and HPLC-DAD screening of phenolics from Chenopodium ambrosioides
L. Braz. J. Microbiol. 2018, 49, 296-302. [CrossRef]

Li,J,; Si, C.; Hong, W.; Xia, C.; Yang, Y.; He, Y.; Su, M,; Long, X.; Zhang, H. Identification of the chemical components of ethanol
extract of Chenopodium ambrosioides and evaluation of their in vitro antioxidant and anti tumor activities. Trop. J. Farmaceut. Res.
2022, 21, 1689-1697. [CrossRef]

Figueroa-Merma, A.; Chirinos, R.; Garcia-Rios, D.; Pedreschi, R.; Aguilar-Galvez, A.; Campos, D. Bioactive compounds characteri-
sation of Peruvian Dysphania ambrosioides (L.) Mosyakin & Clemants leaves by GC/MS and UPLC-ESI-Q/TOF-MSN techniques.
Int. J. Food Sci. Technol. 2023, 58, 1219-1229. [CrossRef]

Kandsi, F,; Lafdil, EZ.; Elbouzidi, A.; Bouknana, S.; Miry, A.; Addi, M.; Conte, R.; Hano, C.; Gseyra, N. Evaluation of Acute and
Subacute Toxicity and LC-MS/MS Compositional Alkaloid Determination of the Hydroethanolic Extract of Dysphania ambrosioides
(L.) Mosyakin and Clemants Flowers. Toxins 2022, 14, 475. [CrossRef]

Shah, H.; Khan, A.A. Phytochemical characterisation of an important medicinal plant, Chenopodium ambrosioides Linn. Nat. Prod.
Res. 2017, 31, 2321-2324. [CrossRef] [PubMed]

Ghareeb, M.A ; Saad, A.M.; Abdou, A.M.; Refahy, L.A.G.; Ahmed, W.S. A new kaempferol glycoside with antioxidant activity
from Chenopodium ambrosioides growing in Egypt. Orient. ]. Chem. 2016, 32, 3054-3061. [CrossRef]

De Morais Oliveira-Tintino, C.D.; Tintino, S.R.; Limaverde, PW.; Figueredo, EG.; Campina, FF; Da Cunha, FA.B.; Da Costa,
R.H.S,; Pereira, P.S.; Lima, L.F.; De Matos, YM.L.S; et al. Inhibition of the essential oil from Chenopodium ambrosioides L. and
a-terpinene on the NorA efflux-pump of Staphylococcus aureus. Food Chem. 2018, 262, 72-77. [CrossRef] [PubMed]

Limaverde, PW.; Campina, EF,; Da Cunha, FA.B.; Crispim, ED.; Figueredo, EG.; Lima, L.E; Oliveira-Tintino, C.D.M.; De Matos,
Y.M.L.S.; Morais-Braga, M.E.B.; Menezes, LR.A; et al. Inhibition of the TetK efflux-pump by the essential oil of Chenopodium
ambrosioides L. and «-terpinene against Staphylococcus aureus 15-58. Food Chem. Toxicol. 2017, 109, 957-961. [CrossRef]

Gishen, N.Z.; Taddese, S.; Zenebe, T.; Dires, K.; Tedla, A.; Mengiste, B.; Shenkute, D.; Tesema, A.; Shiferaw, Y.; Lulekal, E. In vitro
antimicrobial activity of six Ethiopian medicinal plants against Staphylococcus aureus, Escherichia coli and Candida albicans. Eur. |.
Integrat. Med. 2020, 36, 101121. [CrossRef]

Martinez-Alva, J.E.; Espinoza-Simén, E.; Bayona-Pérez, Y.; Ruiz-Pérez, N.C.; Ochoa, S.A.; Xicohtencatl-Cortes, J.; Torres, J.;
Romo-Castillo, M. In Vitro Analysis of Extracts of Plant Used in Mexican Traditional Medicine, Which Are Useful to Combat
Clostridioides difficile Infection. Pathogens 2022, 11, 774. [CrossRef]

Knauth, P.; Acevedo-Hernandez, G.J.; Cano, M.E.; Gutiérrez-Lomeli, M.; Lépez, Z. In Vitro bioactivity of methanolic extracts from
Amphipterygium adstringens (Schltdl.) Schiede ex Standl., Chenopodium ambrosioides L., Cirsium mexicanum DC., Eryngium carlinae F.
Delaroche, and Pithecellobium dulce (Roxb.) Benth. Used in Traditional Medicine in Mexico. Evidence-Based Complement. Altern.
Med. 2018, 1, 3610364. [CrossRef]

Ajaib, M.; Hussain, T.; Farooq, S.; Ashiq, M. Analysis of Antimicrobial and Antioxidant Activities of Chenopodium ambrosioides: An
Ethnomedicinal Plant. J. Chem. 2016, 1, 4827157. [CrossRef]

de Andrade Santiago, J.; Cardoso, M.G.; Batista, L.R.; Castro, E.M.; Teixeira, M.L.; Pires, M.F. Essential oil from Chenopodium
ambrosioides L.: Secretory structures, antibacterial and antioxidant activities. Acta. Sci. Biol. Sci. 2016, 38, 139-147. [CrossRef]
Ouadja, B.; Katawa, G.; Toudji, G.A.; Layland, L.; Gbekley, E.H.; Ritter, M.; Anani, K.; Ameyapoh, Y.; Karou, S.D. Anti-
inflammatory, antibacterial and antioxidant activities of Chenopodium ambrosioides L. (Chenopodiaceae) extracts. J. Appl. Biosci.
2021, 162, 16764-16794. [CrossRef]

Bano, S.; Baig, M.W.; Okla, M.K,; Zahra, S.S.; Akhtar, N.; Al-Qahtani, W.H.; AbdElgawad, H.; Haq, I.U. Antioxidant, antimicrobial,
and protein kinase inhibition profiling of C. ambrosioides seed extracts along with RP-HPLC. J. Chem. 2022, 6486717, 1-12.
[CrossRef]

Yang, S.K.; Yusoff, K.; Ajat, M.; Yap, W.S.; Erin Lim, S.H.; Lai, K.S. Antimicrobial activity and mode of action of terpene linalyl
anthranilate against carbapenemase-producing Klebsiella pneumoniae. J. Pharmac. Anal. 2021, 11, 210-219. [CrossRef]

Musa, A.; Medo, I.; Mari¢, I.; Mar¢i¢, D. Acaricidal and sublethal effects of a Chenopodium-based biopesticide on the two-spotted
spider mite (Acari: Tetranychidae). Exp. Appl. Acarol. 2017, 71, 211-226. [CrossRef]


https://doi.org/10.22159/ajpcr.2019.v12i1.28418
https://doi.org/10.3390/molecules28052404
https://doi.org/10.1016/j.bjm.2017.02.012
https://doi.org/10.4314/tjpr.v21i8.16
https://doi.org/10.1111/ijfs.16270
https://doi.org/10.3390/toxins14070475
https://doi.org/10.1080/14786419.2017.1299722
https://www.ncbi.nlm.nih.gov/pubmed/28288517
https://doi.org/10.13005/ojc/320626
https://doi.org/10.1016/j.foodchem.2018.04.040
https://www.ncbi.nlm.nih.gov/pubmed/29751924
https://doi.org/10.1016/j.fct.2017.02.031
https://doi.org/10.1016/j.eujim.2020.101121
https://doi.org/10.3390/pathogens11070774
https://doi.org/10.1155/2018/3610364
https://doi.org/10.1155/2016/4827157
https://doi.org/10.4025/actascibiolsci.v38i2.28303
https://doi.org/10.35759/JABs.162.7
https://doi.org/10.1155/2022/6486717
https://doi.org/10.1016/j.jpha.2020.05.014
https://doi.org/10.1007/s10493-017-0118-x

Plants 2025, 14, 1903 24 of 25

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Drioua, S.; El-Guourrami, O.; Assouguem, A.; Ameggouz, M.; Kara, M.; Ullah, R.; Bari, A.; Zahidi, A.; Skender, A.; Benzeid, H.;
et al. Phytochemical study, antioxidant activity, and dermoprotective activity of Chenopodium ambrosioides (L.). Open Chem. 2024,
22,20230194. [CrossRef]

Maldonado-Garcia, M.; Angulo, C.; Vazquez-Martinez, J.; Sanchez, V.; Lopez, M.G.; Reyes-Becerril, M. Antioxidant and
immunostimulant potentials of Chenopodium ambrosioides L. in Pacific red snapper (Lutjanus peru). Aquaculture 2019, 513, 734414.
[CrossRef]

Tauchen, J.; Huml, L.; Bortl, L.; Doskocil, I.; Jarosova, V.; Marsik, P; Frankova, A.; Clavo Peralta, Z.M.; Chuspe Zans, M.E.; Havlik,
J.; et al. Screening of medicinal plants traditionally used in Peruvian Amazon for in vitro antioxidant and anticancer potential.
Nat. Prod. Res. 2019, 33, 2718-2721. [CrossRef]

Owokotomo, I.A. Chemical Analysis and Antioxidant Studies of the Essential Oil of Chenopodium ambrosioides (L.) Growing Wild
in South-West Nigeria. Nig. Res. J. Chem. Sci. 2022, 10, 9-17.

Villalobos-Delgado, L.H.; Gonzédlez-Mondragoén, E.G.; Salazar Govea, A.Y.; Ramirez Andrade, J.; Santiago-Castro, J.T. Potential
application of epazote (Chenopodium ambrosioides L.) as natural antioxidant in raw ground pork. LWT-Food Sci. Tecnol. 2017, 84,
306-313. [CrossRef]

Pandiangan, D.; Lamlean, P.Y.V,; Nainggolan, N. Product quality test of pasote tea bags leaves pasote (Dysphania ambrosioides):
Comparison of antioxidant activities of water extract with acetone extract. Eur. |. Mol. Clin. Med. 2020, 7, 878-886.

Tchani, G.W.; Agbeme, K.S.; Agbodan, K.A.; Baba, G.; Kpegba, K. Phytochemical Study and Comparative Antioxidant Activity of
Extracts from Aerial Parts of Chenopodium ambrosioides Linn. (Chenopodiaceae). Adv. Biol. Chem. 2021, 11, 220-233. [CrossRef]
Yiking, M.; Tunaz, H. Baz1 Bitkisel Kokenli Ugucu Yaglarin Amerikan Hamambdocegi (Periplaneta americana L.) Erginlerine Kars:
Oliim Etkisi. Kahramanmaras Siitcii Imam Universitesi Tarim ve Doga. Dergisi 2023, 26, 579-587. [CrossRef]

Laghzaoui, E.M.; Aglagane, A.; Soulaimani, B.; Abbad, I.; Kimdil, L.; Er-rguibi, O.; Abbad, A.; E1 Mouden, E.H. Insecticidal activity
of some plant essential oils against the Opuntia cochineal scale insect, Dactylopius opuntiae Cockerell (Hemiptera: Dactylopiidae).
Phytoparasitica 2022, 50, 901-911. [CrossRef]

Oyeboade Adegorite, S.; Aladesida, A.A.; Bamidele John, I.; Modupe kayode-Isola, T. Bioefficacy of Chenopodium ambrosioides L.
(Chenopodiaceae) on adult Callosobruchus maculatus F. (Coleoptera: Bruchidae). World . Biol. Pharm. Health Sci. 2024, 17, 192-200.
[CrossRef]

Arena, ].S.; Omarini, A.B.; Zunino, M.P,; Peschiutta, M.L.; Defag6, M.T.; Zygadlo, J.A. Essential oils from Dysphania ambrosioides
and Tagetes minuta enhance the toxicity of a conventional insecticide against Alphitobius diaperinus. Ind. Crops Prod. 2018, 122,
190-194. [CrossRef]

Velez, B.A.D.A ; Diniz, A.G.; Barbosa, L.ES.; Santos, A.C.D.S.; Da Costa, A.E; Tiago, P.V. Potential of Fusarium incarnatum-equiseti
species complex isolates with Chenopodium ambrosioides and Enterolobium contortisiliguum extracts to control Dactylopius opuntiae.
Int. J. Trop. Insect Sci. 2019, 39, 131-138. [CrossRef]

Vite-Vallejo, O.; Barajas-Ferndndez, M.G.; Saavedra-Aguilar, M.; Cardoso-Taketa, A. Insecticidal Effects of Ethanolic Extracts of
Chenopodium ambrosioides, Piper nigrum, Thymus vulgaris, and Origanum vulgare against Bemisia tabaci. Southwest. Entomol. 2018, 43,
383-393. [CrossRef]

Trindade, R.C.P; Ferreira, E.S.; Gomes, L.B,; Silva, L.; Sant’Ana, A.E.G.; Broglio, S.MLE; Silva, M.S. Extratos aquosos de inhame
(Dioscorea rotundataPoirr.) e de mastruz (Chenopodium ambrosioides L.) no desenvolvimento da lagarta-do-cartucho-do-milho
Spodoptera frugiperda (J.E. Smith, 1797). Rev. Bras. Plantas Med. 2015, 17, 291-296. [CrossRef]

Valdés-Estrada, M.E.; Aldana-Llanos, L.; Salinas-Séanchez, D.O.; Figueroa-Brito, R.; Herndndez-Reyes, M.C.; Valladares-Cisneros,
M.G. Toxicity of Plant Extracts to Scyphophorus acupunctatus (Coleoptera: Curculionidae). Fla. Entomologist. 2016, 99, 226-230.
[CrossRef]

Langsi, D.J.; Tofel, H.K.; Fokunang, C.N.; Suh, C.; Eloh, K.; Caboni, P.; Nukenine, E.N. Insecticidal activity of essential oils of
Chenopodium ambrosioides and Cupressus sempervirens and their binary combinations on Sitophilus zeamais. GSC Biol. Pharmac. Sci.
2018, 3, 24-34. [CrossRef]

Guimaraes, N.N; Silva, R.V,; Guimaraes, L.N.; Santos, A.S.; Campos, I.C.A.; Inoue, T.Y. Potencial de extratos de plantas e
manipueira no controle de Meloidogyne javanica em jiloeiro. Holos 2021, 8, 1-15. [CrossRef]

Monzote, L.; Geroldinger, G.; Tonner, M.; Scull, R.; De Sarkar, S.; Bergmann, S.; Bacher, M.; Staniek, K.; Chatterjee, M.; Rosenau,
T.; et al. Interaction of ascaridole, carvacrol, and caryophyllene oxide from essential oil of Chenopodium ambrosioides L. with
mitochondria in Leishmania and other eukaryotes. Phytoth. Res. 2018, 32, 1729-1740. [CrossRef] [PubMed]

Bailén, M.; Illescas, C.; Quijada, M.; Martinez-Diaz, R.A.; Ochoa, E.; Gémez-Muiioz, M.T.; Navarro-Rocha, J.; Gonzélez-Coloma,
A. Anti-Trypanosomatidae Activity of Essential Oils and Their Main Components from Selected Medicinal Plants. Molecules 2023,
28, 1467. [CrossRef]

Kouam, MK ; Payne, VK.; Miégoué, E.; Tendonkeng, F.; Lemoufouet, J.; Kana, ].R.; Boukila, B.; Pamo, E.T.; Mnm, B. Evaluation of
In Vivo Acaricidal Effect of Soap Containing Essential Oil of Chenopodium ambrosioides Leaves on Rhipicephalus lunulatus in the
Western Highland of Cameroon. . Pathog. 2015, 2015, 516869. [CrossRef] [PubMed]


https://doi.org/10.1515/chem-2023-0194
https://doi.org/10.1016/j.aquaculture.2019.734414
https://doi.org/10.1080/14786419.2018.1462180
https://doi.org/10.1016/j.lwt.2017.05.076
https://doi.org/10.4236/abc.2021.115015
https://doi.org/10.18016/ksutarimdoga.vi.1168874
https://doi.org/10.1007/s12600-022-01013-2
https://doi.org/10.30574/wjbphs.2024.17.2.0039
https://doi.org/10.1016/j.indcrop.2018.05.077
https://doi.org/10.1007/s42690-019-00014-9
https://doi.org/10.3958/059.043.0209
https://doi.org/10.1590/1983-084X/13_082
https://doi.org/10.1653/024.099.0211
https://doi.org/10.30574/gscbps.2018.3.2.0032
https://doi.org/10.15628/holos.2021.10311
https://doi.org/10.1002/ptr.6097
https://www.ncbi.nlm.nih.gov/pubmed/29672979
https://doi.org/10.3390/molecules28031467
https://doi.org/10.1155/2015/516869
https://www.ncbi.nlm.nih.gov/pubmed/26770829

Plants 2025, 14, 1903 25 of 25

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Ajaib, M.; Faroogq, S.; Abid, S.; Ajaib, M.; Qamar, M.; Zahid, M.T. Assessment of in vitro anthelmintic activity of crude extracts of
Dysphania ambrosioides against Haemonchus contortus a sheep pathogenic parasite. Biosci. Res. 2020, 17, 2760-2769.

Zamilpa, A.; Garcia-Alanis, C.; Lopez-Arellano, M.E.; Herndndez-Veldzquez, V.M.; Valladares-Cisneros, M.G.; Salinas-Sanchez,
D.O.; Mendoza-de Gives, P. In vitro nematicidal effect of Chenopodium ambrosioides and Castela tortuosa n-hexane extracts against
Haemonchus contortus (Nematoda) and their anthelmintic effect in gerbils. J. Helminthol. 2019, 93, 434-439. [CrossRef]

Oliveira, E.; Silva, M.D.; Sprenger, L.; Pedrassani, D. In vitro activity of the hydroalcoholic extract of Chenopodium ambrosioides
against engorged females of Rhipicephalus (Boophilus) microplus. Arq. Inst. Biolégico 2018, 84, €0222016. [CrossRef]

Freire, M.D.S.; Santos, C.D.G. Reagao de espécies vegetais a Meloidogyne enterolobii e eficiéncia de seus extratos aquosos no
controle do patégeno. Semin. Ciéncias Agrdrias 2018, 39, 2385. [CrossRef]

Bernardes, W.A_; Silva, E.O.; Crotti, A.E.M.; Baldin, L.L. Bioactivity of selected plant-derived essential oils against Zabrotes
subfasciatus (Coleoptera: Bruchidae). J. Stored Prod. Res. 2018, 77, 16-19. [CrossRef]

Soares, M.H.; Dias, H.].; Vieira, TM.; de Souza, M.G.M.; Cruz, A.EE; Badoco, FR.; Nicolella, H.D.; Cunha, W.R.; Groppo, M.;
Martins, C.H.G.; et al. Chemical Composition, Antibacterial, Schistosomicidal, and Cytotoxic Activities of the Essential Oil of
Dysphania ambrosioides (L.) Mosyakin & Clemants (Chenopodiaceae). Chem. Biodiv. 2017, 14, e1700149. [CrossRef]

Pandiangan, D.; Lamlean, PY,; Maningkas, PF; Nainggolan, N.; Unitly, A.J.A. Antioxidant and anticancer activity tests of “pasote” leaf
water extracts (Dysphania ambrosioides L.) by in vitro method in leukemia cancer cells. J. Phys. Conf. Ser. IOP Publ. 2020, 1463, 012020.
[CrossRef]

Huang, J.; Hao, J.; Nie, J.; Qian, R.; Li, H.; Zhao, J.; Wang, Y. Possible Mechanism of Dysphania ambrosioides (L.) Mosyakin &
Clemants Seed Extract Suppresses the Migration and Invasion of Human Hepatocellular Carcinoma Cells SMMC-7721. Chem.
Biodiver. 2023, 20, €202200768. [CrossRef]

Rios, C.E.P;; Abreu, A.G.; Braga Filho, ]J.A.; Nascimento, J.R.; Guerra, RN.; Amaral, EM.; Maciel, M.C.; Nascimento, FR.
Chenopodium ambrosioides L. improves phagocytic activity and decreases bacterial growth and the systemic inflammatory response
in sepsis induced by cecal ligation and puncture. Front. Microbiol. 2017, 8, 148. [CrossRef]

Drioua, S.; Ameggouz, M.; Assouguem, A.; Kara, M.; Ullah, R.; Bari, A.; Lahlali, R.; Fidan, H.; El-Guourrami, O.; Benkhouili, EZ;
et al. Comprehensive phytochemical and toxicological analysis of Chenopodium ambrosioides (L.) fractions. Open Life Sci. 2024, 19,
20220895. [CrossRef]

Adinci Kossi, ].; Sessou, P.; Dougnon Tamegnon, V.; Assogba Mahoudo, F.; Towanou, R.; Komagbe, G.; Dougnon Tossou, J.;
Laleye, A.; Souaibou, F. Acute Toxicity of Chenopodium ambrosioides and Annona muricata oils with Acaricidal Potentials. Asian J.
Biolog. Sci. 2020, 13, 1-8.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0022149X18000433
https://doi.org/10.1590/1808-1657000222016
https://doi.org/10.5433/1679-0359.2018v39n6p2385
https://doi.org/10.1016/j.jspr.2018.02.007
https://doi.org/10.1002/cbdv.201700149
https://doi.org/10.1088/1742-6596/1463/1/012020
https://doi.org/10.1002/cbdv.202200768
https://doi.org/10.3389/fmicb.2017.00148
https://doi.org/10.1515/biol-2022-0895

	Introduction 
	Methodology 
	Bibliographic Search Conditions 
	Selection Process of Relevant Papers Assisted by the AI Tool 
	Preprocessing of Search Data 
	Text Clustering and Cluster Analyses 


	Selection of the Relevant Papers Assisted by the AI Tool 
	Traditional Review of the Selected Papers 
	Chemical Composition of Dysphania ambrosioides 
	Antimicrobial Properties of Dysphania ambrosioides 
	Antioxidant Properties of Dysphania ambrosioides 
	Insecticidal and Repellent Activities of Dysphania ambrosioides 
	Antiparasitic Activities of Dysphania ambrosioides 
	Other Biological Properties of Dysphania ambrosioides 
	Safety Margins of Dysphania ambrosioides Extracts and Essential Oils 

	Conclusions and Perspectives 
	References

