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ABSTRACT. The presentstudy isfocused on evaluating acaricidal activity and chemical compositions
of Erigeron acer root, which was identified as a promising candidate among fifteen Mongolian plant
extracts tested for acaricidal activity. The acaricidal effect was evaluated against Haemaphysalis
J Vet Med Sci longicornis, assessed for toxicity to normal human skin fibroblast, and analyzed for its chemical
86(8): 897-905, 2024 constituents. The acetone extr?ct of E. acer root showed significant activity against H. longicornis, with

. . a lethal concentration (LCs) of 5.31 mg/mL and low toxicity, evidenced by a cytotoxic concentration
doi: 10.1292/jvms.24-0090 (CCsp) of 267.00 pg/mL. lSJOsing liquid chromatography—tar{dem mass sp)::'ctrc))/metry and molecular
networking, thirteen natural compounds were identified, including pyrrolidines, alkaloids, fatty
acids, and flavonoids, highlighting the efficacy of E. acer root extract as an effective acaricide against
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Ticks transmit a variety of important disease, contributing to an escalating public health concern due to their potential to cause severe
illness and fatalities in both humans and animals. Additionally, the geographic distribution of tick-borne diseases is expanding, and
reported human cases are increasing [32]. Consequently, tick-borne diseases can lead to significant economic losses, impact human and
animal health, and directly affect the livestock industry by reducing milk, meat, and leather production, causing economic setbacks [12].
One significant tick species contributing this threat is Haemaphysalis longicornis, the Asian long-horned tick. Primarily distributed in
East Asia including China, Japan, Korea, and Australia [8, 12], has also been reported in New Zealand, New Caledonia, Fiji, and Tonga,
[8]. This tick species is known to transmit several significant disease, including piroplasmosis [8, 12], Q fever, rickettsia infections,
Russian spring-summer encephalitis [8], severe fever with thrombocytopenia syndrome virus (SFTSV) [20], and anaplasmosis [15].

Effective management of tick species is crucial for preventing the spread of diseases and reducing the economic burden on
public health systems, as well as on the livestock industry. Commercial synthetic acaricides including pyrethroids, deltamethrin, and
ivermectin are the most widely employed methods for controlling and preventing tick and tick-borne diseases. However, the extensive
and ongoing use of these commercial acaricides has led to the development of acaricide resistance [13]. Furthermore, synthetic
acaricides, such as deltamethrin, contaminate the environment due to their extended degradation periods and can pose a threat to
mammals, including humans, due to their toxicity [22].

Medicinal plants offer a vast source of highly effective ingredients for tick control. Extracts and essential oils derived from various
plant species have shown promising results against various tick species, as documented in publications [2]. For example, Giglioti et
al. conducted a comprehensive study to explore the acaricidal activity of neem seed extract (Azadirachta indica) against the cattle
tick Rhipicephalus microplus [14]. Based on the results, the engorgement rates were significantly reduced, underscoring the potential
of neem extract as a natural tick control method [14]. Compared to synthetic acaricides, plant-based acaricides may cause a lower
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risk to human and animal health and tend to degrade more rapidly in the environment due to their biodegradability and lower toxicity
to non-target organisms. Furthermore, their complex mode of action may contribute to a reduced risk of tick resistance [31]. Hence,
discovering novel, selective, beneficial, and eco-friendly methods for controlling ticks is of utmost importance.

The genus Erigeron, which belongs to the Asteraceae family, is widely distributed in various regions, including Asia, North America,
and Europe. Nine species of Erigeron are found in Mongolia [11]. Erigeron acer L. (E. acris), commonly referred to as blue fleabane,
holds a prominent place in traditional medicine. This plant has a long history of traditional use in diverse cultures. In traditional Italian
medicine, E. acris roots are utilized to treat toothaches, arthritis, bruises, digestive issues, and enteritis. In traditional Chinese medicine,
the plant is employed to treat conditions such as indigestion, enteritis, epidemic hepatitis, and hematuria [28, 35].

The primary objective of the current study was to examine the acaricidal activity of Mongolian plants. Among these plants, E.
acer root exhibited significantly higher acaricidal activity. Therefore, we conducted a detailed analysis of its chemical constituents
with aim of identifying efficient natural products capable of controlling tick vectors. Furthermore, by concentrating on the acaricidal
potential of E. acer root, our goal was to contribute to the development of sustainable solutions in the field of tick vector control.

MATERIALS AND METHODS

Plant material

The plant samples were collected in Mongolia between 2006 and 2013. Plant data, such as the collected date and place for each
sample, are provided in Supplementary Table 1. The plant species were identified by Prof. Ch. Sanchir and Prof. Ts. Jamsran at the
Institute of Botany, Mongolian Academy of Sciences, Mongolia. Voucher specimens (102.10.9.08A) were deposited in the herbarium
of the National University of Mongolia for future reference and verification.

Crude extract

The plant samples were air-dried in a shaded area to protect them from direct sunlight. The dried samples were finely cut into small
pieces after the air-drying process. The cut material was subjected to extraction by maceration in 80% acetone (acetone/water ratio
of 4:1, v/v) at room temperature for 5 days. Subsequently, the liquid extracts were filtered and concentrated under reduced pressure
at 40°C utilizing a rotary vacuum evaporator. The crude extracts were stored at 4°C until further use.

Ticks

Parthenogenetic H. longicornis (Okayama strain) ticks were maintained at the National Research Center for Protozoan Diseases,
Obihiro University of Agriculture and Veterinary Medicine, Japan. These ticks were sustained by feeding on Japanese white rabbits
(SLC Japan, Hamamatsu, Japan). As previously described, the ticks were reared at 25°C in a dark environment [19]. The rabbits were
housed in a temperature- and humidity-controlled room according to guidelines approved by the Obihiro University of Agriculture
and Veterinary Medicine Animal Care and Use Committee (approval number: 19-74).

Acaricidal activity of plant extracts against female ticks

The acaricidal activity of the crude extract was examined according to a previously described method [5]. First, each crude plant
extract was suspended in 80% ethanol containing 2% DMSO at a 50 mg/mL concentration. Next, 150 pL of the extracts were sprayed
onto Petri dishes (diameter of 30 mm) padded with filter paper (Whatman No. 1, Whatman Inc., Maidstone, UK). Then, the Petri dishes
were air-dried at room temperature for 72 hr to evaporate the solvent completely. Next, the ticks (n=10 x 2 replication) were placed
into the Petri dishes and kept in desiccators under an optimum temperature of 27 + 1°C and 80-90% humidity for 72 hr. The mortality
of ticks was recorded after 24 and 72 hr, and immovable ticks were recorded as dead. This method was verified using cypermethrin
(LKT laboratories, St. Paul, MN, USA) and the test solution (80% ethanol containing 2% DMSO) as positive and negative controls,
respectively [29]. Cypermethrin exhibited 100% mortality at a concentration of 1 mg/mL. Mortality concentrations were calculated
as follows [9]:

Corrected mortality = % test mortality— % control mortality %100
Y 100 — % control mortality

Furthermore, to assess the acaricidal activity of the crude extract of E. acer, serial dilutions were prepared at concentrations of
2.5,5.0, 10, 15, and 25 mg/mL. Concentration-dependent mortality assays were conducted to determine the lethal concentrations for
50% mortality (LCs) and 90% mortality (LCy,) of E. acer root. Nonlinear regression analysis was performed using GraphPad Prism
8 software to calculate the LCs, and LCy, values.

Liquid chromatography-tandem mass spectrometry analysis

The crude extract was dissolved in water:methanol (25:75) at a concentration of 1.0 mg/mL for LC-MS analysis. Samples were
diluted with water to obtain a final concentration of 0.1 mg/L. Analyses were performed on a Q Exactive high-resolution mass
spectrometer connected to an Ultimate 3000 RSLC high-performance liquid chromatograph (Thermo Fisher Scientific, Waltham, MA,
USA) equipped with an InertSustain AQ-C18 (2.1 x 150 mm; 3 pum-particle, GL Science, Tokyo, Japan). Elution was conducted with
a mobile phase consisting of H,O + 0.1% FA (A) and ACN (B), which were pumped at a rate of 0.2 mL/min. The gradient program
was set as follows: 2% B (0-3 min), 2-98% B (3—-30 min), 98% B (30-35 min), 98-2% B (35-35.1 min), and 2% B (35.1-40 min).
The column oven was set at 40°C, and the injection volume was 2 pL. LC-MS/MS analyses were achieved by coupling the LC
system to an Orbitrap MS (Q Exactive™, Thermo Fisher Scientific). The relative content ratio of each main peak was determined by
identifying the peaks corresponding to the metabolites of interest, extracting the peak intensities for each metabolite, and normalizing
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the peak intensities by dividing each value by the total sum of all peak intensities (316883033.26). The values were expressed as
percentages. The detected compounds were annotated and identified using several databases: PubChem (https://pubchem.ncbi.nlm.
nih.gov/compound), the UC2 database (which includes KNApSAcK at http://kanaya.naist.jp/KNApSAcK/), the Human Metabolome
Database (http://www.hmdb.ca), and Dictionary Natural Products (https://dnp.chemnetbase.com/).

Molecular networking

The raw data obtained from the LC-MS/MS system were converted to mzXML format using the ProteoWizard tool (Vanderbilt
University, Nashville, TN, USA) [17]. The MZmine workflow for feature-based molecular networking on Global Natural Product
Social (GNPS) was utilized. A molecular network was created using the online workflow [34] on the GNPS website (http://gnps.
ucsd.edu). First, the data were filtered by removing all MS/MS fragment ions within = 17 Da of the precursor m/z. Next, MS/MS
spectra were window-filtered by choosing the top 6 fragment ions in the + 50 Da window throughout the spectrum. The precursor ion
mass tolerance was set to 0.02 Da, and the MS/MS fragment ion tolerance was 0.02 Da. The MS/MS fragment ion tolerance was set
to 0.5 Da, and the precursor ion mass tolerance was set to 2.0 Da. A network was created in which the edges were filtered to have a
cosine score above 0.7 and more than 6 matched peaks. Furthermore, edges between two nodes were only left in the network if each
node appeared in each other’s respective top 10 most similar nodes. Finally, the maximum size of a molecular family was set to 100,
and the lowest-scoring edges were removed from molecular families until the molecular family size was below this threshold. The
spectra in the network were then searched against GNPS spectral libraries. The library spectra were filtered in the same manner as
the input data. All matches kept between network spectra and library spectra were required to have a score above 0.7 and at least 6
matched peaks. The resulting molecular network is available at https://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=e3431d1161a843
96a15499c0e86cofTS.

Data output was imported into Cytoscape version 3.9.1 for visualization and further analysis (https://cytoscape.org/) [33].

Cytotoxic activity tests

The cytotoxic activity test was conducted to evaluate the potential cytotoxic effect of E. acer root. Normal human skin fibroblast
(NBIRGB, RCB0222, RIKEN BRC, Ibaraki, Japan) were cultured in Dulbecco’s modified Eagle’s medium (Sigma—Aldrich, St.
Louis, MO, USA) supplemented with 10% fetal bovine serum and 1% penicillin. The cells were maintained at 37°C under 5% CO,.

The experiments were carried out according to previously described methods [6, 7]. NBIRGB were seeded in 96-well plates at
a density of 1 x 10* cells/well and grown for 48 hr at 37°C under 5% CO,. After incubation, various concentrations (25-500 pg/
mL) of the test extracts were added to the wells. Then, the treated cells were incubated with the extracts for 72 hr. After 72 hr, cell
counting kit-8 (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was added and the plate was further incubated for 3 hr, the
resulting water-soluble formazan dye intensity was then measured at 450 nm using an MTP-120 microplate reader (Corona Electric,
Hitachinaka, Japan). DMSO-treated cells as a diluent of extracts served as negative controls and the wells containing medium alone
were used to correct for background signals. The test was performed in triplicate and repeated two times.

To determine the 50% and 90% cytotoxic concentration (CCs,, CCy) values, extracts were diluted by a serial dilution ranging from
50 to 500 pg/mL. The CCsy and CCqy, were calculated using nonlinear regression with GraphPad Prism 8 software.

RESULTS

Acaricidal activity

During the prescreening phase, in which we evaluated the acaricidal activity of fifteen different plants, E. acer root was the most
promising candidate, demonstrating the highest mortality percentage of 100% at a concentration of 50 mg/mL. The next best candidates
were Euphrasia hirtella and Schultzia crinita, which achieved mortality rates of 80% each (Table 1).

To further assess the acaricidal potency of E. acer root against H.
longicornis female ticks, we conducted experiments using various

concentrations of the plant extract, as outlined in Supplementary Table 1. Acaricidal activity of the screened plants at 50 mg/mL
Table 2. The findings revealed that E. acer root exhibited notable No. Plant name Part Mortality, %
acaricidal activity, with an LC_SO value of :5.31 mg/mL and an I Amaranthus retroflexus Root 20
LCyy value of 5.64 mg/mL against female ticks. In contrast, the 2 Arctogeron gramineum Aerial part 20
negative control, represented by the test solution, did not induce 3 Axyris amaranthoides Leaf 60
any mortality among the ticks. These results indicate that AH. 4 Erigeron acer Root 100
longicornis was susceptible to the acetone extract of E. acer root S Euphrasia hirtella Leaf 30
and support the potential of E. acer root as an effective acaricide 6 Hedysarum alpinum Stem 20
against this tick species. 7 Lagochilus ilicifolius Whole part 0
8 Leontopodium leontopodioides Fur + seed 20
Cytotoxic effect 9 Oxytropis trichophyla Aerial part 20
To examine the cytotoxicity of the crude extract, a cell viability 10 Peucedonum baicalence Leaf 40
assay against human foreskin fibroblasts was performed with the 11 Potentilla astragalifolia Root 40
crude extract at different concentrations (final concentrations 25— 12 Salsola passerine Whole part 0
500 pg/mL), and the CCs, and CCy, were determined. As a result, 13 Saxifraga hirculus Aerial part 0
the crude extract of E. acer root showed relatively low toxicity, 14 Schultzia crinita Whole part 80
with a CCs, of 267.00 pg/mL and a CCq, of 595.80 pg/mL. 15 Spirea salicifolia Whole part 40
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Metabolite profiling of E. acer determined by liquid chromatography-tandem mass spectrometry

To gain comprehensive knowledge of the chemical composition of the crude extract of E. acer, we performed LC-MS/MS analysis
using the data-dependent acquisition technique in positive ionization mode. The obtained total ion chromatogram (TIC) of the crude
extract is depicted in Fig. 1, providing an overview of the detected compounds. Subsequently, an autoMS? process was conducted,
selectively targeting the most prevalent MS' ions for fragmentation during MS? analysis. Finally, by manually examining the resulting
MS/MS spectra, we putatively identified the chemical components present in the crude extract of E. acer. A detailed list of these
identifications is provided in Table 2, suggesting insights into the potential constituents of the extract.

Furthermore, to facilitate the annotation and identification of the detected compounds, we utilized several databases, including
PubChem, UC2 database (which includes KNApSAcK), the Human Metabolome Database, and Dictionary Natural Products. Through
these comprehensive resources, we assigned potential identities to the compounds detected in the crude extract of . acer.

Through this process, 17 substances were detected, and upon further analysis, we identified 13 compounds, as presented in Table 2.
These identified metabolites belong to nine distinct families of natural compounds, namely, pyrrolidines, benzofurans, cyclic ketones,
fatty acids, phenylpropanoids, and quinazolines. Through utilizing these databases and performing manual examination and analysis,
we could gain insights into the chemical diversity and composition of the crude extract of E. acer-.

Tandem mass spectrometry-molecular networking-based dereplication

In addition to the manual examination, we employed the molecular networking (MN) approach that utilizes the GNPS website
(http://gnps.ucsd.edu) to analyze the crude extract of E. acer. Through this advanced technique, we could explore the intricate
relationships between the precursor ions present in the extract. We identified 303 nodes representing these precursor ions through
molecular network analysis, as depicted in Fig. 2. These nodes formed 18 clusters (nodes >2) in the network, with six main clusters
emerging as the most prominent groups.

The compounds within the molecular network were classified based on their structural similarity, providing valuable insights into
the chemical diversity of the crude extract. The six main clusters, designated Clusters A, B, C, D, E, and F, were determined by
examining the relative contributions of peak regions at the network nodes. Cluster A predominantly consisted of terpenoids, while
Cluster B contained phenylpropanoids. Cluster C was characterized by the presence of DEHP (bis (2-ethylhexyl) phthalate), while
Cluster D featured a combination of phenylpropanoids and terpenoids. Cluster E contained small peptides, and Cluster F was enriched
with fatty acids.

For a more detailed analysis of these clusters and their constituent compounds, please refer to Supplementary Fig. 2 (Cluster A)
and Supplementary Fig. 3 (Clusters C, D, E, and F). These Supplementary Figures provide comprehensive information regarding
the annotation of compounds within each cluster. In total, we identified an additional 60 compounds through the GNPS database,
expanding our knowledge of the chemical composition and diversity of the crude extract of E. acer (Table 3).
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Fig. 1. Total ion chromatogram in positive ion mode for acetone extract of Erigeron acer obtained from an Orbitrap mass spectroscopy
(Q Exactive, scan range m/z 80-1,200). The indicated number corresponds to the peak numbers in Table 2.
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DISCUSSION

The utilization of plant-derived natural compounds and essential oils has gained significant attention as a promising approach
for the development of acaricides, as these compounds exhibit inherent advantages in tick control due to their relative safety and
efficacy. Natural products derived from plants offer a sustainable and environmentally friendly alternative to synthetic acaricides,
addressing concerns related to environmental contamination and the potential risks posed to human and animal health. By harnessing
this advantage, these plant-derived acaricides provide a compelling solution that aligns with the principles of sustainable agriculture
and integrated pest management. Based on the growing interest in exploring and harnessing the potential of natural products, further
research is needed to determine their mechanisms of action, optimize their effectiveness, and safely integrate them into tick management
strategies. By prioritizing the development and utilization of natural products, we can pave the way for safer and more sustainable
approaches to tick control, minimize the environmental impact, and promote the well-being of both ecosystems and human populations.

In our study, we comprehensively evaluated the acaricidal properties of E. acer root among fifteen Mongolian plants, focusing on
its activity against H. longicornis. The results were highly encouraging, as E. acer root demonstrated excellent acaricidal properties
against H. longicornis (Table 1). The mortality of H. longicornis female ticks reached 90% after 24 hr of treatment at 10 mg/mL,
while after 72 hr of treatment, mortality reached 100%. Moreover, tick mortality was not observed in the repellent assay with the
negative control, highlighting that E. acer root shows potential as a natural acaricide against H. longicornis. Similarly, in a previous
report, E. acer root showed moderate acaricidal activity against Dermacentor nuttalli [5]. Based on these results, E. acer root may
exhibit acaricidal properties against various tick species. However, additional evidence is required.

In addition to the promising results observed with E. acer root, other Erigeron species have demonstrated insecticidal activities
against various pests and organisms. For instance, E. canadensis has shown activities against Aedes aegypti [1], Culex quinquefasciatus
[30], Tribolium castaneum, and Aspergillus flavus [4], while E. annuus has shown larvicidal activity against Aedes albopictus [18].
In addition, E. speciosus has shown molluscicidal activity against Planobdella trivolvis [23]. These findings suggest that the genus
Erigeron exhibits potential as a valuable source of bioactive compounds for pest control.

The acaricidal activity of E. acer root can be partially attributed to its diverse chemical constituents that exhibit different modes
of action. While previous studies have extensively described the constituents found in the aerial parts of E. acer [24-26, 35, 36],
limited information is available regarding the constituents of the root. In a study by Nazaruk et al. [28], the essential oils of the root
was extracted by hydrodistilation method and revealed the presence of 54 compounds with polyacetylene esters as the dominant
components [27]. In the present study, we utilized maceration method to obtain the acetone extract of the root, and identified 13 and
60 compounds using two different analytical approaches. The observed differences in constituents between our study and Nazaruk et
al. [28] may attributed by several factors. Most importantly, different extraction methods were used, along with potential influences
from genetic diversity, geographical location, and the developmental stage of the plant. Additionally, our findings indicated that certain
compounds, apigenin, kaempferol, luteolin, quercetin, and chlorogenic, were present in both the aerial part and root of E. acer. These
compounds have been previously reported in aerial parts of the plant [24, 26]. To enhance potential therapeutic application of E. acer
roots, it is important to identify the secondary metabolites present within them. This identification can facilitate their utilization in
various contexts.

Table 2. Identification of compounds from crude acetone extract of Erigeron acer by liquid chromatography-tandem mass spectrometry in
positive ion mode

Relative
NPeak RT contents ] i oee Adduct Compound identification Seeoad
umber (min) " detected  mass formula class
ratio (%)

1 3.42 0.64 152.12 151.11 Unknown [M+H]* Unknown Unknown
2 5.18 1.18 275.08  274.07  C;H4,04 [M+H]* Unknown Unknown
3 5.18 3.72 113.02  274.07 CgH,;,0;NgP [M-(Hexose-H,O)+H]" Unknown Unknown
4 9.14 1.08 120.08 119.07  Unknown [M+H]* Unknown Unknown
5 98 031 185129 184121 CoH;OoN, [M+H]* N (3'a°°tam‘d°p$§y‘) pyrrolidin-2- . lidine
6 11.04 1.32 188.07  204.09 C;H;,0,N, [M-NH;+H]* Vasicinol Quinazoline
7 12.06 2.53 163.04 162.03 CyHgO4 [M+H]* Umbelliferone Phenylpropanoid
8 12.06 1.02 193.05 35410  C;¢H;3s0y [M-(Hexose-H,0)+H]" 4-caffeoylquinic acid Phenylpropanoid
9 14.71 0.69 189.09 188.08  C;,H;,0, [M+H]* Trigoforin Phenylpropanoid
10 15.09 2.02 499.12  516.13  C,5H,404, [M-H,O+H]* 3,4-di-O-caffeoylquinic acid Phenylpropanoid
11 19.36 4.58 203.11 202.10  Cy3H 40, [M+H]* Tremetone Benzofuran
12 19.53 1.56 205.12  204.12  C3H0, [M+H]* Norpinguisone Benzofuran
13 22.02 1.30 161.06 160.05 C,oHgO, [M+H]* 6-methylcoumarin Phenylpropanoid
14 22.64 1.40 163.08  162.07  C,;H;(0, [M+H]* f3-dolabrin Cyclic ketone
15 24.72 5.66 175.08  174.07  C;H;,0, [M+H]* Wautaifuranol Benzofuran
16 25.39 2.84 177.09 176.08  C;H,,0, [M+H]* 2,2-dimethyl-2H-chromen-5-ol Phenylpropanoid
17 26.75 1.34 279.23 278.23  CygH;00, [M+H]* Lamenallenic acid Fatty acid

RT: retention time.
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Fig. 2. Global Natural Product Social classic molecular networking of Erigeron acer. Nodes represent parent ions, and the color represents
compound classes as indicated in the legend.

Incorporating molecular networking into this study will result in several key advantages over traditional methods of compound
identification. Firstly, it allows for the high-throughput identification of compounds. This means compounds within an extract can
rapidly detected and cataloged, including new ones, without requiring pure reference standards for each substance. Secondly, this
approach aids in identifying families of compounds, making it easier to spot new potent compounds by their structural resemblance
to compounds already known to be active. This method enhances the data analysis to uncover and understand the intricate mixture
of bioactive components in natural products. Among the phenylpropanoids identified in Tables 2 and 3, Cluster B (Fig. 3) from MN
contained 4-caffeoylquinic acid and 3,4-di-O-caffeoylquinic acid and was putatively identified from both approaches, corresponding to
1.02% and 2.02% relative content ratios, respectively. Figure 3 provides a visual representation of the molecular relationships within
E. acer acetone extract, illustrating how compounds are interconnected. The lines, or edges, connecting the nodes in this molecular
network indicate structural similarities or shared molecular fragments between the compounds. These connections are crucial as they
can be used for identification of the compounds that are likely to be structurally related or belong to the same biochemical family.
Interest in studying caffeoylquinic acids and their derivatives has increased, as these compounds exhibit pharmacological properties
and are potential candidates for drug development. The presence of caffeoylquinic acids as the main ingredients has been detected
in various Erigeron species, including E. multiradiatus, E. annuus, and E. breviscapus [10, 16, 37]. These secondary metabolites are
widely found in edible and medicinal plants and are reported to exhibit a wide range of bioactivities, such as antioxidant, antibacterial,
antiparasitic, neuroprotective, anti-inflammatory, anticancer, antiviral, anti-Alzheimer, and antidiabetic effects [3, 21]. In contrast,
these compounds have not been reported to exhibit insecticidal or acaricidal activity. The synergistic or additive effects of different
compounds within the plant extract should also be considered. The acaricidal activity observed likely results from a complex interaction
between multiple compounds, each exerting unique effects on ticks. Therefore, the presence of these phenylpropanoids, along with
other unidentified compounds, may collectively enhance the overall acaricidal activity of E. acer root.

The development of a compatible acaricide involves multiple factors, with toxicity playing a crucial role. Thus, a toxicity test was
performed against human foreskin fibroblasts. In the results, E. acer root demonstrated a low toxic effect against human foreskin
fibroblasts, with a CCs, value of 267.00 pug/mL. This finding aligns with a previous report that the essential oil of E. acer root
exhibited relatively low toxicity on normal skin fibroblasts (CRL-1474), with an ICs, value of >50 pg/mL [28]. Additionally, this study
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Table 3. Annotated compounds on the Global Natural Product Social classical molecular network of acetone extract of Erigeron acer

Cosine m/z
No Adduct type Compound S S Compound class
1 [M+H]* D-camphor 0.98 153.02 Terpenoid
2 Unknown Trans-nerolidol 0.96  203.18 Terpenoid
3 [M+H]* DEHP (bis (2-ethylhexyl) phthalate) 0.95 391.28 Phenolic
4 [M+Na]* Gibberellin A4&A7 095  295.23 Terpenoid
5 [M+H]* 3,4-di-O-caffeoylquinic acid 0.95  603.14 Phenylpropanoid
6 [M+H]" Clovamide 0.95  355.10 Phenylpropanoid
7 [M+H]* Phellopterin 0.94  517.13  Phenylpropanoid
8 [M-H,O+H]" Isolongifolol 0.94  201.16 Terpenoid
9 [M+H]* Nootkatone 0.93 277.22 Terpenoid
10 [M+H]" Esculin 0.93  275.08 Phenylpropanoid
11 [M+Na]* Progesterone 0.91 275.20 Steroid
12 [M+H]" 4-[(E)-3-(3,4-dihydroxyphenyl) prop-2-enoyl]oxy-2,3-dihydroxy-2-methylbutanoic acid 0.90  325.10 Phenylpropanoid
13 [M+Na]* Mollugin 090  237.11 Polyketide
14 [M+H]" Walleminone 0.90  213.15 Terpenoid
15 [M-H,O+H]* Coronaric acid 0.90  211.17 Fatty acid
16 [M+NH,]* Glechomafuran 090  265.14 Terpenoid
17  [M+H]" Costunolide 0.89  219.17 Terpenoid
18 [M-H,O+H]" 17-epioxandrolone 0.89  237.19 Steroid
19 [M-H,O+H]* Jaeschkeanadiol 0.88 203.11 Terpenoid
20  [M-H,O+H]" Methyl jasmonate 0.87  219.14 Fatty acid
21 [M+H]* Methyl-1-testosterone 085  251.13 Steroid
22 [M+H]* 9-hydroxy-1,4a-dimethyl-7-propan-2-yl-2,3,4,9,10,10a-hexahydrophenanthrene-1-carboxylic acid  0.85 ~ 291.20 Terpenoid
23 [M-H,O+H]" Sinapyl alcohol 0.85 193.12  Phenylpropanoid
24 [M+NH,4]* Mucic acid 0.85 228.20 Fatty acid
25 [M-H,O0+H]" Calusterone 0.84  221.12 Terpenoid
26 [M-H,O+H]* 2,6-di-tert-butyl-4-hydroxymethylphenol 0.84  259.21 Phenolic
27  [M+H]* 6-a (H)-santonin 0.84  247.13 Terpenoid
28 [M-H,O+H]" Vanillylmandelic acid 0.84 160.06  Phenylpropanoid
29  M+2H]* Yohimbinic acid monohydrate 0.83 171.14 Alkaloid
30 [M+H]" Dibutyl phthalate 0.83  279.16 Phthalate
31  [M+Na]* 1,2-dihydroxyheptadec-16-en-4-yl acetate 0.82 43324 Fatty acid
32 [M-H,O+H]* Genipin 0.82 193.09 Terpenoid
33 [M+H]" Annosquamosin C 0.81 293.21 Terpenoid
34 [M+H]" Citrulline 0.81 159.01 Small peptide
35 [M+H]" 6-methylcoumarin 0.80 191.11  Phenylpropanoid
36  [M+NH,4]" 3a-hydroxy-3,5a,9-trimethyl-3,4,5,6,7,9b-hexahydrobenzo[g] [ 1 Jbenzofuran-2,8-dione 0.80 297.08 Terpenoid
37 [M+Na]* Ellipticine 0.79  233.12 Alkaloid
38 [M+H]" Ralfuranone L 0.79  265.11 Furanone
39 [M-H,O+H]* Cis-9-hexadecenoic acid 0.78  221.19 Fatty acid
40 [M+H]* 4-methylesculetin 0.78  207.07 Phenylpropanoid
41 [M+H]* Stearidonic acid 0.78 307.23 Fatty acid
42 [M+H]* Syringaresinol 0.78  417.16 Lignan
43 [M+H]* 3-phenyllactic acid 0.77 163.04  Phenylpropanoid
44 [M+H]* Undecylenoyl glycine 0.77 167.11 Fatty acid
45 [M+H]* a-humulene 0.77  193.12 Terpenoid
46  M+H]" Androsterone 0.77  217.16 Steroid
47  [M+K]" 1-[2-hydroxy-4-(3-hydroxy-5-methylphenoxy)-6-methylphenyl]-3-methylbutane-2,3-diol 0.77  297.08 Polyketide
48 [M+H]* 5,7-dihydroxy-6-methoxy-2-(4-methoxyphenyl)-4H-chromen-4-one 0.77  323.13 Flavonoid
49  [M+H]* N-fructosyl isoleucine 0.76  294.16 Small peptide
50 [M-H,O+H]* Monolaurin 0.76 ~ 253.18 Fatty acid
51  [M+K]*" Thymol-B-D-glucoside 0.76  265.15 Terpenoid
52 [M+H]* Caffeic acid phenethyl ester 0.75 193.05  Phenylpropanoid
53 [M+H]* Santonin 0.75 231.14 Terpenoid
54 [M+H]" Matairesinol 0.74  387.14 Lignan
55 [M+K]" Luvangetin 0.74  297.08 Phenylpropanoid
56  [M+NH,4]" Nortrachelogenin 0.74  341.14 Lignan
57 [M+H]* Linoleic acid 0.73 297.06 Fatty acid
58  [M+H]" Gallic acid 0.73 181.05 Phenolic
59  [M+H]" Monolinolein 0.72  297.24 Fatty acid
60 [M+H]" Coniferyl aldehyde 0.72 179.07  Phenylpropanoid
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_ N [28] highlights the essential oil’s high anti-proliferative activity
o i in MCF-7 cells. Our findings revealed that the crude extract of E.
\©i — acer root exhibited notably low toxicity toward human foreskin
HO .
OH - fibroblasts. Furthermore, cytotoxic effects were only observed
izoss 102 in the tested cells when the concentration of crude extract was
relatively high. These results signify that the safety profile of the
Cluster B crude extract is favorable, suggesting its potential as a viable option
Phenylpropanoid for further exploration as a natural acaricide. Notably, determining

the cytotoxicity of the crude extract against nontarget cells, such
as human foreskin fibroblasts, is of utmost importance, as the
results will indicate whether the extract exhibits selective toxicity
against the target organism without causing significant harm to
beneficial organisms or human health. The observed low toxicity

102 o, toward human foreskin fibroblasts further supports the potential of
m/z 325.002 Ho - 2 O’Q)%H the crude extract of E. acer root as a biocontrol candidate against
@A)L L H. longicornis ticks, as the risk of adverse effects on nontarget

Ho s organisms is low.
m/z 603.135 In conclusion, our research demonstrated that E. acer root

collected from Mongolia exhibits high efficacy in controlling the
H. longicornis tick. This study is the first report on the acaricidal
activity against H. longicornis of the specific plant. Additionally,
the plant demonstrated lower toxicity against human foreskin
fibroblasts, indicating its relative safety. Therefore, E. acer root
could be a promising biocontrol candidate against H. longicornis.
The molecular network generated in this study also presents a valuable tool for future research into natural acaricides. It enables
the rapid identification of promising compounds in related extracts, aids in streamlining bio-guided fractionation by highlighting
potentially synergistic compound groups, and assists in the design of assays focused on specific classes of compounds. This approach
complements traditional methods, offering a broader understanding of the complex interactions within natural product mixtures. As a
result, it guides the way for more efficient discovery and utilization of acaricidal substances, thereby enhancing the development of
natural pest control strategies. However, complementary experiments are necessary to fully evaluate the acaricidal activity and identify
the key active compounds of the plant, including in vivo tests using animal models and a bioactivity-guided fractionation approach.
These investigations would provide a more comprehensive knowledge of the potential of the plant as a source of acaricidal agents.

Fig. 3. Putative annotation of Cluster B, which contained phenyl-
propanoid compounds. The indicated number corresponds to the
compound numbers in Table 3.
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