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Abstract: Plants have long been valued for their medicinal and nutritional contributions to human
life. Anacyclus pyrethrum, a member of the Asteraceae family, has attracted increasing attention as
a source of natural products with diverse applications. In this study, we explored the toxicity and
pharmacological properties of the aqueous extract of A. pyrethrum (AEAP). The acute toxicity study
involved groups of mice subjected to oral administration of varying doses of AEAP, with immediate
post-administration observations to detect any signs of toxicity or mortality. Comprehensive biochem-
ical and hematological analyses encompassed assessments of renal function. The pharmacological
profile was assessed by evaluating antinociceptive, anxiolytic, and antidepressant effects, which
were measured using the hot plate test, elevated plus maze, open field test, and forced swim test,
respectively. Different doses (100, 200, 400, and 800 mg/kg) were administered to rats via gavage
for this assessment. The results revealed that the acute toxicity demonstrated the safety of AEAP at
the tested doses, with no observed mortality or significant alterations. Moreover, it revealed that
AEAP possesses an LD50 value greater than 5000 mg/kg. The pharmacological properties of AEAP
demonstrated anxiolytic and antidepressant activities at a dose of 200 mg/kg, while no antinoci-
ceptive effect was observed. These findings underscore the potential of A. pyrethrum as a natural
source of bioactive compounds with therapeutic applications. Further research is needed to explore
long-term and chronic effects for a comprehensive assessment.

Keywords: anxiety; depression; Anacyclus pyrethrum; plant-derived extracts; pellitory roots; health
benefit; toxicity

1. Introduction

For numerous years, plants have played a vital role in human life, offering both medic-
inal benefits and nutritional value. Naturally derived products from plants are garnering
increasing interest as essential raw materials in various sectors, including pharmaceuticals
and agri-food. Plants encompass a wide array of bioactive compounds with positive effects
on human health and well-being [1]. Today, the significance of aromatic and medicinal
plants (AMPs) extends beyond their traditional use in disadvantaged communities in
developing countries. They have evolved into valuable sources of highly sought-after
bioactive molecules for the pharmaceutical, agri-food, cosmetic, and perfume industries [2].
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AMPs are prominently featured in both modern and traditional medicine, with ca. 50% of
prescribed medicine having a natural origin [3].

The resurgence of interest in AMPs is driven by several factors. Firstly, concerns
about the adverse effects of chemical compounds present in certain medications have
propelled this renewed focus [4]. Secondly, economic considerations, including the high
cost associated with synthetic drugs, have contributed to the growing interest [5]. In this
context, AMPs offer a promising alternative as a natural source of bioactive compounds.
According to Van Wyk [6], despite over 5400 plant species being used in traditional African
medicine, only 10% of them have been commercially developed to some extent.

This renewed emphasis on AMP is particularly pertinent in Mediterranean ecosystems,
such as those in Morocco, which are renowned for their rich and diverse flora shaped by
ecological diversity [7]. Local communities in these areas possess extensive traditional
knowledge and have driven studies and inventories of plants used in phytotherapy [8].
These efforts have identified nearly 570 aromatic and/or medicinal plant species, spanning
98 families and 486 genera, representing ca. 8.1% of Morocco’s total flora [8].

Anacyclus pyrethrum belongs to the Asteraceae family and the Anacyclus genus. It
is known as Pellitory, Aqar Qarha, Oud El Attas, and tigandizt. This plant is native to
Morocco, Algeria, and Spain [9,10]. A. pyrethrum is a medicinal plant with a history of
traditional therapeutic uses, serving as a stimulant, cordial, and rubefacient [11]. It is
often recommended for gargling to alleviate symptoms of conditions like rhinitis, neu-
ralgia, rheumatic discomfort, and musculoskeletal pain [9]. Additionally, the root has
demonstrated promising results in the treatment of conditions such as sciatica, paralysis,
hemiplegia, and amenorrhea [12]. In Morocco, A. pyrethrum roots are renowned in tradi-
tional medicine for their beneficial effects in treating various conditions, including stomach
diseases, stomatitis, cysts, articular rheumatism, and dental pain [13].

Numerous experimental studies have revealed the extensive biological effects associ-
ated with A. pyrethrum, including antioxidant, anti-inflammatory, analgesic properties [14],
anti-epileptic effects [15], immunostimulatory capabilities [16], and insecticidal activity [17].
Notably, A. pyrethrum has also shown the ability to reduce insulin requirements in indi-
viduals with insulin-dependent diabetes mellitus and lower plasma glucose and serum
cholesterol levels after oral administration for 3-6 weeks [18]. These attributes stem from a
diverse array of phytochemical compounds, with over a hundred distinct compounds iden-
tified thus far, including phenolic compounds, flavonoids, and alkaloids [9,19]. A recent
study using HPLC–PDA–MS/MS has provided valuable insights into the specific secondary
metabolites present in the aqueous extract of A. pyrethrum (AEAP). This analysis identified
24 secondary metabolites, with pellitorine and 3,4-dihydroxybenzoic acid, also known as
protocatechuic acid, emerging as the most abundant components [20]. Particularly, pelli-
torine plays a significant role within the extract and has previously been recognized as a key
contributor to the diverse beneficial activities associated with A. pyrethrum. These findings
underscore the plant’s multifaceted biological and pharmacological properties [20–22].

Given the extensive chemical characterization outlined, our attention shifts toward the
global use of analgesics, antidepressants, and anxiolytics. According to the World Health
Organization (WHO), these medications have widespread global use, making them the
most commonly prescribed category of drugs. However, many of the currently available
anxiolytics and antidepressants have undesirable side effects, resulting in poor patient
compliance [23,24]. This highlights the importance of exploring alternative sources, such
as medicinal plants, in the search for new drug leads [25].

Expanding the therapeutic applications of A. pyrethrum could enrich treatment options,
especially in regions where traditional medicine plays a crucial role in healthcare. This
endeavor could provide empirical support for the traditional use of this plant, potentially
leading to the development of new herbal remedies or pharmaceutical innovations. In
this context, our study aims to contribute to the valorization of A. pyrethrum. Our ob-
jective is to uncover novel therapeutic prospects while substantiating previous research.
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We conducted a comprehensive investigation into the AEAP, exploring its toxicity and
pharmacological attributes.

2. Results
2.1. Acute Toxicity
2.1.1. Lethal Dose 50 Estimation (LD50)

All tested doses of AEAP at 1000, 2000, and 5000 mg/kg were found to be safe (non-
toxic). Over a 14-day observation period following AEAP administration, no instances of
mortality were recorded, and there were no significant changes in both body and organ
weights (p > 0.05), as shown in Table 1. This emphasizes that the oral LD50 (lethal dose
that affects 50% of the subjects) of AEAP exceeds 5000 mg/kg, indicating a low level of
toxicity in accordance with the Organization for Economic Cooperation and Development
(OECD) guidelines.

Table 1. Effects of a single oral dose of Anacyclus pyrethrum aqueous extract (AEAP) on mice body
weight and relative organ weights.

Control 1000 mg/kg 2000 mg/kg 5000 mg/kg

Body weight (g) 30.4 ± 0.8 30.8 ± 1.3 28.9 ± 1.0 31.5 ± 1.2

Relative organ weights (g/100 b.wt)

Liver 8.07 ± 0.5 7.00 ± 0.8 9.10 ± 0.6 7.46 ± 0.7

Kidney 0.58 ± 0.1 0.52 ± 0.2 0.48 ± 0.0 0.63 ± 0.2

Brain 1.30 ± 0.1 1.43 ± 0.1 1.50 ± 0.2 1.40 ± 0.1

Spleen 0.33 ± 0.02 0.33 ± 0.0 0.34 ± 0.0 0.35 ± 0.0
Data are expressed as mean ± SEM.

2.1.2. Histopathological Examination

The microscopic examination of kidney, liver, and spleen tissues revealed a normal
appearance similar to the control group, indicating the absence of deleterious changes or
morphological disturbances due to oral AEAP administration. Additionally, this study
determined that oral AEAP administration at doses up to 5000 mg/kg did not elicit any
visible signs or symptoms of toxicity in mice. There were no instances of mortality, and
no significant shifts in body or organ weights were observed after 14 days of AEAP
administration. The median lethal dose (LD50) values for AEAP were found to exceed
5000 mg/kg, indicating its low toxicity (Figure 1).

2.1.3. Biochemical Analyses

Next, we assessed the AEAP toxicity on renal and liver functions. In terms of renal
function markers, including urea, creatinine, uric acid, and creatine kinase levels, the
control group exhibited standard levels: urea (0.3 g/L), creatinine (1 mg/L), uric acid
(16 mg/L), and creatine kinase (80 U/L). The administration of AEAP at varying doses
(1000, 2000, and 5000 mg/kg) led to slight variations in these markers, with slightly reduced
urea levels (0.25, 0.25, and 0.28 g/L, respectively) and slightly elevated creatinine levels
(2, 2, and 1 mg/L, respectively). Meanwhile, uric acid levels increased in groups treated
with AEAP (33, 28, and 45 mg/dL, respectively), and the 1000 mg/kg AEAP-treated group
showed slightly higher creatine kinase levels (155 U/L) compared to those of 2000 mg/kg
(80 U/L) and 5000 mg/kg (54 U/L) AEAP-treated groups. These findings indicated that
AEAP administration did not yield abnormal values or toxic effects on renal function
(Figure 2).
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Figure 1. Histopathological examinations of mice organs (liver, spleen, and kidneys) in acute tox-
icity: (A) Kidney tissue: control, (B) AEAP at 2000 mg/kg, and (C) AEAP at 5000 mg/kg. (D) Spleen 
tissue: control, (E) AEAP at 2000 mg/kg, and (F) AEAP at 5000 mg/kg. (G) Liver tissue: control, (H) 
AEAP at 2000 mg/kg, and (I) AEAP at 5000 mg/kg. Sections were stained with H&E (×20). 
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Figure 1. Histopathological examinations of mice organs (liver, spleen, and kidneys) in acute toxicity:
(A) Kidney tissue: control, (B) AEAP at 2000 mg/kg, and (C) AEAP at 5000 mg/kg. (D) Spleen tissue:
control, (E) AEAP at 2000 mg/kg, and (F) AEAP at 5000 mg/kg. (G) Liver tissue: control, (H) AEAP
at 2000 mg/kg, and (I) AEAP at 5000 mg/kg. Sections were stained with H&E (×20).
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Figure 2. Biochemical characterization of the effect of Anacyclus pyrethrum aqueous extract (AEAP)
on renal function: (A) urea, (B) creatine, (C) uric acid, and (D) creatine kinase. Results are expressed
as mean ± SEM (n = 6 per group). Data were analyzed by one-way ANOVA followed by Tukey’s
post hoc test, “a” vs. control, “b” vs. 1000 mg, and “c” vs. 2000 mg. Letters a, b, or c indicate p < 0.05.
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The liver function assessment encompassed the analysis of ALAT, ASAT, total bilirubin,
C-reactive protein, total cholesterol, and triglyceride levels among AEAP-treated groups in
comparison to the control group (Figure 3). The control group displayed an ALAT concentra-
tion of 91 ± 9.0 U/L. Notably, groups treated with AEAP at doses of 1000, 2000, and 5000 mg
exhibited lower ALAT levels (54, 50, and 52 U/I, respectively) (Figure 3A), suggesting a statisti-
cally significant (F(3,20) = 9.77, p < 0.001) potential benefit of AEAP on ALAT levels and liver
function improvement. A similar trend was observed for ASAT levels (Figure 3B), where the
control group displayed a concentration of 33±3.0 U/L, and AEAP-treated groups at doses of
1000 mg/kg, 2000 mg/kg, and 5000 mg/kg showed statistically (F(3,20)) = 5.26, p < 0.01) higher
ASAT levels (48 U/L, 39 U/L, and 53U/L, respectively).
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on liver function: (A) ALAT, (B) ASAT, (C) total bilirubin, (D) C reactive protein, (E) total cholesterol,
and (F) triglycerides. Results are expressed as mean ± SEM (n = 6 per group). Data were analyzed by
one-way ANOVA followed by Tukey’s post hoc test, “a” vs. control, “b” vs. 1000 mg. Letters a or b
indicate p < 0.05.

The total bilirubin levels (Figure 3C) in the control group were 0.3 ± 0.01 mg/dL,
while, strikingly, AEAP-treated groups exhibited higher total bilirubin levels 0.7 mg/dL
(1000 mg AEAP), 0.8 mg/dL (2000 mg AEAP), and 1.2 mg/dL (5000 mg AEAP), with
significant statistical differences (F(3,20) = 151.9, p < 0.001). In terms of C-reactive protein
levels (Figure 3D), the control group had a concentration of 0.8 mg/dL. Remarkably, AEAP-
treated groups at doses of 2000 mg/kg and 5000 mg/kg displayed lower C-reactive protein
levels (0.4 and 0.6 mg/dL, respectively) (p < 0.05), whereas the 1000 mg/kg AEAP-treated
group exhibited a similar level (0.8 mg/dL) to the control group. These differences suggest a
potential beneficial effect of AEAP on reducing C-reactive protein levels. The control group
exhibited a total cholesterol concentration of 149 mg/dL (Figure 3E). Notably, the three
groups treated with AEAP displayed lower total cholesterol levels (97, 80, and 75 mg/dL at
1000, 2000, and 5000 mg/kg AEAP dose, respectively) (F(3,20) = 11.73, p < 0.001). Interestingly,
the groups treated with AEAP at doses of 1000 mg/kg (105 mg/dL) and 5000 mg (132 mg/dL)
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exhibited similar triglyceride levels to those in the control group (126 mg/dL), while the
2000 mg/kg AEAP-treated group displayed higher levels (146 mg/dL) (Figure 3F).

2.1.4. Hematological Analyses

Subsequently, we conducted a hematological analysis to assess the levels of white and
red blood cells, as well as platelets, among various groups subjected to AEAP treatments
(Figure 4). The control group displayed a white blood cell count of 5 × 103/µL. The
administration of AEAP resulted in a slight increase in white blood cell levels at doses
of 2000 mg/kg (5.7 × 103/µL) and 5000 mg/kg (6.4 × 103/µL) and a slight decrease at
1000 mg/kg (4.72 × 103/µL) (Figure 4A). Conversely, no statistically significant differences
were observed in the red blood cell and platelet levels following AEAP administration
compared to the control groups (Figure 4B,C).Stresses 2024, 4, FOR PEER REVIEW  7 
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2.2. Pharmacological Effects

Next, we proceeded to examine the pharmacological effects of AEAP using a series of
tests to evaluate its potential antinociceptive, antidepressant, and anxiolytic activities. To
assess the antinociceptive effect, we employed the hot plate test (HPT), measuring the latency
time in response to a thermal stimulus. The control group exhibited a latency time of 6 ± 0.5 s,
while the groups treated with varying doses of AEAP showed slightly lower latency times
ranging from 4 (at 100 mg/kg) to 6 (at 400 mg/kg) seconds. However, these differences were
not statistically significant (Figure 5A). Additionally, the antidepressant activity of AEAP
was evaluated using the FST, which measures immobility time as an indicator of depressive-
like behavior. As shown in Figure 5B, the control group exhibited an immobility time of
43 ± 2 s. Notably, the groups treated with AEAP at different doses displayed significantly
lower immobility times, ranging from 18 to 22 s (F(5,30) = 14.73, p < 0.001).

We assessed the anxiolytic effect of AEAP using the open field test (OFT), focusing
on central crossed lines (Figure 6A), peripheral crossed lines (Figure 6B), total crossed line
(Figure 6C), and rearing behavior (Figure 6D). The control group showed 2.5 ± 0.8 crossings
in the central crossed lines analysis, while the groups treated with AEAP displayed higher
numbers (5.1, 5.4, and 6.0 crossings at 200, 400, and 800 mg/kg compared to the control
group, respectively; F(5,30) = 10.48, p < 0.001). Similarly, in peripheral crossed lines, the
control group had 17.5 ± 2.2 crossings, while the AEAP-treated groups exhibited pro-
gressively higher counts ranging from 20 (at 100 mg/kg) to 32 (at 800 mg/kg) crossings,
which was significant compared to the control group (F(5,30) = 6.62, p < 0.001). Furthermore,
the rearing behavior analysis revealed that the control group exhibited 6.2 ± 0.9 rearing,
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whereas AEAP administration increased the ranging counts (8.75, 11.6, and 12.1 rearing at
100, 200, and 400 mg/kg, respectively; F(5,30) = 10.47, p < 0.05) (Figure 6).
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(A) central crossed lines, (B) peripheric crossed lines, (C) total crossed lines, and (D) rearing in open field
test. Results are expressed as mean ± SEM (n = 6 per group). Data were analyzed by one-way ANOVA
followed by Tukey’s post hoc test, “a” vs. control, “b“ vs. 100 mg/kg, a or b indicates p < 0.05.
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We further investigated the anxiolytic effect using the elevated plus maze (EPM) test,
specifically measuring open/closed arm entries (Figure 7A,B) and time spent in each arm
(Figure 7C,D). The administration of 200, 400, and 800 mg/kg AEAP significantly increased
the open arm entries (9.2, 7.75, and 9.00 entries, respectively) compared to the control group
(5.75 ± 0.64) (F(5,30) = 3.07, p < 0.02). Similarly, in terms of time spent in open arms, the
control group had a duration of 22.8 ± 2.0 s, while the AEAP-treated groups demonstrated
progressively longer durations from 47.6 s at 200 mg/kg to 50 s at 800 mg/kg (F(5,30) = 20.28,
p < 0.001).
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3. Discussion

The objective of this study was to provide valuable insights into the toxicity and
pharmacological properties of the AEAP. We explore the implications of our findings,
their significance in the context of medicinal plants, and their potential applications in
various fields. The acute toxicity assessment revealed the safety of AEAP at the tested
doses, as no mortality or significant alterations in the body and organ weights of male
Swiss mice were observed. The data indicate that AEAP possesses an LD50 value greater
than 5000 mg/kg, signifying low acute toxicity. These results are consistent with previous
findings, which reported an LD50 higher than 5000 mg/kg [14]. Following the guidelines
for chemical labeling and classification of acute systemic toxicity provided by the OECD, it
is evident that AEAP falls into the least toxic classification category. These findings support
the conclusions drawn in earlier studies [13,26]. Importantly, our study aligns with the
findings by Jawhari et al., who concluded that various parts of A. pyrethrum, including
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roots, leaves, seeds, and capitulas, did not induce nephrotoxicity or lead to changes in the
renal biomarkers levels [27].

The administration of AEAP did not result in significant deviations in renal and liver
function markers, suggesting that it does not exert adverse effects on kidney function.
In fact, several variations observed in these parameters could fall within the normal
range of biological variability [9]. Strikingly, AEAP demonstrated potential benefits in
reducing C-reactive protein levels, a marker of inflammation, and in improving liver
function by lowering levels of liver enzymes, such as ALAT and ASAT. Additionally, the
observed reduction in total cholesterol levels in the AEAP-treated groups further indicates
its potential to manage lipid profiles. Furthermore, the hematological analysis indicated
that AEAP did not cause significant alterations in white and red blood cells or platelet
levels, suggesting that AEAP does not adversely affect blood parameters, which aligns with
the findings of Sharma et al. [28]. Their study also demonstrated the potent hematopoietic
activity of A. pyrethrum. The research conducted by Oanh et al. [29] echoes these insights,
indicating that medicinal plants like A. pyrethrum not only lack toxicity but also have the
potential to positively impact hematological and biochemical attributes. These findings
contribute to the overall safety profile of AEAP.

The histopathological examination conducted herein confirmed the absence of morpho-
logical disturbances, signifying the absence of toxic effects in the kidney, liver, and spleen
tissues. This finding is consistent with previous studies conducted by Bezza et al. [15] and
Manouze et al. [14]. In contrast, the research by Jawhari et al. [27] reported no abnormalities
in these organs among subjects administered various extracts at lower doses. However, it
is essential to note that their high-dose groups (2000 mg/kg) exhibited histopathological
alterations in the liver, kidneys, and spleen, marked by hepatic distress, inflammatory
infiltration, focal tubular necrosis, vascular congestion, and lymphoid hyperplasia.

The data indicated that AEAP did not exhibit significant central antinociceptive effects,
as evaluated by the HPT, suggesting limited pain-relieving properties. This outcome contrasts
with the findings of Manouze et al., demonstrating dose-dependent antinociceptive effects
following oral treatment with both aqueous and methanolic extracts of A. pyrethrum, hinting at
a potential central mechanism of action. According to the same study, A. pyrethrum exhibited
peripheral antinociceptive effects attributed to alkylamides [14]. In our study, we observed
robust antidepressant activity in the FST via reduced immobility times compared to the
control group, indicating significant antidepressant potential. Similar findings have been
reported earlier [21,30], indicating that the ethanolic extract of A. pyrethrum also acts as an
antidepressant in mice. The observed decrease in immobility is comparable to the effects
observed with a reference antidepressant, further supporting the consistency of our results
with other studies. Moreover, it has been proposed that the root extract of A. pyrethrum may
exert an antidepressant effect by interacting with the adrenergic or dopaminergic system,
resulting in elevated norepinephrine and dopamine levels [31]. Additionally, in behavioral
tests such as the OFT and the EPM, AEAP displayed anxiolytic potential by increasing
exploratory and locomotor activities. This was evidenced by elevated central crossed lines,
peripheral crossed lines, and rearing behavior in the OFT, as well as increased exploration
of open arms and higher open arm entries in the EPM. These observed anxiolytic effects
are consistent with results from another study [28] investigating the effects of the ethanol
extract of A. pyrethrum in mice. This research revealed an increase in the time spent in the
light compartment and alterations in the number of shuttle crossings, indicating its anxiolytic
activity. These anxiolytic effects may be attributed to the compound agonistic effects on the
gamma-aminobutyric acid (GABA)/benzodiazepine receptor complex and/or the 5-HT1A
receptor and/or its ability to antagonize the 5-HT1B receptor [32,33].

The observed anxiolytic and antidepressant effects in AEAP can, at least partly, be at-
tributed to the presence of bioactive compounds, especially alkylamides, within the extract.
It has been shown that an increase in GABA levels in the brain could potentially trigger
these effects, as GABA is recognized for its anxiety-reducing and relaxation-promoting prop-
erties [34]. Badhe et al. [31] suggested that the root extract of A. pyrethrum could potentially
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exert an antidepressant effect by interacting with either the adrenergic or dopaminergic
system, ultimately leading to elevated levels of norepinephrine and dopamine. The anxi-
olytic effects observed in the OFT and EPM tests are particularly noteworthy, suggesting
that AEAP may have applications in the management of anxiety-related disorders [34].

The identification of polyphenols in the extract, including hydroxybenzoic acid
quinyl ester, dihydrocaffeic acid, feruloylquinic acid, caffeic acid, p-coumaric acid, p-
coumaroylquinic acid, hydroxycoumarin, along with the alkylamide pellitorine is of signifi-
cant importance, as recently reported [20]. These compounds have been well-documented
for their diverse range of beneficial activities in various studies. In fact, hydroxybenzoic acid
quinyl ester is associated with antioxidant properties [35], while dihydrocaffeic acid and
feruloylquinic acid have demonstrated anti-inflammatory and neuroprotective effects [36].
Caffeic acid and p-coumaric acid are known for their antioxidant and anti-inflammatory
properties [37], contributing to their potential to support overall health. Furthermore,
p-coumaroylquinic acid and hydroxycoumarin have shown promise in their roles as an-
tioxidants and potential cardiovascular health promoters [38]. The alkylamide pellitorine,
which is characteristic of A. pyrethrum, has exhibited various bioactivities, including anti-
inflammatory and analgesic properties [39,40]. The presence of these compounds in the
AEAP extract not only supports the traditional uses of A. pyrethrum in herbal medicine but
also underscores the rich pharmacological potential of this plant.

The dose–response relationship serves as a fundamental framework for understanding
the intricate connection between exposure attributes and the spectrum of effects. This estab-
lished correlation relies on the measurement of responses in relation to incremental dosages,
providing valuable insights into the interplay between exposure and health outcomes. Our
results unequivocally pinpointed the 200 mg dose of AEAP as the most efficacious in
generating the observed pharmacological effects. This specific dosage consistently yielded
optimal results across a spectrum of assessment parameters, underscoring its critical role in
achieving the desired pharmacological responses.

The potential applications of A. pyrethrum in both the pharmaceutical industry and
traditional medicine are indeed of great importance. The findings suggest that A. pyrethrum
holds significant potential for use in herbal medicine and may offer alternative, natural
approaches for managing anxiety-related disorders and depressive symptoms, with pro-
found implications for human health and well-being. Furthermore, the identification of
specific bioactive compounds within the extract provides a foundation for future research
into their isolation and potential development into pharmaceutical agents or herbal reme-
dies. This exploration could yield novel treatments with reduced side effects compared to
conventional medications, ultimately benefiting human health.

Building on the robust findings of this study demonstrating notable antidepressant
and anxiolytic effects, future research should aim to uncover the molecular pathways and
receptor interactions responsible for the observed antidepressant and anxiolytic effects,
addressing the current lack of detailed mechanistic insight. Ongoing research will refine
our understanding of A. pyrethrum’s therapeutic potential, unravel its mechanisms of action,
and explore broader applications in both preclinical and clinical contexts.

4. Materials and Methods
4.1. Plant Samples and Extraction

The roots of Anacyclus pyrethrum were collected from the Bin El Ouidan region, Mo-
rocco (32◦ 7′48′′ latitude N/6◦ 27′36′′ longitude W), and the voucher specimen MARK-1003
was deposited in the herbarium of the Department of Biology, Faculty of Sciences Semlalia,
Cadi Ayyad University, Marrakech, Morocco. The root powder was obtained by crushing
the washed and dried roots, which were then extensively extracted with distilled water
(1 g/10 mL) under agitation for 12 h. The solvent used for the extraction was distilled water
(650 mL). The bottle containing the root powder (50 g) and sterile water were sealed with
parafilm to prevent solvent evaporation and maintain optimal extraction conditions. The
aqueous macerate was subsequently centrifuged (1200 rpm), filtered, and lyophilized using
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a Christ instrument. The weight of the concentrated extract was 9 g, resulting in a yield of
approximately 18%. The extract underwent microbial study, and there was no microbial
contamination (Escherichia coli, Salmonella, Staphylococcus aureus, or Pseudomonas aeruginosa)
in the extract. The lyophilized dry powder was sealed in amber bottles and kept at 4 ◦C
until its use.

4.2. Drugs

Midazolam (Synthemedic, Casablanca, Morocco) and Fentanyl (MAPHAR, Casablanca,
Morocco) were employed as reference molecules in this study. Midazolam (1 mg/kg) was
utilized as a reference for the assessment of antidepressant and anxiolytic properties [41], while
Fentanyl (20 µg/kg) was employed as a reference for evaluating analgesic properties [42].

4.3. Animals

Adult male Swiss mice (25–35 g) and Male Sprague Dawley rats (180–230 g) were
sourced from the animal facility of the Faculty of Sciences Semlalia, Cadi Ayyad Uni-
versity, Marrakech, Morocco. These animals were housed in individual chambers under
controlled conditions: temperature of 22 ± 2 ◦C, a 12:12 h light/dark cycle, and transparent
cages containing up to five animals. They were provided with ad libitum access to water
and food.

This study rigorously adhered to established ethical guidelines and principles, ensuring
the welfare and dignity of the animal subjects, including those outlined in the Institutional
Animal Care and Use Committee (IACUC), and in compliance with national and international
regulations (EU2010/63). All animal procedures were designed with the utmost care to
minimize potential harm or distress to the subjects. Prior to the commencement of the study,
proper ethical approvals were obtained from the Institutional Review Board of the Faculty of
Sciences, Cadi Ayyad University, Marrakech, Morocco (protocol code FCR-CS-07/2023-001,
date of approval: January 2023). Measures were taken to optimize animal housing conditions,
including appropriate nutrition, temperature control, and minimizing social isolation. The
research team remained vigilant in monitoring the animals’ well-being throughout the study,
promptly addressing any signs of discomfort or distress.

4.4. Acute Toxicity

The limit test dose (5000 mg/kg) in the acute toxicity study was conducted in ac-
cordance with the OECD guideline no. 423 [43]. Four groups of mice, each comprising
six animals, were used. Three groups received an oral administration of AEAP at doses
of 1000, 2000, and 5000 mg/kg, while the remaining group (negative control) received
distilled water. The administration was performed at a rate of 10 mL/kg. The mice were
observed for signs of toxicity and mortality during the initial two hours following extract
administration. The mice’s body weights were recorded daily for a period of 14 days.

4.4.1. Biochemical and Hematological Analyses

At the end of the behavioral tests, the animals were sacrificed via cervical dislocation,
and blood samples were expeditiously collected and centrifuged for serum. The renal
(urea, creatinine, uric acid, and protein kinase), liver (ALAT, ASAT, C reactive protein, total
bilirubin, total cholesterol, and triglycerides), and hematologic (white blood cells, red blood
cells, and platelets) functions were evaluated. The measurements adhered to standard
techniques utilizing a biochemical machine (Cobas 6000, Roche, Basel, Switzerland).

4.4.2. Histological Study

For the histopathological examination, vital organs such as the liver, kidneys, and
spleen were dissected and immersed in a 10% formalin solution for overnight fixation after
biochemical and hematological analyses. Subsequently, the organs underwent dehydration
using graded alcohol solutions and were embedded in paraffin wax. Thin sections of
4–10 µm thickness were prepared from paraffin blocks and stained with hematoxylin
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and eosin, following standard staining protocol. The stained sections were subjected to
microscopic examination for pathological analysis [44].

4.5. Pharmacological Effects

To assess the pharmacological effects, six groups of rats, each comprising six an-
imals, were used. Four groups received an oral administration of AEAP at doses of
100, 200, 400, and 800 mg/kg. A positive control group received the reference molecules
(Fentanyl/Midazolam), while the remaining group (negative control) received distilled
water. All substances were administered 40 min before each test.

4.5.1. Forced Swim Test (FST)

The rats were individually subjected to immobility in an open cylinder (21 × 50 cm
diameter × tall) filled with 25 cm of water maintained at 25 ± 1 ◦C, and the immobility
time was recorded for 10 min. Immobility was defined as the period during which the
rats remained motionless in the water with no active behaviors such as jumping, diving,
or swimming and making only movements to keep their head above water. Prolonged
immobility indicates a depressant-like effect in the behavioral profile [45].

4.5.2. Open Field Test (OFT)

An OFT was conducted to assess exploratory behavior and overall locomotor activ-
ity [46]. The test apparatus consisted of a white arena measuring 80 × 80 × 40 cm, divided
into 25 equal squares. Each rat was placed individually in the arena for 10 min, and the
number of squares crossed using all four legs and the frequency of rearing was recorded.
After each session, the arena floor was cleaned with 10% ethanol to eliminate residual odors
or markings.

4.5.3. Elevated Plus Maze (EPM)

The EPM apparatus comprises a raised platform 100 cm above the floor, with two
open arms and two enclosed arms, each measuring 50 × 10 cm (length × width). The
test began by positioning the rat in the central zone (10 × 10 cm) of the maze facing the
intersection and recording the exploratory behavior in the maze for 10 min. The number of
entries into open and closed arms (four legs on the arm) and the time spent in these arms
were recorded. These parameters indicate anxiety-like behaviors, increased time spent in
closed arms, and fewer entries into open arms suggest higher anxiety levels [47]. After
each test, the EPM was cleaned with 10% ethanol to eliminate the possibility of introducing
pheromonal cues or markings.

4.5.4. Hot Plate Test

Nociceptive responses were evaluated using the method previously described [48].
Animals were placed on a glass cylinder atop a heated metal plate set at 55 ± 1 ◦C. The
reaction time was measured as the latency to responses, including licking, shaking a paw,
or jumping, indicative of discomfort After AEAP and Fentanyl administration, latencies
to nociceptive responses were measured 40 min later. This method gauged sensitivity to
painful stimuli, providing insights into AEAP’s potential analgesic effects.

4.6. Statistical Analyses

Data were analyzed and presented as mean ± standard error of the mean (SEM) using
GraphPad Prism 09 (San Diego, CA, USA). One-way analysis of variance (ANOVA) was
performed, followed by post hoc Tukey’s tests to assess the differences among groups. A
p-value < 0.05 was considered statistically significant.

5. Conclusions

In conclusion, our study established that aqueous A. pyrethrum roots are non-toxic
substances, adding to the growing body of evidence supporting their safety for potential use
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in pharmacological interventions. Furthermore, we observed that at specific dosage levels,
AEAP displayed significant anxiolytic and antidepressant properties, offering promise
for addressing anxiety- and depression-related disorders. These findings underscore the
potential of A. pyrethrum as a natural product of bioactive compounds with therapeutic
applications. While our study provides compelling evidence of the beneficial effects of
AEAP, it is essential to recognize that the precise molecular mechanisms underlying the
observed activities warrant further investigation. The complex interplay of secondary
metabolites within A. pyrethrum may contribute to these effects, but detailed studies are
required to isolate and elucidate the specific pharmacologically active compounds and their
molecular pathways. As we continue to unravel the mechanisms of action, these findings
lay the groundwork for future research, ultimately contributing to the development of
novel therapeutic Interventions rooted in A. pyrethrum’s bioactive potential.
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