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Assessment of antinociceptive property of Cynara
scolymus L. and possible mechanism of action in
the formalin and writhing models of nociception
in mice

Pegah Yaghooti and Samad Alimoahmmadi

Department of Basic Sciences and Pathobiology, Faculty of Veterinary Medicine, Razi University, Kermanshah, Iran

Background: Cynara scolymus has bioactive constituents and has been used for therapeutic actions. The present
study was undertaken to investigate the mechanisms underlying pain-relieving effects of the hydroethanolic extract
of C. scolymus (HECS).

Methods: The antinociceptive activity of HECS was assessed through formalin and acetic acid-induced writhing
tests at doses of 50, 100 and 200 mg/kg intraperitoneally. Additionally, naloxone (non-selective opioid receptors
antagonist, 2 mg/kg), atropine (non-selective muscarinic receptors antagonist, 1 mg/kg), chlorpheniramine
(histamine H,-receptor antagonist, 20 mg/kg), cimetidine (histamine H,-receptor antagonist, 12.5 mg/kg),
flumazenil (GABA,/BDZ receptor antagonist, 5 mg/kg) and cyproheptadine (serotonin receptor antagonist, 4 mg/kg)
were used to determine the systems implicated in HECS-induced analgesia. Impact of HECS on locomotor activity
was executed by open-field test. Determination of total phenolic content (TPC) and total flavonoid content (TFC) was
done. Evaluation of antioxidant activity was conducted employing 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging assay.

Results: HECS (50, 100 and 200 mg/kg) significantly indicated dose dependent antinociceptive activity against
pain-related behavior induced by formalin and acetic acid (P < 0.001). Pretreatment with naloxone, atropine and
flumazenil significantly reversed HECS-induced analgesia. Antinociceptive effect of HECS remained unaffected
by chlorpheniramine, cimetidine and cyproheptadine. Locomotor activity was not affected by HECS. TPC and TFC
of HECS were 59.49 + 5.57 mgGAE/g dry extract and 93.39 + 17.16 mgRE/g dry extract, respectively. DPPH free
radical scavenging activity (ICs,) of HECS was 161.32 + 0.03 pg/mL.

Conclusions: HECS possesses antinociceptive activity which is mediated via opioidergic, cholinergic and GABAergic
pathways.
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INTRODUCTION

Pain is a complex and multifactorial state that is charac-
terized as a displeasing sensory and emotional encoun-
ter linked with harm to body tissues. Pain represents a
pathological state, and being the prevailing indication of
various illnesses, has the potential to impact the well-be-
ing of individuals [1,2]. Pain arises as a result of an injuri-
ous stimulus either from the environment or within the
body and is subsequently disseminated by the activation
of nociceptors by inflammatory mediators. Then, these
receptors convey the pertinent information via afferent
fibers to the central nervous system (CNS) [3]. Recently,
in light of the deleterious consequences caused by a mul-
titude of synthetic analgesics, including non-steroidal
anti-inflammatory drugs (NSAIDs) and opioids, there has
been a growing demand for the discovery of innovative
analgesic medications that offer improved effectiveness
and safety. In this regard, medicinal plants and their bio-
logically active constituents have a significant impact on
the treatment and regulation of pain [4].

Artichoke (Cynara scolymus L.) is cultivated in numer-
ous nations, notably in Iran, Turkey, and China, and it
falls under the Asteraceae botanical family. Investiga-
tions into the phytochemical properties of C. scolymus
have revealed the existence of bioactive compounds,
which encompass phenolic acids including chlorogenic
acid and cynarin. Furthermore, the composition of the
artichoke extract also comprises flavonoids such as api-
genin, luteolin, and quercetin [5,6]. Experimental studies
have reported multiple pharmacological effects associ-
ated with C. scolymus and its active constituents, includ-
ing antioxidant [7], hypoglycemic [8], antiatherogenic,
and hypolipidemic [9] activities. Additionally, the anti-
inflammatory effect of artichoke extract has been proven
through various demonstrations [10]. Moreover, previous
studies have shown the hepatoprotective effect [11] and
the anti-anemic potency [12] of the hydroethanolic ex-
tract of C. scolymus (HECS) against the development of
hemolytic anemia induced by phenylhydrazine in rats.

Despite the wide range of biological impacts exerted by
C. scolymus, there has been no documentation regard-
ing the analgesic properties of this botanical specimen.
Therefore, the present investigation sought to ascertain
the antinociceptive efficacy of the hydroethanolic extract
derived from C. scolymus, through the implementation
of formalin and writhing tests in mice. Another objec-
tive of this study was to further investigate the potential
mechanism(s) implicated in the analgesic effects of C.
scolymus, with particular focus on the participation of

opioidergic, cholinergic, histaminergic, GABAergic, and
serotonergic pathways.

MATERIALS AND METHODS

1. Animals

In this investigation, adult male albino NMRI mice, rang-
ing in age from 8 to 10 weeks and weighing between 25
and 30 grams, were procured from the Animal Care Unit
affiliated with the Faculty of Veterinary Medicine at Razi
University situated in Kermanshah, Iran. The animals
were accommodated within standard plastic enclosures
(six mice per enclosure) within controlled environmental
conditions at a temperature range of 22°C + 2°C, accom-
panied by a relative humidity range of 55% + 5%. This is
further accompanied by a light-dark cycle of 12:12 hours,
where the animals are exposed to equal periods of light
and darkness. All animals were provided with a standard
diet consisting of rodent pellets from Pars Dam Co. Addi-
tionally, fresh water was made available to them without
restriction. The animals underwent a period of seven days
for acclimatization before the initiation of the research
investigation. Following the acclimatization period, the
mice were employed in formalin and writhing tests. The
utilization of animal experiments within this particular
study underwent a thorough examination and received
endorsement from the Animal Ethics Committee of Razi
University (approved number: 98/581/1:98.11.27). Fur-
thermore, the execution of said experiments adhered to
the prescribed guidelines pertaining to the management
and utilization of research animals for the purpose of
exploring the concept of experimental pain in conscious
animals [13]. To mitigate the potential impact of circa-
dian variability on the nociceptive sensitivity, all experi-
ments were carried out within the timeframe of 9-12 a.m.
[14]. Diligent measures were implemented to alleviate
pain and distress, as well as to minimize the quantity of
experimental animals employed. Every individual mouse
was tested only once.

2. Chemicals and drugs

Morphine sulfate was acquired from Temad Co. Indo-
methacin, naloxone hydrochloride, atropine, chlorphe-
niramine, cimetidine, flumazenil, cyproheptadine, Folin-
Ciocalteu reagent, gallic acid (GA), rutin, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), and ascorbic acid were
purchased from Sigma Chemical Co. Formaldehyde
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(37%), acetic acid, sodium carbonate (with the chemi-
cal formula Na,CO,), sodium nitrite (with the chemical
formula NaNO,), aluminum chloride (with the chemical
formula AICL), and sodium hydroxide (with the chemical
formula NaOH) were obtained from Merck Co. All drugs
and chemicals were dissolved in normal saline (0.9%
NaCl) as the solvent. All solutions were newly prepared
directly prior to intraperitoneal (i.p.) administration at a
dosage of 10 mL/kg body weight. All the test doses of the
drugs used in this study and drug administration sched-
ules were determined based on the previous reports and
the authors’ unpublished pilot studies [2,3,11,15,16].

3. Preparation of hydroethanolic extract from
C. scolymus L.

The recently harvested leaves of C. scolymus were ob-
tained from the Dineh Pharmaceutical Research Center,
spanning the months of April to July in the year 2022.
The expert in the field of botany carried out the process
of identifying and authenticating the plant material. The
leaves of the artichoke were subjected to a cleaning pro-
cess, followed by slicing into smaller fragments. These
fragments were then exposed to air-drying at room tem-
perature while being shaded. Subsequently, the dried
fragments were subjected to grinding with a laboratory
grinder, resulting in the production of a powdered form.
The powder underwent three rounds of extraction by
employing a blend of ethanol and water (at a ratio of
70:30, v/v) over a period of 72 hours. The hydroethanolic
extract effectively traversed the filter paper, specifically
using Whatman No. 1 filter paper. The filtrate underwent
a process of evaporation using a rotary evaporator within
a vacuum setting, with the intention of removing the sol-
vent, at a temperature of 40°C. The dried extract was pre-
served at a temperature of 4°C until it was necessary for
implementation in the conducted investigations. Normal
saline, a solution containing 0.9% sodium chloride, was
introduced into the desiccated extract for pharmacologi-
cal studies. The concentrations of C. scolymus at 50, 100,
and 200 mg/kg were achieved just before use [11].

4. Measurement of total phenolic content (TPC)

The quantification of the TPC present in the HECS was
performed utilizing the Folin-Ciocalteu assay, as depict-
ed in a previous study [17] with a few alterations. Briefly,
the mixture was prepared by combining 1 mL of various
concentrations of the HECS with 0.5 mL of the Folin-
Ciocalteu reagent (1:10 v/v distilled water). After a period
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of incubation at ambient temperature lasting 3 minutes, a
volume of 1 mL of Na,CO,, which possessed a concentra-
tion of 20% was introduced into the blend and permitted
to remain undisturbed for a duration of 60 minutes in a
location devoid of light. Following this, the absorbance
was quantified at a wavelength of 725 nm utilizing a spec-
trophotometer (Human crop, Xma-2000). The calibration
curve was devised employing GA within the concentra-
tion range of 12.5-200 pg/mL. The quantification of TPC
was articulated in terms of mg of gallic acid equivalents
(GAE) per gram of desiccated extract.

5. Measurement of total flavonoid content (TFC)

The assessment of the C. scolymus extract's TFC was con-
ducted through the utilization of the aluminum chloride
colorimetric assay [18], incorporating minor adjustments
in the process. Initially, a combination of 1 mL of extract
and 4 mL of distilled water was prepared. Following this,
an additional volume of 0.3 mL of a solution containing
5% sodium nitrite (NaNO,) was introduced to a volumet-
ric flask with a capacity of 10 mL. After 5 minutes, a vol-
ume of 0.3 mL of a solution containing 10% aluminium
chloride (AICl,) was introduced. After a duration of 6
minutes, an additional 2 mL of a 1 M solution of sodium
hydroxide (NaOH) were introduced into the mixture,
followed by the subsequent incorporation of 2.4 mL of
distilled water. Subsequent to the incubation of the re-
sulting mixture at ambient temperature for a period of 15
minutes, the absorbance of said mixture was assessed at a
wavelength of 510 nm. The quantification of the TFC was
then expressed as mg of rutin equivalents (RE) per gram
of the desiccated extract.

6. Assessment of the antioxidant property by DPPH
free radical scavenging assay

The assessment of the antioxidant characteristic of the
extract was conducted by means of the utilization of the
DPPH assay for the eradication of free radicals [19,20],
with a few alterations implemented. Briefly, 1 mL of dif-
ferent concentrations of the HECS were combined with 1
mL of DPPH solution, which contained 0.135 mM DPPH
in methanol. The mixtures were shaken and maintained
in darkness at room temperature for a duration of 30
minutes. The absorbance was measured at 517 nm on a
visible light spectrophotometer. To act as a benchmark,
ascorbic acid was employed as a positive control. The
experiment was conducted three times independently,
and an average of the outcomes was documented. The
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calculation of the DPPH radical scavenging activity (RSA)
of the extract was determined by applying a mathemati-
cal equation to obtain the percentage inhibition.

(Absorbance of control — Absorbance of sample) %

% RSA = 100

(Absorbance of control)

Where the absorbance of the DPPH radical + methanol is
denoted as Absorbance of control while the absorbance
of the DPPH radical + sample extract is referred to as
Absorbance of sample. The IC;, value was defined as a
concentration (expressed in pg/mL) of sample needed to
eliminate 50% of DPPH free radical.

7. Estimation of acute toxicity in mice

The previous study [8] assessed the i.p. administration of
HECS for acute toxicity. A total of 7 groups, each consist-
ing of 6 mice, were randomly assigned. The mice were
housed in controlled environments, where they were
provided with ample amounts of food and water without
any restrictions, except for a brief fasting period prior to
the extract administration. The control group was treated
with a dosage of 10 mL/kg of normal saline, while groups
2-6 were given increasing doses (50, 100, 200, 400, 600
and 1,000 mg/kg) of the artichoke extract. The behavior
and neurological changes of the treated mice were con-
tinuously monitored for 1 hour after dosing, at regular
intervals during the first 24 hours, and then at 72 hours to
assess lethality.

8. Locomotor activity

The open-field test (OFT) was utilized to evaluate the
potential impact of HECS on spontaneous locomotor ac-
tivity and exploratory behavior in mice, as previously out-
lined [4,21]. The OFT was conducted within a transparent
glass enclosure with dimensions precisely measured at
40 cm x 60 cm x 50 cm, featuring a floor divided into 12
equal squares. To allow for adaptation, mice from each
respective group were individually introduced to the ap-
paratus and given 30 minutes of acclimation time. Subse-
quently, the mice were administered either normal saline
(10 mL/kg) or varying dosages of HECS (50, 100, and 200
mg/kg) via i.p. injection, and after a 30-minute interval,
they were positioned in the center of the enclosure. The
quantity of squares traversed with all paws and the fre-
quency of rearings were meticulously documented over a
10-minute period.

9. The assessment and analysis of the analgesic
activity of HECS and possible mechanisms
involved

1) Formalin test

The formalin test is a pain assessment procedure in
mice [22]. To mitigate the activation of pain suppression
mechanisms caused by stress, the mice were subjected to
a pain test after being confined in an observation cham-
ber made of plexiglas. This chamber had dimensions of
30 cm x 30 cm x 30 cm and featured a mirror positioned
at a 45° angle beneath it. This confinement lasted for a
duration of 30 minutes and was repeated for three con-
secutive days [23]. The current examination was carried
out in conformity with the procedure delineated by Mo-
hammadifard and Alimohammadi [3]. After a period of
adaptation lasting 30 minutes, the mice were subjected to
an injection of a 2% diluted formalin solution, measuring
50 pL, into the subcutaneous layer of the plantar surface
of their right hind paw, using a 30-gauge needle. Subse-
quent to the formalin injection, the mice were promptly
reintroduced into the observation chamber. The dura-
tion devoted to the action of licking and biting the paw
that had been injected was documented as a nociceptive
reaction within two designated time intervals: the initial
phase, known as the neurogenic phase, spanning from
0-5 minutes, and the subsequent phase, referred to as the
inflammatory phase, encompassing a timeframe of 15-45
minutes post formalin injection.

Seven different sets of experiments were examined in
the formalin test in the subsequent manner. In experi-
ment 1, animals were segregated into 5 distinct treat-
ment groups with each group consisting of 6 animals
and afterwards, for evaluating the antinociceptive effects
of artichoke extract, vehicle (normal saline, 10 mL/kg),
HECS (50, 100 and 200 mg/kg) and morphine (5 mg/kg)
were administered intraperitoneally (i.p.) in each group
30 minutes before induction of formalin pain. The time
which the animal engaged in the act of licking or biting
the paw that had been injected was assessed in two sepa-
rate stages subsequent to the administration of formalin,
as previously stated. Subsequently, the optimal dosage of
HECS was selected for the remaining experimental pro-
cedures.

In experiments 2 to 7, in order to investigate the various
mechanisms through which HECS induces antinocicep-
tion, the mice were partitioned into 4 groups, with each
group consisting of 6 mice and subjected to different
drug treatments. In experiment 2, a study was conducted
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to explore the potential involvement of the opioidergic
system in the antinociceptive effects of the HECS. In or-
der to achieve this, mice were pretreated with naloxone
(a non-selective antagonist of opioid receptors, 2 mg/
kg, i.p.) and 15 minutes later received HECS (200 mg/kg,
i.p.) followed by the formalin test after 15 minutes. Other
groups of animals received only vehicle (normal saline,
10 mL/kg), naloxone (2 mg/kg, i.p.), or HECS (200 mg/kg,
i.p.). After 30 minutes, the animals were subjected to the
formalin test. Experiments 3, 4, 5, 6, and 7 were similar
to experiment 2 except that to investigate the possible
involvement of the cholinergic, H,-histaminergic, H,-
histaminergic, GABAergic, and serotonergic systems in
the HECS-induced analgesic effect, mice were pretreated
with atropine (a non-selective muscarinic cholinergic
antagonist, 1 mg/kg, i.p.), chlorpheniramine (a histamine
H,-receptor antagonist, 20 mg/kg, i.p.), cimetidine (a his-
tamine H,-receptor antagonist, 12.5 mg/kg, i.p.), flumaze-
nil (a GABA,/BDZ receptor antagonist, 5 mg/kg, i.p.), and
cyproheptadine (a serotonin receptor antagonist, 4 mg/
kg, i.p.) in place of naloxone, respectively, and 15 minutes
later received HECS (200 mg/kg, i.p.) followed by the for-
malin test after 15 minutes. Similarly, as mentioned ear-
lier in experiment 2, the remaining animal groups were
administered with only vehicle (normal saline, 10 mL/
kg), atropine (1 mg/kg, i.p.), chlorpheniramine (20 mg/
kg, i.p.), cimetidine (12.5 mg/kg, i.p.), flumazenil (5 mg/
kg, i.p.), and cyproheptadine (4 mg/kg, i.p.), respectively,
or HECS (200 mg/kg, i.p.). After 30 minutes, the animals
were subjected to the formalin test.

2) Acetic acid-induced writhing test

To assess the peripheral analgesic effect of HECS in a
chemical visceral pain model, this experiment was con-
ducted utilizing the previously documented technique
[24,25]. The mice were introduced into a plexiglas ob-
servation chamber with dimensions of 40 cm x 30 cm x
20 cm for a period of 30 minutes in order to familiarize
them with the experimental environment. Subsequently,
the mice were subjected to the administration of the test
preparations. After a period of 30 minutes, each mouse
was administered with a dose of 10 mL/kg of acetic acid
solution with a concentration of 0.6%, intraperitoneally.
This administration was done using a 30-gauge injec-
tion needle. Following the immediate administration of
acetic acid, the occurrence of abdominal writhing in each
mouse was meticulously observed and documented for a
duration of 30 minutes. Abdominal constriction, elonga-
tion of the body, and extension of at least one hind limb
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serve as distinct indicators of a writhe.

Seven sets of experiments in the acetic acid-induced
writhing test were considered as follows. In experiment
1, animals were segregated into five treatment groups
with each group consisting of 6 mice. To ascertain the
antinociceptive impact of artichoke extract, the admin-
istration of vehicle, HECS (at a dosage equivalent to that
of the formalin test), and indomethacin (at a dosage of
5 mg/kg) was performed via i.p. injection, 30 minutes
prior to the acetic acid injection. Subsequently, the tally
of writhes observed within a 30 minutes timeframe was
recorded, and the most efficacious dosage of HECS was
chosen for the subsequent experiments. Experiments 2
to 7 were formulated to evaluate the mechanisms im-
plicated in the analgesic impact of artichoke extract. In
order to achieve this objective, the mice were partitioned
into 4 groups, each consisting of 6 mice, and subjected to
various compounds. In experiment 2, the objective was
to examine the potential involvement of the opioidergic
system in the analgesic effects of HECS. To achieve this,
mice were given a pretreatment of naloxone (2 mg/kg,
i.p.) 15 minutes prior to the administration of HECS (200
mg/kg, i.p.). The calculation of the writhing nociceptive
response, which arises from the injection of acetic acid
with a concentration of 0.6%, was conducted after a time
interval of 30 minutes subsequent to the administration
of HECS. Additional animal groups were subjected to
solely vehicle, naloxone (2 mg/kg, i.p.), or HECS (200 mg/
kg, i.p.) 30 minutes prior to the injection of acetic acid.
In experiment 3, the aim was to evaluate the interplay
between the HECS compound and the cholinergic sys-
tem. To achieve this, mice were pre-exposed to atropine
(1 mg/kg, i.p.) 15 minutes prior to the administration of
HECS (200 mg/kg, i.p.). The calculation of the nocicep-
tive response, induced by the introduction of acetic acid
(0.6%), was performed after a period of 30 minutes sub-
sequent to the administration of HECS. Additional groups
of animals were subjected solely to the administration of
the vehicle, atropine (1 mg/kg, i.p.), or HECS (200 mg/
kg, i.p.) 30 minutes before the injection of acetic acid.
In order to explore the potential mediation of the hista-
minergic system in the antinociceptive effect of HECS,
mice in experiments 4 and 5 were pre-administered with
chlorpheniramine (20 mg/kg, i.p.) or cimetidine (12.5
mg/kg, i.p.), respectively. After a 15 minutes interval, the
mice were subsequently administered HECS (200 mg/kg,
i.p.). The calculation of the nociceptive response, which
is characterized by writhing, was performed 30 minutes
following the administration of HECS subsequent to the
injection of acetic acid at a concentration of 0.6%. Other
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animal groups were administered with the vehicle, chlor-
pheniramine (20 mg/kg, i.p.), cimetidine (12.5 mg/kg,
i.p.), or HECS (200 mg/kg, i.p.) just 30 minutes before the
injection of acetic acid. In experiment 6, the purpose was
to investigate the potential role of the GABAergic system
in the antinociceptive effect of HECS. To accomplish this,
mice were given a pretreatment of flumazenil (5 mg/kg,
i.p.) 15 minutes prior to the administration of HECS (200
mg/kg, i.p.). The calculation of the nociceptive response,
which is characterized by writhing, resulting from the in-
jection of acetic acid (0.6%), was conducted after a period
of 30 minutes subsequent to the administration of HECS.
Groups of animals belonging to different categories were
administered with either a control substance, flumaze-
nil (5 mg/kg, i.p.), or HECS (200 mg/kg, i.p.), 30 minutes
prior to the injection of acetic acid. In experiment 7, to
investigate the possible contribution of the serotonin-
ergic system in the analgesic effect of HECS, mice were
pretreated with cyproheptadine (4 mg/kg, i.p.) 15 min-
utes before administration of HECS (200 mg/kg, i.p.). The
calculation of the writhing nociceptive response, which
is a result of the injection of acetic acid at a concentration
of 0.6%, was performed after a time period of 30 minutes
following the administration of HECS. Other categories of
creatures were administered solely with vehicle, cypro-
heptadine (4 mg/kg, i.p.), or HECS (200 mg/kg, i.p.). After
a time lapse of 30 minutes, these creatures were evalu-
ated through the utilization of the acetic acid-induced
writhing test.

10. Statistical analysis

The acquired data were meticulously prepared in Mi-
crosoft Excel software and consequently subjected to
rigorous scrutiny by means of one-way analysis of vari-
ance and employing Tukey’s HSD post-hoc examination,
utilizing the statistical software package SPSS Version 21
for Windows (SPSS, Inc.). The outcomes of the analysis
were appropriately conveyed as means + standard er-
ror of mean. It is worth noting that a P value that is lower
than 0.05 was deemed indicative of a significant disparity
between the various groups under investigation.

RESULTS

1. Acute toxicity test

In the experiment evaluating the acute toxicity of the
HECS on the mice, it was noted that there were no note-

Table 1. Total phenolic content (TPC), total flavonoid content
(TFC) and DPPH radical scavenging activity 1C5, value of the
hydroethanolic extract of Cynara scolymus (HECS)

Sample TPC (mgGAE/g  TFC (mgRE/g DPPH
P dry extract) dry extract) (IC50: pg/mL)
HECS 59.49+557 93.39+1716 161.32+0.03

Values are presented as mean + standard error of mean.
DPPH: 2,2-diphenyl-1-picrylhydrazyl.

worthy alterations in behavior or mortality rates among
them when subjected to increasing doses of the HECS
(50-1,000 mg/kg) following a singular i.p. administration,
within the initial 72 hours observation period. Therefore,
LD, of the C. scolymus extract was deemed to exceed
1,000 mg/kg.

2. TPC, TFC and RSA (DPPH assay)

As shown in Table 1, TPC and TFC of the artichoke ex-
tract were 59.49 + 5.57 (mgGAE/g dry extract) and 93.39 +
17.16 (mgRE/g dry extract), respectively. The DPPH RSA
of the HECS, as evidenced by the IC,, value, was observed
to be 161.32 + 0.03 pg/mL (Table 1).

3. Effect of HECS on the formalin-induced
nociception

The administration of formalin 2% via intraplantar injec-
tion elicited a biphasic pain-related response encom-
passing both the first and the second phases. The admin-
istration of HECS at a dosage of 50 mg/kg did not exhibit
any discernible impact on the first phase (P = 0.158),
conversely, it notably inhibited the second phase of
formalin-induced pain [F(4,25) = 42.87, P = 0.011]. How-
ever, HECS (100 and 200 mg/kg) produced significant
antinociception in a dose-dependent manner in the first
phase [F(4,25) = 52.27, P < 0.001] as well as the second
phase [F(4,25) = 42.87, P < 0.001]. As anticipated, the con-
ventional medication morphine exhibited a substantial
decrease in the nociceptive reaction during both the first
[F(4,25) = 52.27, P < 0.001] and second [F(4,25) = 42.87, P
< 0.001] stages of the formalin test (Fig. 1A).

4. Investigation of some possible mechanisms of
antinociceptive effect of HECS in the formalin
test

Since the dose of 200 mg/kg of the HECS exhibited the

highest rate of efficacy, all subsequent experiments per-
taining to the exploration of the mechanisms governing
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the analgesic impact of the extract were conducted using
this dose.

5. Involvement of the opioidergic system

The administration of naloxone (2 mg/kg) alone did not
yield any statistically significant outcome during both
the first phase (P = 0.971) and second phase (P = 0.962).
HECS, administered at a dose of 200 mg/kg, exhibited a
significant reduction in the duration of licking and biting
of the paw upon injection during both the first [F(3,20)
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First phase
(0-5 min)

Second phase
(15-45 min)

First phase Second phase
(0-5 min) (15-45 min)

Fig. 1. Effect of HECS (50, 100 and 200 mg/kg) and morphine (5 mg/kg) on
the formalin-induced pain responses (A). Effect of pretreatment with naloxone
(non-selective opioid receptors antagonist, 2 mg/kg) (B
muscarinic receptor antagonist, 1 mg/kg) (C
H,-receptor antagonist, 20 mg/kg) (
tagonist, 12.5 mg/kg) (
kg) (F) and cyproheptadme (serotonin receptor antagonist, 4 mg/kg) (
antinociceptive activity of HECS in formalin-induced pain responses. Data are
expressed as mean * standard error of mean (n = 6 mice in each group). Data
were analyzed using one-way ANOVA followed by Tukey’s HSD post-hoc test.
HECS: hydroethanolic extract of Cynara scolymus. *P < 0.05: compared with
control group in each phase. *P < 0.05: compared with HECS (200 mg/kg)-
treated group in each phase.

), atropine (non-selective
), chlorpheniramine (histamine
), cimetidine (histamine H,-receptor an-
flumazenll GABAA/BDZ receptor antagonist, 5 mg/
G) on the

=9.73, P < 0.001] and second [F(3,20) = 17.17, P < 0.001]
pain phases. Furthermore, prior administration of nalox-
one (2 mg/kg) effectively counteracted the antinocicep-
tive effects induced by the administration of HECS (200
mg/kg) during both the first [F(3,20) =9.73, P = 0.015] and
second [F(3,20) = 17.17, P = 0.009] pain phases (Fig. 1B).

6. Involvement of the cholinergic system

Atropine administered at a dose of 1 mg/kg did not in-
duce any significant alteration in pain intensity during
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both the first (P = 0.960) and second (P = 0.851) phases.
The administration of HECS at a dose of 200 mg/kg led
to a notable reduction in pain induced by formalin dur-
ing both the first [F(3,20) = 16.47, P < 0.001] and second
[F(3,20) = 11.73, P < 0.001] phases of the experiment. Fur-
thermore, the pretreatment with atropine at a dose of 1
mg/kg significantly impeded the analgesic effect of HECS
at a dose of 200 mg/kg, but specifically during the second
phase of pain [F(3,20) = 11.73, P = 0.027] (Fig. 1C).

7. Involvement of the histaminergic system

Injection of chlorpheniramine (20 mg/kg) alone did not
elicit any significant change in the pain response during
both the first and second phases (P = 0.986 and P = 0.910,
respectively). The administration of HECS (200 mg/
kg) effectively suppressed nociception in both the first
[F(3,20) = 20.70, P < 0.001] and second [F(3,20) = 32.43,
P < 0.001] phases of the formalin test. Interestingly, the
antinociceptive activity of HECS (200 mg/kg) remained
unaffected by prior treatment with chlorpheniramine in
both the first (P = 0.976) and second (P = 0.998) phases
of the test (Fig. 1D). Similarly, the injection of cimetidine
(12.5 mg/kg) alone had no significant impact on the pain
response observed during the first (P = 0.910) and second
(P = 0.979) phases. Moreover, a notable suppression of
formalin-induced nociception was observed with the ad-
ministration of HECS (200 mg/kg) in both the first [F(3,20)
=19.25, P < 0.001] and second [F(3,20) = 28.11, P < 0.001]
phases of the test. Notably, pretreatment with cimetidine
failed to reverse the analgesic effect of HECS (200 mg/kg)
in both the first (P = 0.994) and second (P = 0.997) phases
of the test (Fig. 1E).

8. Involvement of the GABAergic system

Flumazenil (5 mg/kg) did not yield any substantial impact
on the pain response during the first phase (P = 0.680) or
the second phase (P = 0.712). Conversely, the administra-
tion of HECS (200 mg/kg) considerably impeded the pain
experienced during both the first phase [F(3,20) = 10.96, P
< 0.001] and the second phase [F(3,20) = 13.32, P < 0.001]
of formalin-induced pain. Furthermore, prior treatment
of mice with flumazenil (5 mg/kg) significantly counter-
acted the antinociceptive response induced by HECS (200
mg/kg) during both the first phase [F(3,20) = 10.96, P =
0.004] and the second phase [F(3,20) = 13.32, P = 0.003] of
pain behavior (Fig. 1F).

9. Involvement of the serotonergic system

The administration of cyproheptadine (4 mg/kg) did not
result in any considerable changes in pain throughout
either the first (P = 0.829) or second (P = 0.985) phases.
However, when HECS (200 mg/kg) was administered,
there was a notable decrease in pain behaviors caused
by formalin in both the first [F(3,20) = 12.98, P < 0.001]
and second [F(3,20) = 24.79, P < 0.001] phases of the test.
Interestingly, pretreatment with cyproheptadine (4 mg/
kg) did not reverse the observed antinociception after the
administration of HECS (200 mg/kg) in both the first (P =
0.992) and second (P = 0.869) phases of the test (Fig. 1G).

10. The impact of HECS on nociception caused by
acetic acid

The extract derived from the C. scolymus exhibited a sub-
stantial and dose-dependent decline in the count of ace-
tic acid-induced writhing episodes in response to doses
of 50, 100, and 200 mg/kg, in contrast to the control group
[F(4,25) =19.36, P=0.041, P = 0.013, P < 0.001, respective-
ly]. Furthermore, the utilization of indomethacin (5 mg/
kg) exhibited a notable reduction in the occurrence of
writhing episodes in contrast to the control group [F(4,25)
=19.36, P < 0.001] (Fig. 2A).

11. Investigation of some possible mechanisms of
analgesic activity of HECS in the acetic
acid-induced writhing test

Given that the HECS (200 mg/kg) was shown to be the
most efficacious, all subsequent inquiries into the elu-
cidation of the underlying mechanisms of the extract's
antinociceptive effect were done using this dose.

12. Involvement of the opioidergic system

Naloxone administered at a dose of 2 mg/kg did not elicit
any notable alteration in the acetic acid-induced writhing
response (P = 0.960). The administration of HECS (200
mg/kg) resulted in a marked decrease in the occurrence
of abdominal writhes in comparison to the control group
[F(3,20) = 14.88, P < 0.001]. Furthermore, the analgesic
effect caused by HECS was markedly diminished when
naloxone (2 mg/kg) was given before the HECS (200 mg/
kg) [F(3,20) = 14.88, P = 0.002] (Fig. 2B).

www.epain.org 225



Kj P Pegah Yaghooti and Samad Alimoahmmadi

A g B g0- C s0- D go-
2] 2] 2] 2]
o T o — ) —+ <)
£ 60 \ £ 60 T £ 601 , Eeo-{_ K
s s s 5
5 40 - 5 40 - 5 40 - S 40 - .
5 : & T & T & x
Ne) * Ne) o) o
£ 20- £ 20- £ 20 £ 20
Z z Z Z
0 T T T 0 T T 0 T T 0 T T
SRR IRS IR & & ® SRS IR SRR R
S S © NN SN (RN SR ORI
PSRRI NN RN N LV
P oo P & o5 o & o7 o & o ©
K & &S o & &L & S & &
S & ¥ S LIS N & &I
N Y{.@ Q{Q\ é}(\ Y{Q\
S S © S
N < < &
q N o
N NG
@ @ @
+0 OQ\ &
S S &
N ¥ N
é(\QJ
©
0‘(\
E g0- F 80 G g
& | & | 5 |rq
£ 60 A < 60 A . £ 60 A
s s s
5 40 - . x5 404 . S 40 - L
3 3 g
£ 20- £ 20- £ 20
=) =) =)
=z P4 P4
O T T O T T O T T
\go t{.@ Q{Q\ t{.@ \\0 Q{Q N\ Q’\ t{.@ \gc} %9\ Y{Q Q{Q\
SO & O & & & O & ® ®
SN & &S NS
NI ARG VR
W @ IR . & &
S O o & o o S oY o5
ENER OIS ~N 7R «60?9 Y
(¢ Q\\S} &‘9\ o q\\{g\
& & ¢
° N ™
N Q
O Q)(\ 6\(\
. \(\Q) (b'l/ N4
IR & &
Q) < O
o <
)

Fig. 2. Effect of HECS (50, 100 and 200 mg/kg) and indomethacin (5 mg/kg) on the acetic acid-induced writhing (A). Effect of
pretreatment with naloxone (non-selective opioid receptors antagonist, 2 mg/kg) (B), atropine (non-selective muscarinic receptor
antagonist, 1 mg/kg) (C), chlorpheniramine (histamine H,-receptor antagonist, 20 mg/kg) (D), cimetidine (histamine H,-receptor an-
tagonist, 12.5 mg/kg) (E), flumazenil (GABA,/BDZ receptor antagonist, 5 mg/kg) (F) and cyproheptadine (serotonin receptor antago-
nist, 4 mg/kg) (G) on the antinociceptive activity of HECS in acetic acid-induced writhing. Data are expressed as mean + standard
error of mean (n = 6 mice in each group). Data were analyzed using one-way ANOVA followed by Tukey’s HSD post-hoc test. HECS:
hydroethanolic extract of Cynara scolymus. *P < 0.05: compared with control group. *P < 0.05: compared with HECS (200 mg/kg)-
treated group.

13. Involvement of the cholinergic system ings induced by acetic acid [F(3,20) = 14.64, P < 0.001].
Furthermore, pretreatment with atropine (1 mg/kg) an-

Atropine (1 mg/kg) exhibited no discernible effect on tagonized the HECS (200 mg/kg)-induced antinocicep-

pain intensity when administered independently (P = tion [F(3,20) = 14.64, P = 0.033] (Fig. 2C).

0.994). Conversely, the administration of HECS (200 mg/

kg) led to a significant reduction in the number of writh-
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Fig. 3. Effect of treatment of mice
with HECS (50, 100 and 200 mg/
kg) on the number of crossings (A)
and number of rearings (B) in the
open-field test. Data are expressed
as mean * standard error of mean
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14, Involvement of the histaminergic system

Chlorpheniramine (20 mg/kg) did not elicit any discern-
ible impact on the quantity of abdominal writhes (P =
0.999). In contrast, the administration of HECS (200 mg/
kg) significantly diminished the number of abdominal
writhes when compared to the control group [F(3,20) =
26.19, P < 0.001]. It is noteworthy to mention that the an-
algesic effect produced by HECS (200 mg/kg) remained
unaffected by prior treatment with chlorpheniramine
(20 mg/kg) (P = 0.989) (Fig. 2D). On the other hand, the
administration of cimetidine (12.5 mg/kg) alone did not
yield any noteworthy alteration in nociceptive behavior (P
=0.737). In contrast, HECS (200 mg/kg) displayed a sub-
stantial antinociceptive effect against acetic acid-induced
nociception [F(3,20) = 18.42, P < 0.001]. Furthermore,
pretreatment with cimetidine (12.5 mg/kg) did not im-
pede the antinociceptive activity of HECS (200 mg/kg) (P
= 0.859) (Fig. 2E).

15. Involvement of the GABAergic system

Flumazenil (5 mg/kg) alone did not yield any impact on
the magnitude of pain experienced (P = 0.515). Converse-
ly, when HECS (200 mg/kg) was administered, it success-
fully alleviated the writhing responses observed in mice
due to the introduction of acetic acid [F(3,20) = 16.37, P <
0.001]. Furthermore, the HECS-induced antinociception
was completely nullified with the prior administration of
flumazenil at a dose of 5 mg/kg [F(3,20) = 16.37, P = 0.019]
(Fig. 2F).

16. Involvement of the serotonergic system

Cyproheptadine (4 mg/kg) did not elicit any effect on
the nociceptive response associated with writhing (P =
0.998). Conversely, the administration of HECS (200 mg/
kg) demonstrated a notable and considerable decrease

(n = 6 mice in each group). HECS:
hydroethanolic extract of Cynara

50 100 200

HECS (mg/kg, i.p.) scolymus, i.p.: intraperitoneal.

in the occurrence of abdominal writhes [F(3,20) = 22.45,
P < 0.001]. In spite of that, it is noteworthy to mention
that the HECS's ability to inhibit the writhing response
exhibited no alteration whatsoever, even in situations
where the mice were administered cyproheptadine as a
pretreatment at a dosage of 4 mg/kg (P = 0.910) (Fig. 2G).

17. Effect of HECS on the locomotor activity
observed in the OFT

In the current investigation, the administration of HECS
using doses of 50, 100, and 200 mg/kg, intraperitoneally,
did not elicit any discernible impact on the locomotor
activity observed in the OFT. The number of crossings
[F(3,20) = 1.582, P = 0.225] and rearings [F(3,20) = 2.058,
P =0.138] in the groups treated with HECS did not exhibit
any remarkable divergence when comparing with the
control group during a duration of 10 minutes (Fig. 3).

DISCUSSION

To the best of the authors’ understanding, this study
presents the initial account of the analgesic attribute ex-
hibited by the C. scolymus and its potential interplay with
the opioidergic, cholinergic, histaminergic, GABAergic,
and serotonergic mechanisms. These interactions were
explored by means of chemical-induced pain models,
specifically the formalin and acetic acid-induced writh-
ing tests conducted on mice.

Pain is defined as a distressing sensation that is associ-
ated with harmful external stimuli, which may induce tis-
sue damage [26]. In recent times, a multitude of thorough
and comprehensive inquiries have been conducted in
relation to the efficacious botanical species because of
their advantageous impact on pain management. When
formalin is injected into the plantar region of the hind
paw of rodents, it results in the manifestation of a distinct
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and recognizable two-phase pattern of nociceptive be-
haviors, wherein different mechanisms of pain modula-
tion contribute. The first phase, known as the neurogenic
phase, occurs immediately following formalin admin-
istration and is a consequence of direct activation of C-
fiber nociceptors located in the dorsal horn region of the
spinal cord. The suppression of this particular phase is a
possibility that can be achieved through the administra-
tion of centrally acting analgesics. The second phase,
referred to as the inflammatory phase, arises from the
liberation of various inflammatory mediators exemplified
by bradykinin, histamine, prostaglandins, and serotonin
subsequent to formalin-induced tissue damage. The
use of NSAIDs and steroids can effectively alleviate this
particular phase, alongside compounds that act centrally
[27]. The well-documented writhing test induced by ace-
tic acid provides evidence for the engagement of periph-
eral mechanisms. This phenomenon can be attributed to
the fact that the presence of acetic acid has been found to
elicit a response in the form of the activation and subse-
quent release of various inflammatory mediators and cy-
tokines including interleukin (IL)-1p, IL-8, and TNF-q.. It
has been observed that resident peritoneal macrophages
and mast cells are the primary sources of these chemi-
cal messengers [28]. Consequently, this test is utilized to
evaluate the effectiveness of novel compounds possess-
ing peripheral analgesic activity [29)].

The results of the current investigation clearly dem-
onstrated that the i.p. delivery of the HECS exhibited a
considerable decline in both the length of time spent lick-
ing and biting the injected paw, thereby highlighting the
noteworthy impact and dependency on the dosage of this
extract during both phases of the formalin test. Addition-
ally, the HECS also demonstrated a remarkable reduction
in the quantity of abdominal writhes noted during the
acetic acid-induced writhing test. Given the antinocicep-
tive effect observed in these two nociceptive models, it
can be inferred that the HECS operates through both cen-
tral and peripheral mechanisms.

Based on the results of the present research, TPC and
TEC of the artichoke extract were 59.49 + 5.57 (mgGAE/
g dry extract) and 93.39 + 17.16 (mgRE/g dry extract), re-
spectively. In addition, the DPPH RSA (a method to mea-
sure the antioxidant activity) of the extract, as indicated
by IC;, value, was 161.32 + 0.03 pg/mL. Based on litera-
ture data, numerous phenolic acids and flavonoid com-
pounds have been detected in the chemical composition
of C. scolymus [5,6]. The exploration of these substances
as agents with anti-inflammatory, antinociceptive, and
antioxidant properties in the context of medicinal plants
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has been the subject of investigation [30]. For example,
an antinociceptive effect was observed when chlorogenic
acid was administered in the experimental model of neu-
ropathic pain induced by streptozotocin in rats [31]. Fur-
thermore, chlorogenic acid demonstrated its antinocicep-
tive and anti-edematogenic properties in animal models
of inflammation evoked by carrageenin and pain induced
by formalin in rats [32]. By inhibiting the stimulation of
NF-kB and JNK/AP-1 signaling routes, chlorogenic acid
was able to suppress lipopolysaccharides-induced COX-
2 expression, thereby exhibiting its anti-inflammatory
action. Additionally, it was found that chlorogenic acid
exerts a potent inhibitory effect on the synthesis of PGE,,
further supporting its anti-inflammatory action [33]. Api-
genin, a naturally occurring flavonoid, demonstrated its
efficacy in alleviating the abdominal constrictions elic-
ited by acetic acid and also in mitigating the licking and
biting response evoked by formalin during the early and
late stages of the experiment [34]. Furthermore, luteolin,
another flavonoid compound, exhibited its anti-inflam-
matory properties [35] and elicited analgesic effects when
administered to mice suffering from acetic acid-induced
abdominal writhing. In addition, this compound has also
been shown to alleviate the second phase of pain behav-
ior induced by formalin administration [36]. Ethnophar-
macological investigations have additionally documented
that quercetin possesses the ability to impede nociceptive
responses in pain scenarios induced by the presence of
acetic acid, capsaicin, formalin, glutamate, as well as p-
benzoquinone, thereby inhibiting the ensuing pain and
preventing the elicitation of the writhing reflex in mice
[37,38]. Considering the aforementioned data, it can be
deduced that the existence and availability of phenolic
acids and flavonoid compounds within HECS may poten-
tially contribute, to a certain extent, to the antinocicep-
tive property observed in the current study. The HECS
administration at varying doses of 50, 100, and 200 mg/kg
did not demonstrate any discernible impact on the loco-
motor activity during OFT compared with mice receiving
normal saline solution. This finding implies that the pain-
relieving activity observed in this study was not linked
to any nonspecific disruptions in motor performance or
sedative repercussions.

Based on the objective of the current investigation, a
further exploration of the potential mechanisms contrib-
uting to the analgesic properties of HECS was conducted.
In this context, an assessment was made on the pain-al-
leviating impact triggered by HECS, with a specific focus
on the involvement of opioidergic, cholinergic, histamin-
ergic, GABAergic, and serotonergic pathways in formalin-
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and acetic acid-induced pain-related behaviors. It has
been documented that the engagement of diverse neu-
rotransmitter systems and signaling pathways in the anti-
nociceptive activity of novel therapeutic agents, including
medicinal plants, has been previously documented [39)].
The endogenous opioidergic system, along with its re-
ceptor subtypes, including mu (), delta (5), and kappa
(x), is situated in both the CNS and peripheral tissues. It
actively participates in a variety of functions, such as pain
modulation, analgesia, tolerance, and dependence [40].
Naloxone, an opioid receptor antagonist that exhibits
non-selectivity towards these receptors, effectively hin-
ders the binding of opioid receptors in both the spinal
and supraspinal regions [3]. The current investigation
showed that the preliminary administration of naloxone
to the experimental mice effectively and remarkably re-
versed the antinociceptive and pain-relieving properties
elicited by HECS, not only during the first stage but also
during the second phase of the formalin test, in addi-
tion to the acetic acid-induced writhing test. This finding
strongly suggests the active participation of opioid recep-
tors in the profound analgesic properties of HECS.
Cholinergic receptors hold significant importance in
the intricate process of transmission and modulation
of nociceptive information in both the central and pe-
ripheral nervous system [41,42]. It is evident that the ad-
ministration of atropine, a pharmacological compound
that acts as a non-selective antagonist of muscarinic
receptors, in mice resulted in the notable suppression of
the antinociceptive effect of HECS only during the sec-
ond phase of the formalin test as well as the acetic acid-
induced writhing test. However, the antinociceptive effect
of HECS during the initial phase of the formalin pain
model remained unaltered. This observation implies that
the engagement of cholinergic receptors plays a pivotal
role in the analgesic mechanism of action of the HECS.
Another crucial pain regulatory system in the CNS
is the GABAergic system. GABA serves as the primary
inhibitory neurotransmitter within the CNS. GABA re-
ceptors are distributed extensively throughout various
levels of the pain pathway, where they play a crucial role
in facilitating inhibitory actions and modulating the pro-
cessing of nociceptive information [43,44]. The authors’
findings demonstrate that the analgesic effects of HECS
were significantly reduced when mice were pretreated
with flumazenil, an antagonist of GABA,/BDZ receptor,
in models of chemically-induced nociception involving
formalin and acetic acid. Reversal of HECS-induced an-
algesia following pretreatment with flumazenil suggested
the potential engagement of GABA receptors in mediat-

ing the analgesic properties of HECS. These results align
with a previous study that reported a partial reversal of
the analgesic efficacy of chlorogenic acid through the
administration of bicuculline, an antagonist of GABA, re-
ceptor, in neuropathic pain in an experimental rat model
[45].

The involvement of histaminergic [46] and seroto-
nergic [47,48] systems in the nociceptive transmission
and modulation process in rodents has been extensively
documented in previous research. However, the findings
discovered in the current study offer empirical evidence
which strongly suggest that pretreatment of mice with
chlorpheniramine (a medication that acts as an antago-
nist of histamine H,-receptor), cimetidine (a type of drug
that works by blocking the action of histamine at the H,
receptor), and cyproheptadine (a serotonin receptor an-
tagonist) did not have any impact on the HECS-induced
analgesia. This suggests that the analgesic activity of the
HECS is not mediated through the histaminergic and se-
rotonergic pathways.

The current study had several important findings and
distinctive strengths, such as using various pharmaco-
logical experiments to elucidate neurotransmitter sys-
tems and signaling pathways involved in the analgesic
mechanism exerted by HECS and also the determination
of TPC, TEC and antioxidant activity of the HECS. It is
noteworthy, however, that there exist some limitations
when employing HECS in daily life. For example, further
clinical investigations and long-termuseof C. scolymus
are necessary to establish the effectiveness of HECS in
the alleviation of pain in human subjects. Moreover,
further fundamental research is warranted to explore
the involvement of alternate neurotransmitter pathways
and neuronal receptors in the analgesic impact of HECS,
with the utilization of specific agonists and antagonists at
these receptor sites.

Conclusively, the findings of the current investigation
establish, in a pioneering manner, that the HECS elicits
a potent antinociceptive response in mice subjected to
chemical-induced nociception models, and this effect is
contingent upon the dosage administered. Furthermore,
based on these findings, it can be inferred that the afore-
mentioned antinociceptive effect is, at least partially, in-
fluenced by the participation of opioidergic, cholinergic,
and GABAergic pathways. However, additional research
endeavors are necessary in order to provide further clari-
fication regarding the complex and multifaceted nature of
the intricate cellular and molecular signaling routes that
underlie these observed phenomena.
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