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Abstract

Background: Methamphetamine is a common addictive industrial substance. Medicinal plants such as Artemisia absinthium
L. with anti-inflammatory, antioxidant, analgesic, neuroprotective, antidepressant, and antipyretic properties may help patients

reduce withdrawal syndrome symptoms.

Methods: Five treatment groups received intraperitoneal (i.p.) injections of 3,4-methylenedioxymethamphetamine (MDMA)
and an ethanolic extract of A. absinthium diluted in 0.9% normal saline for 7 days. The animals were assigned to five groups:
Group 1 (Control): NaCl 0.9% + Naloxone (SN), administered daily via intraperitoneal (i.p.) injection; Group Il: MDMA +NaCl
0.9% + Naloxone (MSN), administered daily via i.p. injection; Groups IlI, IV, and V: MDMA + NaCl 0.9% + Naloxone + ethanolic
Artemisia absinthium extract at concentrations of 5%, 10%, and 25% (MSNA), respectively, administered daily via i.p. injection.
To induce withdrawal syndrome, two hours after the last injection of MDMA on the 7th day, naloxone was injected (i.p.) at a
dose of 1 mg/kg, and rats were quickly transferred to glass cylinders, and the symptoms of MDMA withdrawal syndrome based on
stomach cramp, diarrhea, bruxism, body dragging, and wet dog shakes were recorded within 30 minutes.

Findings: The MSN and MSNA 5% interventions may not be well-tolerated and could require reevaluation to minimize adverse
effects; however, MSNA 10% and MSNA 25% showed reduced severity, suggesting potential for better tolerability and effectiveness
in managing symptoms like writhing, body dragging, teeth chattering, and diarrhea.

Conclusion: It appears that 10% and 25% ethanolic extracts of A. absinthium can lessen certain behavioral signs associated with
animal addiction withdrawal. We need more research to optimize dosages for better results.
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Introduction

Addictive drug abuse is a serious problem for physical
and mental health,' severely reducing a person’s social
function? and potentially leading to death.! Amphetamines
are addictive,’ industrial substances and among the
most commonly used illegal substances worldwide after
hashish.* Between 2010 and 2020, the estimated global
amphetamine user population varied from 2.9 million in
Europe to 13.8 million in Asia, depending on the region.

This number was reported at 34.07 million people in 2020
worldwide.” Amphetamines stimulate the central nervous
system® and cause euphoria. Physical and psychological
dependence, as well as drug tolerance, develop quickly
in users. As the effects diminish, users experience
depression,” restlessness, and fatigue.® To overcome these
adverse effects, they become more inclined to consume
higher doses and, with continued use, suffer from various
physical and mental problems,’ including weight loss,'
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chronic skin lesions,' ischemic colitis,'? cerebrovascular
disease,"” myocardial infarction, heart failure,' high blood
pressure, depression, anxiety, and other mood disorders,
confusion, insomnia, and aggressive behavior. In cases of
severe abuse, people tend to commit suicide, engage in
criminal behavior, and engage in risky sexual behaviors,'
exposing themselves to sexually transmitted diseases
(HIV and hepatitis).”* Withdrawal symptoms appear
after stopping the use of amphetamines'” or naloxone.'
Withdrawal syndrome causes cravings, aggression,
depression, irritability, lethargy, poor concentration,
sleep disturbance, psychosis/hallucinations, loss of
pleasure, physical weakness, headache, body aches,
tearfulness, runny nose, fatigue, insomnia, diarrhea,
and dry mouth, which reach their peak within 24 hours.
Therefore, considering the harmful consequences that
both abuse and withdrawal of amphetamines impose on
the individual and society, measures should be taken to
deal with drug addiction and reduce the symptoms and
complications caused by withdrawal as much as possible."”
Using complementary therapies with medicinal plants is
one technique to help people experience less pain as they
have natural active ingredients and can reduce the costand
side effects of treating various phases of drug addiction
and dependency.’”? Wormwood, with the scientific name
Artemisia absinthium L. from the Asteraceae family,” is a
shrub and perennial medicinal plant native to Asia and
the Middle East, Europe, and North Africa.”? In various
studies, its antioxidants, its anti-inflammatory, analgesic,
and immunomodulatory activity, and its wound healing,
neuroprotective, hepatoprotective, antidepressant, and
antipyretic effects have been assessed.” Benkhaled et al
analyzed the essential oil of wormwood and showed its
antioxidant properties and its healing effect on wounds of
rats.”” Wubuli et al demonstrated the anti-inflammatory
effects of wormwood’s phytochemicals using the ultra-
performance liquid chromatography (UPLC) method.*
In an animal study, Bhat et al showed the antipyretic effect
of wormwood in rats,” and Ivanescu et al demonstrated
the analgesic effect of wormwood in mice.” Rahimi et
al also showed the neuroprotective effect of wormwood
in rats.”” Therefore, A. absinthium was chosen for this
animal study to take an effective step towards achieving
new methods to reduce methamphetamine addiction
withdrawal symptoms.

Materials and Methods

Animals and Housing

In this study, young adult male Wistar rats (10 weeks old)
weighing 250-280 grams (n=40) were used. The animals
were keptin the animal house of the Kerman Neuroscience
Research Center, Iran. Every animal was housed in a
climate-controlled environment with a relative humidity
of 55+15% and a temperature of 25+2 °C, following a
12-hour light/dark cycle. The rats had unlimited access to

water and normal pellet food.

Preparation of Drugs
3,4-Methylenedioxymethamphetamine (MDMA) was
obtained from Kerman Narcotics Control Headquarters
and sent to the Food and Drug Administration
Laboratory of Kerman University of Medical Sciences,
Iran, for analysis and purity check. The plant extract of
A. absinthium was procured from the medicinal plant
market in Kerman, Iran, and was approved by a botanist.
This plant has the herbarium number Kf1414 in Kerman
Faculty of Pharmacy, Kerman, Iran. One hundred grams
of flower powder from the plant was steeped in 500
milliliters of 80-degree ethanol for 24 hours to prepare
the ethanolic extract. The alcoholic extract was then
separated using the maceration process. The extract
was first concentrated using a rotating apparatus, then
strained and dried at 35 °C in an oven.

Experimental Groups

To investigate the protective effects of A. absinthium on
rats, the rats were ran symptoms of addiction withdrawal
in MDMA-exposed domly divided into five treatment
groups (eight rats in each). MDMA was dissolved in
normal saline (0.9% sodium chloride; 1 mg MDMA per
1 mL normal saline). Stock solutions were prepared and
administered via intraperitoneal (i.p.) injection at a daily
dose of 5 mg/kg for 7 days. During the 7 days, at the same
time as each MDMA injection, a 50 mg/kg A. absinthium
extract i.p. injection was performed.® Naloxone was
used to induce withdrawal syndrome syptoms.*® For this
purpose, two hours after the last injection of MDMA on
the 7th day, naloxone was injected i.p. at a dose of 1 mg/kg,
and rats were quickly transferred to glass cylinders with a
diameter of 25 cm and a height 0f 40 cm, and the symptoms
of MDMA withdrawal syndrome were recorded for 30
minutes. The symptoms of MDMA withdrawal, including
stomach cramps, diarrhea, bruxism, body dragging, and
wet dog shakes, with arating of zero (absence of symptoms),
one (presence of symptoms with low intensity), two
(presence of symptoms with moderate intensity), and
three (presence of symptoms with high intensity), were
recorded.”® Group I received normal saline (control,
NaCl 0.9% + naloxone [SN]), daily, i.p. Group II received
MDMA +NaCl 0.9% +naloxone (MSN), daily, i.p. Three
groups (IIL, IV, V) were treated with A. absinthium extract,
receiving MDMA +NaCl 0.9% + naloxone + ethanolic A.
absinthium extract 5%, 10%, or 25% (MSNA), daily, i.p.
Figure 1 shows the timeline chart of the protocol.

Ethical Issues

To comply with ethical standards, in non-experimental
conditions, the rats had free access to water and food.
After the experiment, the animals were euthanized using
standard and painless methods.
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Data Analysis and Statistics

Descriptive statistics, including mean ranks and standard
deviation (SD), were calculated for the variables of
interest. To assess the differences among intervention
groups where the assumptions for parametric tests were
not met, a Kruskal-Wallis test was employed. Dunn’s
multiple comparisons test was conducted to further
examine pairwise comparisons between the groups,
in case the Kruskal-Wallis test showed a significant
difference. Fisher’s exact test was conducted to examine
the association between groups and the presence of
wet dog shakes. A significance level of 0.05 was used
throughout the analyses, and statistical significance was
interpreted based on this criterion. All analyses were
conducted using IBM SPSS version 27, and the graphs
were generated using GraphPad Prism version 9.5.1.

Results
Table 1 compares the symptoms of the groups.

The comparison of symptom grades between groups
was conducted using the Kruskal-Wallis test. The mean
ranks and standard deviations of symptom grades for each
group were presented. P values were reported based on
the results of the Kruskal-Wallis tests for each symptom.

Figure 2 provides a graphical representation of the
pairwise comparisons conducted for each symptom,
highlighting statistically significant differences between
groups.

The figure presents the mean ranks and standard
deviations of symptom grades. Dunn’s pairwise
comparison tests were conducted to investigate differences
between groups in symptom grades. Only significant P
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values were displayed in the graphs.

Multiple comparison analyses revealed significant
differences in the severity of several behavioral symptoms
across the treatment groups. Significant differences
were observed in writhing severity between the SN and
MSNA 5% groups (P value=0.005), the SN and MSN
groups (P value=0.001), and the MSNA 25% and MSN
groups (P value=0.003). A significant difference in the
intensity of body dragging was found only between the
SN and MSNA 5% groups (P value=0.018). Significant
differences in teeth chattering intensity were noted in
several comparisons: between SN and MSNA 5% (P
value<0.001), SN and MSN (P value <0.001), MSNA 25%
and MSN (P value=0.001), and MSNA 25% and MSNA
5% (P value=0.004). Significant differences in the severity
of diarrhea were found between the SN and MSNA 5%
groups (P value=0.010), as well as between the SN and
MSN groups (P value=0.001).

The occurrence of wet dog shakes within each group is
detailed in Table 2.

The columns display the frequency and relative
frequency of the presence and absence of symptoms with
low intensity for each group. The P value reflects the
results obtained from Fisher’s exact test.

Table 2 shows that there is a significant difference in
the presence of wet dog shakes in different groups (P
value=0.005). In the MSN group, this sign was observed
in 87.5% of rats.

Discussion
The results of this study demonstrated that the 25%
concentration of A. absinthium ethanolic extract
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Figure 1. Timeline chart of the protocol

Table 1. Result of the Kruskal-Wallis test for comparison of groups

Writhing Body dragging Teeth chattering Diarrhea
Group
Mean ranks (SD)

SN 8.00 (0.00) 11.00 (0.00) 9.00 (0.00) 9.50 (0.00)
MSN 33.63 (6.19) 23.75(11.04) 33.50 (4.14) 29.88 (9.87)
MSNA 5% 26.88 (5.32) 27.25 (10.85) 31.50 (2.83) 27.13 (8.68)
MSNA 10% 20.00 (7.41) 20.25 (9.89) 16.50 (6.21) 18.00 (9.09)
MSNA 25% 14.00 (8.28) 20.25 (9.89) 12.00 (5.55) 18.00 (9.09)
P value <0.001 0.028 <0.001 0.001
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significantly alleviated stomach cramps and bruxism in
rats suffering from methamphetamine addiction. Notably,
no side effects were observed with this dosage of A.
absinthium  extract.  Additionally, a  significant
improvement in the wet dog shaking behavior was noted
across all three administered doses. This research
specifically ~evaluated symptoms associated with
withdrawal syndrome, including stomach cramps,
bruxism, diarrhea, body dragging, and wet dog shaking,
which are commonly reported manifestations of
withdrawal from addictive substances.”  Several
neurotransmitters, mainly dopamine, norepinephrine,
and serotonin (5-HT), are involved in methamphetamine
withdrawal symptoms. Methamphetamine significantly
increases dopamine levels in the brain, leading to feelings
of euphoria and increased energy during use. However,
upon withdrawal, there is a marked depletion of
dopamine, which contributes to physical symptoms such
as fatigue, lack of motivation, and intense cravings for the
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Figure 2. Pairwise comparisons of groups for each symptom

Table 2. The presence of wet dog shakes in different groups

drug. The drop in dopamine levels is a major factor in the
depressive symptoms experienced during withdrawal, as
dopamine is crucial for regulating mood and pleasure.
Serotonin is essential for mood stabilization and emotional
regulation. Chronic methamphetamine use disrupts
serotonin levels, leading to withdrawal symptoms that
include anxiety and mood swings. The reduction in
serotonin during withdrawal can exacerbate feelings of
dysphoria and emotional instability, making the
withdrawal experience more challenging. Norepinephrine
is involved in the body’s stress response and plays a role in
arousal and alertness. During withdrawal, the
dysregulation of norepinephrine can lead to increased
anxiety, agitation, and irritability, which are common
physical symptoms associated with methamphetamine
withdrawal. The abrupt cessation of methamphetamine
use leads to significant changes in these neurotransmitter
systems, resulting in a range of withdrawal symptoms that
can be both physically and psychologically distressing.
Understanding these mechanisms is crucial for developing
effective treatment strategies for individuals experiencing
methamphetamine withdrawal. Considering the key role
of neurotransmitters such as dopamine, serotonin, and
norepinephrine in withdrawal symptoms, it can be
concluded that the mechanism of action of medicinal
plants as complementary treatments for withdrawal
syndrome likely works by modulating these very neural
pathways.”? With the same view numerous studies have
explored the effects of various medicinal plants on
withdrawal symptoms from addictive substances. For
instance, in a clinical trial by Hashem-Dabaghian et al,
Sophora alopecuroides var. seed was shown to safely
reduce the symptoms of heroin withdrawal syndrome.”
The study by Rezaeian et al showed that berberine
improved anxiety behaviors and reduced relapses to
methamphetamine use in rats by regulating
neuroinflammation. Therefore, with further studies, it
can be considered as a potential new drug for the treatment
of methamphetamine addiction.** Another study by Koo
et al showed that Salviae miltiorrhizaen radix inhibits
superoxide generation by rat microglia and mimics the
action of amphetamines on rat dopamine release.
Therefore, it is a suit option to reduce withdrawal
symptoms of amphetamines.” In a study by Thangsaard
et al the dopaminergic transmission effects of two plants,
Thanbergia laurifolia Linn. and Simplocos racemosa Roxb,
were compared to amphetamine. The study showed that
the aqueous extract of Thanbergia laurifolia Linn.

SN MSN

MSNA 5%

MSNA 10% MSNA 25%

Variables ish Plvalue
Frequency (relative frequency) (Fisher's exact test)
Absence of symptoms 8 (1.000) 1(0.125) 4 (0.500) 4 (0.500) 6 (0.750)
Wet dog 0.005
shakes Presence of symptoms  ; 49 7 (0.875) 4(0.500) 4(0.500) 2 (0.250) '
with low intensity
4 | Addict Health. 2025;17:1578
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significantly increases the stimulation of dopamine release
in the brain of rats addicted to amphetamine and can be a
good option for reducing the withdrawal symptoms of
amphetamine addiction, including methamphetamine,
but Simplocos racemosa Roxb had no such effect.® Also,
the therapeutic effects of A. absinthium on
methamphetamine withdrawal symptoms can be
understood through its interaction with the same
neurotransmitter systems that are significantly affected
during withdrawal.”” A. absinthium has been shown to
have several compounds, such as quercetin and rutin, that
may positively influence neurotransmitter balance and
alleviate withdrawal symptoms.® A. absinthium may
influence dopamine pathways. The plant contains
flavonoids and other phytochemicals that may increase
serotonin levels. The anxiolytic properties of A.
absinthium may help stabilize norepinephrine levels.*
Bora et al found that A. absinthium exhibited
neuroprotective effects against cerebral damage induced
by reperfusion.”® In a subsequent study, Bora et al
highlighted the strong antioxidant properties of A.
absinthium methanolic extract, suggesting its potential as
a preventive measure against diseases related to oxidative
stress."’ The neuroprotective properties of A. absinthium
may help counteract some of the neurotoxic effects of
methamphetamine, supporting brain health during
recovery. This could be particularly beneficial in restoring
normal neurotransmitter function, thereby aiding in the
recovery process. Additionally, A. absinthium ethanolic
extract has demonstrated cytoprotective and free radical-
scavenging properties against oxidative damage in
fibroblast-like cells. This plant has been recognized as a
significant source of natural antioxidants.* Ahmad et al
reported that methanolic A. absinthium extract
demonstrated varying levels of anti-inflammatory activity
at doses of 300, 500, and 1000 mg/kg, with a delayed
response possibly attributable to the absorption rate of the
extracts.”” Nalbantsoy et al found that A. absinthium
methanolic extract effectively inhibited carrageenan-
induced acute inflammation in rats, reducing
inflammation caused by snake venom.* Khattak et al
reported that aqueous extracts of A. absinthium exhibited
antipyretic actions compared to aspirin in rabbits, with no
adverse effects noted.* Zeraati et al found that A.
absinthium extracts exhibit topical antinociceptive
properties in experimental mice.*® Also, the application of
a plant-based ointment can alleviate clinical symptoms in
individuals with knee osteoarthritis.*” Studies found that
A. absinthium ethanolic extract contains 24-ethyl
p-cholesta-7, 22-dien-3, and has antipyretic activity. '
Therefore, A. absinthium, with its analgesic properties,
may reduce withdrawal symptoms. The anti-inflammatory
properties of A. absinthium are likely to be due to its
secondary metabolites, particularly flavonoids and
sesquiterpene-type compounds.”® These compounds

inhibit inflammatory mediators such as bradykinins,
histamine, and prostaglandins. Thus, by potentially
enhancing dopaminergic activity, A. absinthium may help
mitigate the depressive symptoms and cravings associated
with decreased dopamine levels during withdrawal. Also,
by promoting serotonin synthesis or receptor sensitivity,
it can alleviate mood disturbances and anxiety, which are
common during methamphetamine withdrawal. As well
as its anxiolytic properties, it reduces anxiety and agitation
during the withdrawal phase. This stabilization can lead
to amore manageable withdrawal experience and decrease
the likelihood of relapsing due to heightened stress
responses. Also, with its various phytochemicals, it can be
effective and useful in reducing withdrawal symptoms of
methamphetamine addiction. The study’s limitations
include a lack of toxicology tests and cellular and
molecular investigation of the plant extract’s effects on
animals, necessitating more detailed research. Without
appropriate quality-controlled research, it is difficult to
ensure the safety and compatibility of herbal medicines or
to make evidence-based recommendations for their use in
the treatment of amphetamine withdrawal. More rigorous
research is needed to assess the potential benefits and
risks of specific herbal medicines before considering
policies to integrate them into treatment protocols for
amphetamine use disorders. Such studies can facilitate
this.

Conclusion

A. absinthium can provide a complementary approach
to managing methamphetamine withdrawal symptoms
by positively influencing the neurotransmitter systems
affected by chronic methamphetamine use. By potentially
enhancing dopamine and serotonin levels while
stabilizing norepinephrine, this plant could alleviate some
of the psychological and physical challenges associated
with withdrawal, thereby supporting individuals in their
path to recovery. Further research is needed to fully
elucidate these mechanisms and establish the efficacy of
A. absinthium in clinical settings.
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