JOURNAL OF NUTRITION FASTING AND HEALTH

Effects of Eight Weeks of Interval Swimming Training and
Motor-Enriched Environment Activity Combined with
Artemisia Extract on Serotonin and Dopamine Levels in the
Brain Tissue of Rats with Parkinson's disease

Somayeh Jokar Tang Karamil, Mehdi Sohrabil*, Mehdi Mohamadi Nezhad?!, Seyed Ali
Hosseini?

1. Department of Motor Behavior, Faculty of Sport Sciences, Ferdowsi University of Mashhad, Mashhad, Iran
2. Department of Sport Physiology, Marvdasht Branch, Islamic Azad University, Marvdasht, Iran.

ARTICLEINFO ABSTRACT

Article type: Introduction: Parkinson's disease (PD) is the second most common cause of death among

Research Paper neurodegenerative diseases. The aim of the present study was to investigate and compare the effect of
eight weeks of interval swimming training (IST) and motor enriched environment activity (MEEA)

Article History: along with Artemisia (Ar) extract on serotonin and dopamine levels in the brain tissue of rats with PD.

isgs;‘igz 59513?‘3, ggii Methods: In this experimental study, 42 male Sprague-Dawley rats (250-270 grams, 14-16 months

Published: 16 Nov 2024 old) were used, with PD induced using 2 mg/kg reserpine. They were divided into six groups: (1)
Parkinson's disease control (Res), (2) IST, (3) MEEA, (4) Ar extract only, (5) IST+Ar, and (6) MEEA+Ar.
In addition, in order to investigate the effect of Parkinson's disease induction on research variables, 7

Keywords:

Artemisia healthy rats were selected as a healthy control group (HC).

Parkinson's disease Results: The serotonin and dopamine levels were significantly higher in the IST, MEEA, Ar, IST+Ar, and
Serotonin MEEA+Ar groups compared to the Res group (P=0.001). Additionally, serotonin and dopamine levels
Dopamine were higher in the IST, MEEA, IST+Ar, and MEEA+Ar groups compared to the Ar alone group (P=0.001).
Swimming In the IST+Ar and MEEA+Ar groups, dopamine levels were also significantly higher compared to the IST

and MEEA groups (P=0.001).

Conclusion: IST, MEEA, and Ar extract, individually and in combination, appear to improve
neurotransmitter levels. However, the combination of training and Ar, particularly with overload
training principles, may exert more favorable effects on neurotransmitter levels under
neurodegenerative conditions.

» Please cite this paper as:

Jokar Tang Karami S, Sohrabi M, Mohamadi Nezhad M, Hosseini SA. Effects of Eight Weeks of Interval Swimming Training and
Motor-Enriched Environment Activity Combined with Artemisia Extract on Serotonin and Dopamine Levels in the Brain Tissue of
Rats with Parkinson's Disease. ] Nutr Fast Health. 2024; 12(4): 298-304. DOI: 10.22038/JNFH.2024.82833.1536.

Introduction apoptosis of dopaminergic neurons in the
Parkinson's disease (PD) is the second most midbrain  (3). Dopamine and serotonin
common neurodegenerative disorder, marked by deficiencies disrupt central body control centers,
motor impairments, balance issues, with dopamine deficits specifically causing
bradykinesia, and a reduced quality of life (1). PD movement, posture, and functional disabilities
is a progressive neurological disease (3/4). Studies have shown that depressive
characterized by symptoms such as slowed symptoms are prevalent among PD patients,
movement, tremors, muscle rigidity, and often worsening with disease progression and
postural instability (2). Dysfunction in oxidative linked to dopaminergic dysfunction (5).
stress, immune system regulation, and Cognitive impairments in PD are similarly
neuroprotective mechanisms contribute to associated with disturbances in
neurotransmitter imbalances, particularly in neurotransmitters such as serotonin and
serotonin and dopamine, ultimately leading to dopamine, monoamine oxidase imbalance, and
the breakdown of the extrapyramidal system and other neurochemical factors (6). Given the need
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for innovative, less invasive treatment methods,
research has increasingly focused on the benefits
of regular exercise. Physical activity has been
shown to improve general health, protect against
neurodegenerative disorders, and enhance
quality of life (7). Exercise appears to benefit PD
by enhancing neurotrophic mechanisms,
improving antioxidant defense and cognitive
function, and strengthening muscles, potentially
alleviating behavioral symptoms of PD (7).
However, motivation for physical activity can
decline in neurodegenerative conditions,
prompting interest in activities conducted in
motivating environments. "Motor-enriched
environment activity" (MEEA) includes diverse
and stimulating physical activities and has
recently attracted attention for its potential to
boost engagement in movement-based therapies
(8). Research suggests that physical activity in
such environments can enhance cognitive
function and certain neurotransmitters (9).
Studies have also demonstrated that MEEA can
improve motor and cognitive functions in animal
models of PD (10). In general, exercise increases
neurotransmitter ~ concentrations  through
sympathetic nervous system activation,
impacting both dopaminergic and serotonergic
systems (11). Ghanbari et al. found that exercise
raises serotonin and dopamine levels and
alleviates depression and anxiety in diabetic rat
models (12). Given dopamine’s critical role in
motor control, its synthesis may also affect
motivation for physical activity (13).
Additionally, combining exercise with natural
antioxidants and medicinal plants could amplify
neuroprotective effects in neurodegenerative
diseases (14). Among these medicinal plants,
Artemisia (Ar) plant belongs to the Asteraceae
family (15). The herb extract also improves
cognitive function in brain tissue with
antioxidant mechanisms, improving
neurotrophin function and similar
transcriptional pathway of antioxidants (16).
The antioxidant components in Ar may activate
sirtuin via deacetylase mechanisms,
subsequently triggering phosphatidylinositol 3-
kinase (PI3K). PI3K can then activate nuclear
factor erythroid-2-related factor 2 (Nrf2),
leading to the transcription of antioxidants and
neurotrophins, which improve cognitive function
in animal models of neurodegenerative diseases
(16). While exercise has been studied for its role
in improving motor function in PD, comparing
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various exercise types to determine the most
effective approach is critical. Furthermore, the
combined impact of neurotrophic and behavior-
improving medicinal plants like Ar with physical
activities has not been thoroughly investigated.
Therefore, this study aimed to examine the
effects of eight weeks of interval swimming
training (IST) and MEEA, combined with Ar
extract, on dopamine and serotonin levels in the
brain tissue of rats with PD.

Material and Methods

Animals

In this experimental study, 49 male Sprague
Dawley rats (250-270 grams, 14-16 months old)
were acquired from the laboratory animal
breeding and reproduction center of the
Pishtazan Institute of Higher Education. Upon
arrival, they were transferred to the sports
physiology laboratory at this institution, where
they were allowed a seven-day acclimatization
period to adapt to the new environment. During
this period, the rats were housed under standard
conditions, including a controlled temperature of
22-24°C, relative humidity of 55-60%, and a 12-
hour light-dark cycle. Ethical guidelines were
strictly followed in accordance with the Helsinki
Declaration.

Induction of Parkinson's disease and Grouping
Next, after a 12-hour fasting period, 42 rats were
anesthetized with an intraperitoneal injection of
ketamine and xylazine. To induce Parkinson’s
disease (PD), each ratreceived an intraperitoneal
injection of 2 mg/kg reserpine dissolved in
normal saline. Fourteen days post-injection,
clinical examinations were conducted to confirm
PD induction. Indicators such as periorbital
bleeding, aggression, anxiety, tail twisting,
impaired gait, and rotation tests were assessed
(17). After confirming PD induction, the rats
were allocated into six groups: 1) PD control
(Res), 2) Interval Swimming Training (IST), 3)
Motor Enriched Environment Activity (MEEA), 4)
Artemisia (Ar), 5) IST+Ar, and 6) MEEA+Ar.
Additionally, seven healthy rats were selected as
a Healthy Control (HC) group to examine
baseline levels of the research variables.

Interval Swimming Training Protocol

The IST was conducted over eight weeks, with
three sessions per week. Training took place in a
specially designed animal swimming pool with
dimensions of 150 X 70 X 70 cm. Initially, the
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rats underwent a one-week acclimatization
period, swimming in the water for 5 minutes
daily to become familiar with the environment.
During the main training sessions, each session
consisted of 14 intervals of 20 seconds of
swimming, followed by 10-second rest periods.
To adhere to the principle of progressive
overload, the rats carried a weight equivalent to
9% of their body weight, attached to their tails,
during the 20-second swimming intervals in the
first and second weeks. Each subsequent week,
an additional 1% of body weight was added,
reaching a final load of 16% of the rats' body
weight by the eighth week (18).

Motor Enriched Environment Activity

The MEEA program was conducted over an eight-
week period. To create this enriched
environment, rats were placed in a cage
measuring 40 X 60 X 90 cm equipped with
various interactive elements, including a small
house, balls, toys, ropes, climbing rings in various
shapes, a spinning wheel, and a ladder. This setup
provided ample opportunity for play and
engagement, enhancing the animals’ physical and
cognitive stimulation. Additionally, rats in this
group had free access to water and food
throughout the program (9).

Artemisia Extract

The Artemisia (Ar) extract was prepared through
water distillation using a Clonger machine. In this
process, 50g of plant powder and 500ml of water
were placed in the distillation flask and heated
until the distillation rate reached 2-3ml per
minute. After 4 hours, the essential oil of the
plant was collected, dried over anhydrous
sodium sulfate for 24 hours to remove any
residual moisture, and stored. Following
preparation, the Ar groups received a daily oral
dose of 50mg/kg of the Ar extract (19).

Sampling

A total of 48 hours after the final training session,
following a 12-hour fasting period, the rats were
anesthetized with doses of ketamine (75mg/kg)
and xylazine (25mg/kg). Upon confirming full
anesthesia, trained laboratory personnel used
sterile surgical instruments to carefully extract
the brain tissue. The hippocampus was then
precisely isolated, placed in a specialized tissue
preservation microtube, and immediately
transferred to storage at -70°C for preservation.
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The Method of Measuring Variables

In this study, serotonin (5-hydroxytryptamine)
levels were measured using an ELISA kit (Catalog
No. E-EL-0033) from Elabscience (China), with a
sensitivity of 9.38ng/ml. Dopamine levels were
also quantified with an ELISA kit (Catalog No. E-
EL-0046) from the same manufacturer, featuring
a sensitivity of 18.75pg/ml. This research was
approved under ethical code
IR.UM.REC.1402.227.

Statistical Analysis Method

Data are presented as mean * standard deviation.
The Shapiro-Wilk test was used to assess the
normality of data distribution. Given the normal
distribution of the data, a one-way analysis of
variance (ANOVA) with Tukey's post-hoc test
was performed to evaluate differences between
groups using SPSS software (version 22).
Statistical significance was set at P<0.05.

Results

The Shapiro-Wilk test confirmed a normal
distribution of data. One-way ANOVA results
indicated a significant difference in serotonin
levels (F=75.84, P=0.001) and dopamine levels
(F=209.41, P=0.001) across the research groups.
Tukey's post-hoc test results showed that
serotonin levels in the Res group were
significantly lower than in the HC group
(P=0.001). In contrast, serotonin levels were
significantly higher in the Ar (P=0.001), IST
(P=0.001), MEEA (P=0.001), IST+Ar (P=0.001),
and MEEA+Ar (P=0.001) groups compared to the
Res group. Additionally, serotonin levels in the
IST (P=0.001), MEEA (P=0.001), IST+Ar
(P=0.001), and MEEA+Ar (P=0.001) groups were
significantly higher than in the Ar group (Figure
1).

The results indicated that dopamine levels in the
Res group were significantly lower than in the HC
group (P=0.001). In contrast, dopamine levels
were significantly higher in the Ar (P=0.001), IST
(P=0.001), MEEA (P=0.001), IST+Ar (P=0.001),
and MEEA+Ar (P=0.001) groups compared to the
Res group. Additionally, dopamine levels in the
MEEA+Ar group were significantly higher than
those in the IST (P=0.001), MEEA (P=0.001), and
Ar (P=0.001) groups, and the levels in the IST+Ar
group were also significantly higher than in the
MEEA+Ar group (P=0.001).
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Figure 1. Serotonin levels in the brain tissue of rats in the studied groups
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Figure 2. Dopamine levels in the brain tissue of rats in the studied groups

***(P=0.001) significant decrease compared to HC group; ### (P=0.001) significant increase compared to the Res group; $$$
(P=0.001) significant increase compared to Ar group; **" (P=0.001) increase compared to the IST group; &&& (P=0.001)
significant increase compared to the MEEA group; +++ (P=0.001) significant increase compared to MEEA+Ar group

Discussion significantly higher than those in the Res group.
The results showed that serotonin and dopamine This aligns with evidence that exercise can
levels in the IST and MEEA groups were improve serotonin and dopamine expression and
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regulation through various mechanisms. A
primary pathway appears to involve activation of
the cyclic AMP (cAMP)/protein kinase A
(PKA)/CREB  pathway, which  promotes
transcription of 5-hydroxytryptamine-1
(5HT1A) and subsequently increases synthesis
of insulin-like growth factor-1 (IGF-1). This
process is associated with neurogenesis and may
help alleviate depressive and anxiety-like
behaviors (20). Physical activities also appear to
reduce pro-inflammatory markers—Ilike
interferon-gamma and tumor necrosis factor-
alpha (TNF-a)—through mechanisms including
activation of anti-inflammatory macrophages,
increased beta-endorphin and epinephrine
release, and myokine interactions, particularly
irisin in the brain. These effects promote the
expression of tyrosine kinase B (TrkB) and brain-
derived neurotrophic factor (BDNF), ultimately
enhancing dopamine expression (20). Further,
one study found that high-intensity interval
training (HIIT) on a treadmill and MEEA both
increased neurotrophins, enhanced brain
metabolic function, and reduced depression in
neurodegenerative animal models by improving
blood flow, increasing tyrosine kinase activity,
reducing oxidative stress, and enhancing
antioxidant  transcription  pathways (9).
However, the researchers noted that exercise
type, overload principle, and intensity can
influence the degree of benefit for neurotrophin
enhancement (8). In another study, MEEA was
shown to increase ephedrine, brain glutamate
receptors, blood flow, dopamine type 1 receptor,
and serotonin expression (21). Additional
research demonstrated that MEEA significantly
boosted BDNF expression in the frontal cortex
and improved working memory in elderly rats
(22), which has also been reported that MEEA
reduced anxiety-like behaviors (23).

In the present study, serotonin and dopamine
levels in the Ar group were significantly higher
than those in the Res group. Although there is
limited information on the specific effects of
Artemisia (Ar) on serotonin and dopamine, it
appears that the isoflavones in Ar may activate
acetylases, thereby initiating the PI3K/protein
kinase B (Akt)/B-catenin pathway. This
activation could increase Bcl-2 expression,
inhibit metalloproteinases, reduce oxidative
stress, and regulate calcium channels and
TRPML1. Collectively, these processes may lead
to an increased expression of neurotransmitters

302

(24). Supporting this, one study reported that Ar
reduced amyloid-beta, caspase-3, and reactive
oxygen species in the brain tissue of rats with
Alzheimer’s disease (25). Another study found
that administering 400mg/kg of Stachys
lavandulifolia reduced depressive symptoms in
rats (26). Similarly, Kim et al. demonstrated that
Ar extract enhances sirtuin 1, Nrf2, and
antioxidant = enzyme  expression,  which
collectively improved cognitive function in an
animal model of dementia (16). Though evidence
on Ar’s direct effects on serotonin and dopamine
remains limited, the existing data suggest that Ar
enhances antioxidant mechanisms, neurotrophin
levels, and cognitive function. This study is
notable for its innovative exploration of Ar’s
impact on serotonin and dopamine levels.

The results further showed that serotonin and
dopamine levels in the IST+Ar and MEEA+Ar
groups were significantly higher than those in
the Res group, with the effects of IST, MEEA,
IST+Ar, and MEEA+Ar on serotonin being greater
than that of Ar alone. Additionally, dopamine
levels in the IST+Ar and MEEA+Ar groups were
elevated more than in the IST and MEEA groups.
These findings suggest that training activities
promote nuclear transcription of 5HT1A and
IGF-1 through the cAMP/PKA/CREB pathway.
This pathway, alongside increases in beta-
endorphin, epinephrine, myokine release, and
improved TrKB and BDNF expression,
contributes to dopamine production (20).
Concurrently, Ar seems to influence serotonin
and dopamine expression via the PI3K/Akt/[3-
catenin mechanism, inhibiting apoptosis,
enhancing  Nrf2 expression,  increasing
antioxidant activity, and improving calcium
channel and TRPML1 function (24). The data
indicate that the effects of regular physical
activity and Ar intake may be mutually
reinforcing in regulating serotonin and
dopamine. However, to achieve optimal results,
physical activity intensity may need to reach
levels that stimulate adaptive responses, such as
increased antioxidant expression and gene
transcription related to PI3K (9). Given that PI3K,
Nrf2, CREB, and BDNF are common elements in
both physical activity and Ar pathways, the
absence of their measurement in this study is a
limitation. Future studies are recommended to
include these variables to gain a more
comprehensive  understanding of these
mechanisms.
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Conclusion

IST, MEEA, and Ar extract, both individually and
in combination, appear to enhance -certain
neurotransmitter levels. Notably, the combined
effect of training with Ar, particularly when
incorporating the principle of overload, shows
even more favorable outcomes  for
neurotransmitter improvement under
neurodegenerative conditions. A limitation of the
present study was the inability to measure gene
expression levels of serotonin and dopamine
directly. Therefore, future studies are
encouraged to investigate these gene expression
levels to provide deeper insights.

Acknowledgment

This manuscript is the result of the research by
Mrs. somayeh Jokar to earn a doctorate degree
from Ferdowsi University of Mashhad. Therefore,
the authors would like to thank the vice
president of research and the colleagues of this
academic unit. Also, the experts of the laboratory
of Pishtazan Higher Education Institute of Shiraz
are hereby thanked and appreciated for their
cooperation and implementation of the research.

Funding
This study did not have any funds.

Conflict of Interest
The authors declare no conflict of interest
regarding publication of this article.

References

1. lucksch DD, Siega ], Leveck GC, Araujo LB de, Mélo
TR, Israel VL. Improvement of Balance, Motor Aspects,
and Activities of Daily Living in Parkinson’s Disease
after a Sequential Multimodal Aquatic-and Land-Based
Intervention  Program. Rehabil Res  Pract
2023;2023(1):2762863.

2. Yousefzadeh M, Emami Hashemi  SA,
Khayyambashi Kh, Masah Chaharsoqi AR. Comparison
of short-term and long-term effects of static, dynamic
stretching techniques and neuromuscular facilitation
on hamstring muscle flexibility. Journal of Applied
Exercise Physiology. 2015;11(22):131-46.(PERSIAN)
3. Wu T, Cai W, Chen X. Epigenetic regulation of
neurotransmitter signaling in neurological disorders.
Neurobiol Dis. 2023;106232.

4, Azizi S, Movahedi A, Arabameri E, Ghasemi A. Pre-
treatment aerobic exercises on cerebellar Purkinje
cells in Parkinson’s rats with prenatal stress. Journal of
Middle Eastern of Disability Studies. 2019; 9 (1).

5. Jiménez-Cebridn AM, Becerro-de-Bengoa-Vallejo
R, Losa-Iglesias ME, Lépez-Lépez D, Calvo-Lobo C,
Palomo-Lépez P, et al. The impact of depression

J Nutr Fast Health. 2024; 12(4): 298-304.

symptoms in patients with Parkinson’s Disease: a
novel case-control investigation. Int ] Environ Res
Public Health. 2021;18(5):2369.

6. Behl T, Kaur D, Sehgal A, Singh S, Sharma N, Zengin
G, et al. Role of monoamine oxidase activity in
Alzheimer’s disease: an insight into the therapeutic
potential of inhibitors. Molecules. 2021;26(12):3724.
7. Bonanni R, Cariati I, Tarantino U, D’Arcangelo G,
Tancredi V. Physical exercise and health: a focus on its
protective role in neurodegenerative diseases. ] Funct
Morphol Kinesiol. 2022;7(2):38.

8. Shad MM, Kordi MR, Choobineh S. Comparison of
the Effects of High-Intensity Interval Training and
Activity in Motor Enriched Environment on the
Expression of Leptin and Brain-Derived Neurotrophic
Factor Proteins in the Hippocampal Tissue of Rats
With Alzheimer’s Disease.

9. Mohammadishad M, Kordi MR, Choobine S.
Comparison of the effects of Hight intensity interval
training and motor environmental richness activity on
the expression of leptin and brain-derived
neurotrophic factor proteins in the hippocampal tissue
of Alzheimer’s rats. ] Sport Biosci. 2023; 15(2):5-14.
10. Jadavji NM, Kolb B, Metz GA. Enriched
environment improves motor function in intact and
unilateral dopamine-depleted rats. Neuroscience.
2006;140(4):1127-38.

11. Irandoust K, Taheri M. Effect of a high intensity
interval training (HIIT) on serotonin and cortisol
levels in obese women with sleep disorders. Women'’s
Heal Bull. 2019;6(1):1-5.

12. Ghanbari P, Khajehzadeh S, Sayyed A, Raeisi D,
Salehi O. The effect of high intensity interval training
with beetroot (Beta vulgaris) juice supplementation
on serotonin and dopamine receptors expression,
anxiety and depression in middle-aged diabetic rats.
Avicenna ] Phytomedicine. 2022;12(6).

13. Hardy SE, Kang Y, Studenski SA, Degenholtz HB.
Ability to walk 1/4 mile predicts subsequent disability,
mortality, and health care costs. ] Gen Intern Med.
2011;26:130-5.

14. Hosseini SA, Salehi OR, Farzanegi P, Farkhaie F,
Darvishpour AR, Roozegar S. Interactive Effects of
Endurance Training and Royal Jelly Consumption on
Motor Balance and Pain Threshold in Animal Model of
the Alzheimer Disease. Arch Neurosci. 2020; 7(2).

15. Moalemzadeh S, Rajabbeigi E, Montazeri M.
Investigation on cytotoxic effect of hydroalcoholic
extract of Artemisia sieberi on SKBr3cell line. Cell
Tissue J. 2019;10(4):252-60.

16. Kim S-Y, Kim Y-J, Cho S-Y, Lee H-G, Kwon S, Park
S-U, et al. Efficacy of Artemisia annua Linné in
improving cognitive impairment in a chronic cerebral
hypoperfusion-induced vascular dementia animal
model. Phytomedicine. 2023;112:154683.

17. Keshavarzian F, Doulah A, Rafieirad M. The Effect
of Four Weeks of Exercise and Oleurpine
Supplementation on Oxidative Stress in Brain Tissue in

303



Jokar Tang Karami S et al JNFH

Protective Effect of Swimming Training and Activity with Artemisia

Experimental Model of Parkinson’s Disease in Rat. Exp
Anim Biol. 2021;10(2):67-76.

18. Sabri Z, Ahmadi M. The effect of high-intensity
interval swimming training on CREB and ERK proteins
of hippocampus tissue in elderly rats. ] Sport Exerc
Physiol. 2023;16(2):36-45.

19. Ebrahimi T, Setorki M, Dastanpour N.
Antinociceptive effects of Artemisia persica boiss
essential oil in male mice using formalin and tail
immersion tests. Qom Univ Med Sci ]. 2019;12(11):23-
31.

20. Pahlavani HA. Possible role of exercise therapy on
depression: effector neurotransmitters as key players.
Behav Brain Res. 2023;114791.

21. Darna M, Beckmann ]S, Gipson CD, Bardo MT,
Dwoskin LP. Effect of environmental enrichment on
dopamine and serotonin transporters and glutamate
neurotransmission in medial prefrontal and
orbitofrontal cortex. Brain Res. 2015;1599:115-25.
22. Segovia G, Del Arco A, de Blas M, Garrido P, Mora
F. Effects of an enriched environment on the release of
dopamine in the prefrontal cortex produced by stress
and on working memory during aging in the awake rat.
Behav Brain Res. 2008;187(2):304-11.

304

23. de Lima RMS, da Mata M]J, Dos Santos JCP, Costa L,
Marques VHM, dos Santos Bento LV, et al. Exploring
the role of environmental enrichment and early life
adversity on emotional development. Behav Brain Res.
2024;472:115147.

24. WuL-K, Agarwal S, Kuo C-H, Kung Y-L, Day CH, Lin
P-Y, et al. Artemisia Leaf Extract protects against
neuron toxicity by TRPML1 activation and promoting
autophagy/mitophagy clearance in both in vitro and in
vivo models of MPP+/MPTP-induced Parkinson’s
disease. Phytomedicine. 2022;104:154250.

25. Zhou W, Lei B, Yang C, Silva M, Xing X, Yu H, et al.
Artemisia annua extract improves the cognitive
deficits and reverses the pathological changes of
Alzheimer’s disease via regulating YAP signaling. Int ]
Mol Sci. 2023;24(6):5259.

26. Jahani R, Khaledyan D, Jahani A, Jamshidi E,
Kamalinejad M, Khoramjouy M, et al. Evaluation and
comparison of the antidepressant-like activity of
Artemisia dracunculus and Stachys lavandulifolia
ethanolic extracts: an: in vivo: study. Res Pharm Sci.
2019;14(6):544-53.

J Nutr Fast Health. 2024; 12(4): 298-304.



