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Abstract

Background and Objective: Depression known as most prevalent mental disorders and there is growing interest
to use medical plants with lower side effects. So, the aim of current study was to determine anti-depressant effect
of Artemisia dracunculus extract (ADE) in ovariectomized (OVX) mice and its possible interaction with
opioidergic, GABAergic and serotoninergic systems.

Materials and Methods: In experiment 1, mice kept as control and sham groups, OVX, OVX+ ADE (12.5
mg/kg), OVX+ ADE (25 mg/kg) and OVX+ADE (50 mg/kg). In experiment 2, mice kept as control and sham,
OVX, OVX+ ADE (50 mg/kg), OVX+naloxone (2 mg/kg) and OVX+injection of ADE and naloxone.
Experiments 3-5 were similar to experiment 2, except injections of the flumazenil (5 mg/kg), fluoxetine (5
mg/kg) and cyproheptadine (4 mg/kg). Then forced swimming test (FST), tail suspension test (TST) and open
field test (OFT) tests were done. Also, serum Malondialdehyde (MDA), Superoxide dismutase (SOD),
Glutathione peroxidase (GPx) and total antioxidant status (TAS) levels were determined.

Results: According to the findings, OVX increased immobility time compared to control group (P<0.05). ADE
(50 mg/kg) decreased depression induced immobility time compared to OVX group (P<0.05). Injection of
ADE+flumazenil decreased depression induced immobility time in TST and FST and increased number of
crossing in OFT (P<0.05). Injection of ADE+fluoxetine decreased depression induced immobility time (P<0.05).
ADE (25 and 50 mg/kg) reduced the MDA while elevated SOD and GPx levels in OV X mice (P<0.05).

Conclusion: It seems, antidepressant activity of Artemisia dracunculus mediates via GABAergic and
serotoninergic systems in OV X mice.
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1. Introduction

stage (2). Ovarian hormones have deniable role in

epression known as most prevalent emotional status, mood regulation and cognition.

mental disorders with symptoms such  Changes in estradiol levels during the menstrual cycle,

as psychosocial and physical disorders  parturition and menopause enhance depression risk

(1). The major depressive disorder and mood disruption (3). Based on animal method

(MDD) alters brain physiological studies, OVX in mice leads to depressive-like

function, emotional and cognitive behavior and estradiol therapy showed antidepressant-

processes ant its rate of risk is higher in women like effect (4). Antidepressant drugs such as selective
because of hormonal imbalance in the menopausal serotonin reuptake inhibitors (SSRIs) and tricyclic
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anti-depressants affecting routinely used for treatment
of depression (5). However, sedation, blurred vision,
constipation, seizures and sexual dysfunction are
known as main side effects (5). Thus, there is a
growing interest for new medical plant with
antidepressant activity and lower side effects.

Many natural compounds and products are potential
antioxidants that protect against oxidative damage in
chronic diseases. The biological effect of medicinal
plant extracts in preventing oxidative damage has been
previously reported and the mechanism of action of
medicinal extracts has been explained. Artemisia
dracunculus L. (Asteraceae) belongs to Asteraceae
family which distribution in Eurasia and North
America (6). The herb is traditionally used for
laxative, eupeptic, carminative, stomachic,
antispasmodic, vermifuge, emmenagogue and to treat
gastritis (7). Various phytochemical and components
of the essential oil are menthol, anethole, anisole,
anisic acid, d-sabinene, estragole, limonene, myrcene,
ocimene, a-phellandrene, anisaldehyde, o-and pB-
pinene (8). It is revealed essential oil of chamomile
(Anthemis nobilis), clary (Salvia sclarea), rosemary
(Rosmarinus officinalis), and lavender (Lavandula
angustifolia) had antidepressant effects (9). It is
reported OVX-induced depression mediates via
nitrergic, serotonergic and dopaminergic (DAergic)
systems (10, 11) and herbal plants impress anti-
depressive effect via these systems (12).

However, there is limited information about
antidepressants of the Artemisia dracunculus in OVX
mice. Thus, the aim of current study was to determine
anti-depressant effect of ADE in OVX mice and its
possible interaction with opioidergic, GABAergic and
serotoninergic systems.

2. Materials and Methods

2.1. Animals

A total of 240 adult female NMRI mice were supplied
from the Pasteur Institute (Tehran, Iran) and kept at
physiology laboratory of Science and Research
Branch, Islamic Azad University (Tehran, Iran)
according to Guide for the Care and Use of Laboratory
Animals by the US National Institutes of Health (NIH
Publication No. 85-23, revised 1996) (13)

(IR.IAU.SRB.REC.1399.1137).

2.2. Drugs

Naloxone (opioid receptor antagonist), flumazenil
(GABA receptor antagonist), fluoxetine (selective
serotonin reuptake inhibitor) and cyproheptadine
(serotonergic receptor antagonist) were purchased
from Sigma Aldrich, (St, USA).

2.3. Extraction
Artemisia dracunculus L. were heated with 80%
ethanol (v/v) to 80 ° C for 2 h. The extraction
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continued for an additional 10 h at 20°C. The extract
was then filtered through cheese cloth and evaporated
with a rotary evaporator. The aqueous extract was
freeze-dried for 48 h, and the dried extract was
homogenized with a mortar and pestle (14).

2.4. Experimental OVX

Following anesthesia by intraperitoneal (i.p.) injection
of ketamine hydrochloride (50 mg/kg) and xylazine
hydrochloride (5 mg/kg) (Alfasan, Woerden, and
Holland), the lumbar dorsum was shaved and exposed
skin was scrubbed by a sterile saline wipe and by 10%
povidone-iodine. A 1-2 cm incision was made on the
midline of the lumbar vertebral line. One cm to each
flank, parovarian fatty tissue was taken out, the ovary
and associated oviduct were removed and skin
incision was sutured (4-0 nonabsorbable). In the sham
group, the parovarian fatty tissues and ovaries were
just retracted and replaced (15, 16). All behavioral
tests were done 10 days after recovery (10).

2.5. Experimental procedure

Then OVX mice randomly allocated into 5
experimental groups (n=48 in each experiment and 8
mice in each group). In experiment 1, (A) control
group without surgery and injected saline (10 ml/kg)
with at 1 h prior the test, (B) sham group had no OVX
and injected with saline (10 ml/kg) with at 1 h prior
the test, (C) OVX then i.p injected with saline (10
ml/kg) with at 1 h prior the test, (D) OVX then i.p
injected with ADE (12.5 mg/kg) at 1 h prior the test,
(E) OVX mice injected with ADE (25 mg/kg) at 1 h
prior the test and (F) OVX then i.p injected with ADE
(50 mg/kg) at 1 h prior the test. In experiment 2, (A)
control without surgery and injected saline (10 ml/kg)
with at 1 h prior the test, (B) sham had no ovariectomy
(OVX) and injected with saline (10 ml/kg) with at 1 h
prior the test, (C) OVX then i.p injected with saline
(10 ml/kg) with at 1 h prior the test, (D) OVX then i.p
injected with ADE (50 mg/kg) at 1 h prior the test, (E)
OVX mice injected with naloxone (10 mg/kg) at 1 h
prior the test and (F) OVX mice injected with ADE
(50 mg/kg) at 1 h prior the test, 15 minutes after final
injection animals i.p injected with naloxone (10
mg/kg) and 45 minutes later tests were done.
Experiments 3- were similar to experiment 3, except
flumazenil (5 mg/kg), fluoxetine (5 mg/kg) and
cyproheptadine (4 mg/kg) instead of naloxone. Then
FST, TST and OFT tests were done. At the end of the
study, serum MDA, SOD, GPx and TAS levels were
determined.

2.6. Forced Swimming Test

The FST was done using the described protocol in
mice (17). Animal was plunged into a glass cylinder
containing 25 + 1 °C water for 15 minutes (pre-test
session). 24 hours later, the test was repeated for a 6
minutes’ period (test session). When mouse ceased
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struggling and remained floating motionless in the
water, the immobility time recorded as total period of
immobility during the last 4 minutes’of the 6 minutes’.

2.7. Tail Suspension Test

It is knowns as common antidepressant-like activity in
mice (18). Briefly, the mice were kept away from any
objects nearby and then suspended above the floor
from the extremity of the tail. Immobility time was
recorded for 6 minutes.

2.8. Open field test

The OFT was used to determine the possible effects of
ADE on the locomotor and exploratory activities. The
open-field was done using a 45x45x30 cm3 poly wood

cage. The floor of the open field cage was divided by
masking tape markers into 3x3 cm2 squares. Mice was

placed individually observed for 6 min for number of
segments crossed with the four paws (19).

2.9. Antioxidant activity

At the end of the tests, blood samples were collected
via cardiac puncture and serum MDA, SOD, GPx and
total antioxidant capacity (TAC) were determined by
ELISA method using Zell Bio GmbH (Germany)
commercial assay kits.

2.10. Statistical analysis

Data was analyzed by one-way analysis of variance
(ANOVA). For treatments found to have an effect
according to the ANOVA, mean values were
compared with Tukey's test. Data is presented as the
mean + SEM and p <0.05 were considered to indicate
significant difference.

3. Results

As seen in figure 1, no significant difference observed
on immobility time in FST and TST tests in sham
compared to control group (P>0.05). The OVX
significantly increased immobility time in FST and
TST tests compared to control group (P<0.05). ADE
in a dose dependent manner decreased depression
induced immobility time in comparison to OVX group
(P<0.05). ADE (25 and 50 mg/kg) significantly
increased the number of crossing in OFT test in
comparison to OVX mice (P<0.05).
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According to the figure 2, no significant difference
observed on immobility time in FST and TST tests in OFT
control and sham groups (P>0.05). The OVX
significantly increased immobility time in FST and 90.00
TST tests compared to control mice (P<0.05). ADE 80.00
(50 mg/kg) significantly reduced depression induced 70.00
immobility time in comparison to OVX group 60.00
(P<0.05). Naloxone had no effect on immobility time 50.00
in TST and FST and number of crossing in OFT 40.00
(P>0.05). Injection of ADE+naloxone had no effect on 30.00
immobility time in TST and FST and number of 20.00
crossing in OFT (P>0.05). 10.00
0.00

Number of cross over

FST
250.00
a
— 200.00 Tl a Figure 2. Effects of Artemisia dracunculus (50 mg/kg), Naloxone
L2 (2 mg/kg) and their co-injection on FST (Up), TST (Middle) and
GE) b b OFT (Down) tests in ovariectomized mice. Different letters (a-d)
-5 150.00 =] indicate significant differences between treatments (P<0.05). TST:
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Figure 3. Effects of Artemisia dracunculus (50 mg/kg), Flumazenil
(5 mg/kg) and their co-injection on FST (Up), TST (Middle) and
OFT (Down) tests in ovariectomized mice. Different letters (a-d)
indicate significant differences between treatments (P<0.05). TST:
tail suspension test, FST: forced swimming test, OFT: open field.

As seen in figure 4, OVX significantly increased
immobility time in FST and TST tests compared to
control mice (P<0.05). ADE (50 mg/kg) significantly
lessened immobility time (P<0.05). Fluoxetine (5
mg/kg) had no effect on immobility time in TST and
FST and number of crossing in OFT (P>0.05).
Injection of the ADE (50 mg/kg) + fluoxetine (5
mg/kg) significantly decreased immobility time in
FST and TST tests (P<0.05). The OVX significantly
reduced the number of crossing compared to OVX
mice (P<0.05). The ADE (50 mg/kg) significantly
increased number of crossing comparison to OVX
mice (P<0.05). Co-injection of the ADE (50 mg/kg) +
fluoxetine (5 mg/kg) amplified the positive effect of
the ADE on number of crossing in comparison to
OVX group (P<0.05). It seems, the antidepressant
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activity of the ADE mediates via serotoninergic
system in OV X mice (figure 4).
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Figure 4. Effects of Artemisia dracunculus (50 mg/kg), Fluoxetine
(5 mg/kg) and their co-injection on FST (Up), TST (Middle) and
OFT (Down) tests in ovariectomized mice. Different letters (a-d)
indicate significant differences between treatments (P<0.05). TST:
tail suspension test, FST: forced swimming test, OFT: open field.
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According to the figure 5, no significant difference

observed on immobility time in FST and TST tests in OFT
control and sham groups (P>0.05). The OVX
significantly increased immobility time in FST and 90.00
TST tests compared to control mice (P<0.05). ADE _ 80.00
(50 mg/kg) significantly reduced depression induced 2 70.00
immobility time in comparison to OVX group ° 60.00
(P<0.05). Cyproheptadine (4 mg/kg) had no effect on 8 50.00
immobility time in TST and FST and number of o
crossing in OFT (P>0.05). Injection of ADE + ; 40.00
cyproheptadine had no effect on immobility time in © 30.00
TST and FST and number of crossing in OFT §20,OO
(P>0.05). = 10.00
0.00
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180.00 | g3 a
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© 140.00 b b
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£ 120.00 5
‘:_ 100.00 ¢ c Figure 5. Effects of Artemisia dracunculus (50 mg/kg),
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o) ) . h (Middle) and OFT (Down) tests in ovariectomized mice. Different
g 60.00 \ letters (a-d) indicate significant differences between treatments
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Table 1. Effect of different levels Artemisia dracunculus on serum values of Malondialdehyde, Superoxide
dismutase, Glutathione peroxidase and total antioxidant status in ovariectomized mice

Group MDA (nmol/ml) SOD (1U/ml) GPx (IU/ml)  TAS (nmol/ml)
Control 56+0.24 849 +2.13° 89 +0.26° 230 +12.02
Sham 60 +0.32° 854 +2.11° 85+0.16 221 +10.01
OVX 91+0.11° 561 +1.11° 64+0.11¢ 185 + 20.04
Artemisia (12.5 mg/kg) 88+0.25° 577.65+1.16°  66+0.23° 195 + 14.02
Artemisia (25 mg/kg) 76 +0.13° 631.66 +1.21°  75+0.16° 200 + 15.03
Artemisia (50 mg/kg) 66+0.24°¢ 751.53+1.18°  81+0.11° 202 +16.01

OVX: ovariectomy, MDA: malondialdehyde, SOD: superoxide dismutase, GPx: glutathione peroxidase, TAS: total antioxidant status. Different
letters (a-d) indicate significant differences between treatments (P<0.05).

4. Discussion

The aim of current study was to determine anti-
depressant effect of ADE in OVX mice and its
possible interaction with opioidergic, GABAergic and
serotoninergic systems. As observed, OVX increased
immobility time and ADE (50 mg/kg) decreased
depression induced immobility time. Injection of ADE
+ flumazenil or ADE + fluoxetine decreased
depression induced immobility time in TST and FST
and increased number of crossing in OFT. ADE (25
and 50 mg/kg) reduced the MDA while elevated SOD
and GPx levels in OVX mice. Depression and anxiety
are widespread psychological conditions with broad
health implications. The current antidepressant
therapies are primarily designed to target the
serotonergic and/or noradrenergic system in the brain
(20). Sex-hormone-dependent depression is a serious
problem that Its frequency is higher in women than
the men. Estrogen has effects on modulating mood
and emotions (21). There is a correlation between
mood and estrogen levels since lower estrogen levels
increase mood disorders in women (22). However,
almost half of patients do not respond to
antidepressants, and these interventions are often
associated with a wide range of adverse side effects
(23). Depression can be caused by an imbalance of
neurotransmitters such as serotonin, adrenaline,
dopamine and glutamate with their receptors (24).
Depressive-like behavior (due to OVX) can be
relieved by estradiol (25).

As seen OV X significantly increased immobility time
in FST and TST. ADE in a dose dependent manner
decreased depression induced immobility time in
comparison to OVX group. ADE (25 and 50 mg/kg)
significantly increased the number of crossing in OFT.
It is reported Artemisia dracunculus aqueous extract
improves blood sugar, serum insulin, insulin
resistance index and liver enzymes in rat model (26).
Also, artemisinin at the level of the 10 mg/kg have
anti-nociceptive effects on the inflammatory pain (27).

Also, essential oil of Artemisia dracunculus (10, 30,
100 and 300 mg/kg) significantly inhibited (89, 95, 97
and 97%) the nociception produced by acetic acid (6).
Also, Artemisia dracunculus promotes psychological
resilience in depressed mice (20).

According to the findings, naloxone had no effect on
immobility time in TST and FST and number of
crossing in OFT. Injection of ADE + naloxone had no
effect on immobility time in TST and FST and
number of crossing in OFT. Based on the results,
flumazenil (5 mg/kg) had no effect on immobility time
in TST and FST and number of crossing in OFT.
Injection of the ADE (50 mg/kg) + flumazenil (5
mg/kg) significantly decreased the antidepressant
activity of the ADE on immobility time. It seems, the
antidepressant activity of the ADE mediates via
GABAergic system in OVX mice. As seen fluoxetine
(5 mg/kg) had no effect on immobility time in TST
and FST and number of crossing in OFT. Injection of
the ADE (50 mg/kg) + fluoxetine (5 mg/kg)
significantly decreased the antidepressant activity of
the ADE on immobility time compared to OVX
group. ADE (50 mg/kg) significantly increased
number of crossing comparison to OVX mice
(P<0.05). It seems, the antidepressant activity of the
ADE mediates via serotoninergic system in OVX
mice. Injection of ADE + cyproheptadine had no
effect on immobility time in TST and FST and
number of crossing in OFT.

Depression is associated with the hyperactivity of
immune inflammatory responses as manifested by
elevated expression of pro-inflammatory molecules,
such as IL-6 and TNF-a (24). ADE have high content
of secondary metabolites, including coumarins,
flavonoids, and phenylpropanoid acids which decrease
stress-induced depression in  mice. Also, ADE
reduction of inflammatory cytokines in the blood (28).
It is assumed anti-depressive activity of the ADE
mediates via opioidergic system. It has been proposed
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that involvement of the opioid system in the
antidepressants’ mechanism of action is critical for
treatment of severe depression (29). In addition, B-
endorphin-positive cell bodies in the arcuate nucleus
project to the paraventricular nucleus suggests that -
endorphin has important physiological role in stress
response. In the current study, ADE decreased
depression in OV X mice and perhaps observed results
might related to its antioxidant activity. Previous

studies revealed that increased glutamatergic
transmission on ventral striatum medium spiny
neurons mediates  stress-induced  susceptibility

following repeated social defeat stress (30). It is
reported flavonoid (chlorogenic acid) isolated from
the Artemisia capillaris Thunb. Has antidepressant
activities in FST, TST and rotarod test in mice models
of depression (29). The TST and FST are routinely
used for antidepressants. Antidepressants reduce the
immobility time in both TST and FST.As seen OVX
significantly increased MDA levels and ADE (12.5,
25 and 50 mg/kg) significantly decreased the MDA
levels compared to the OV X mice. The SOD and GPx
levels significantly diminished following OVX a ADE
(12.5, 25 50 mg/kg) significantly elevated the SOD
and GPx levels in comparison to the OVX mice.
Artemisia has protective effect against reactive
oxygen species (ROS) production and oxidative stress.
Hesperidin increase antioxidant enzymes CAT, SOD
and glutathione S-transferase (GST) level (9). The

References

1. Saravi SSS, Arefidoust A, Yaftian R, Saravi
SSS, Dehpour AR. 17 alpha-ethinyl estradiol
attenuates depressive-like behavior through
GABA(A) receptor  activation/nitrergic
pathway blockade in ovariectomized mice.
Psychopharmacology 2016; 233: 1467-1485

2. Albert KM, Newhouse PA. Estrogen, stress,
and depression: cognitive and biological
interactions. Annual Review of Clinical
Psychology 2019; 15:399-423

3. Newhouse P, Albert K. Estrogen, stress, and
depression: a neurocognitive model. JAMA
Psychiatry 2015; 72(7):727-29

4. Albert K, Gau V, Taylor WD, Newhouse PA.
Attention bias in older women with remitted
depression is associated with enhanced
amygdala activity and functional
connectivity. Journal of Affective Disorders
2017; 210:49-56

5. Adongo DW, Kukuia KKE, Mante PK,
Ameyaw EO, Woode E. Antidepressant-like
effect of the leaves of Pseudospondias
microcarpa in mice: evidence for the
involvement of the serotoninergic system,
NMDA receptor complex, and nitric oxide
pathway. BioMed Research International

Journal of Basic and Clinical Pathophysiology, Vol. 9, No. 2, December 2021

CAT, SOD, GPx and GST play important role on
scavenging ROS. Hesperidin has protective effect
against oxidative damage due to the ability of increase
antioxidant activity. There is a correlation between
depressive disorders and increased oxidative stress,
neuro-inflammation and diminished anti-oxidant
defenses (31). The positive role of the antioxidant
effects of antidepressants in the treatment of major
depressive disorder is well documented. Antunes et al.
(32) reported antioxidant activity of may be mediating
by 02— and modulation of the CAT and GPx activity.
Previous reports revealed antioxidants prevented cell
membrane damage in neurodegenerative diseases (33).
It seems, antidepressant activity of ADE might have
related to its antioxidant activity and mediates via
GABAergic and serotoninergic system in OVX mice.

Acknowledgements

The authors thank the central laboratory of the Science
and Research Branch, Islamic Azad University,
Tehran, Iran for their cooperation. This research is
conducted as a part of the DVM thesis of the first
author.

Conflicts of interest
Authors have no potential conflicts of interest

2015; Article ID 397943, 15 pages
http://dx.doi.org/10.1155/2015/397943.

6. Maham M, Moslemzadeh H, Jalilzadeh-
Amin G. Antinociceptive effect of the
essential oil of tarragon  (Artemisia
dracunculus). Pharmaceutical Biology 2014;
52(2):208-12.

7. Mosaddegh M, Naghibi F, Moazzeni H, et al.
Ethnobotanical survey of herbal remedies
traditionally used in Kohghiluyeh va Boyer
Ahmad province of Iran. Journal of
Ethnopharmacology 2012; 141:80-95.

8. Bora KS, Sharma A. The genus Artemisia: A
comprehensive  review.  Pharmaceutical
Biology 2011; 49:101-9.

9. Wang ZJ, Heinbockel T. Essential oils and
their constituents targeting the gabaergic
system and sodium channels as treatment of
neurological diseases. Molecules
2018;23(5):1061.

10. Heydarpour P, Salehi-Sadaghiani M, Javadi-
Paydar M, Rahimian R, Fakhfouri G,
Khosravi M, et al. Estradiol reduces
depressive-like behavior through inhibiting
nitric  oxide/cyclic GMP pathway in
ovariectomized mice. Hormones and
Behavior 2013; 63(2):361-9

39



Azadi-Ahmadabadi et al

39

11.

13.

14.

15.

16.

17.

18.

19.

20.

Haramipour P, Asghari A, Hassanpour S,
Jahandideh A. Anti-depressant Effect of
Betaine Mediates via Nitrergic and
Serotoninergic Systems in Ovariectomized
Mice. Archives of Razi Institute. 2021 Jan 3.
Seol GH, Shim HS, Kim PJ, Moon HK, Lee
KH, Shim I, Suh SH, Min SS.
Antidepressant-like effect of Salvia sclarea is
explained by modulation of dopamine
activities in rats. Journal of
Ethnopharmacology 2010, 130, 187-190.
Zimmermann M. Ethical guidelines for
investigations of experimental pain in
conscious animals. Pain 1983;16(2):109-10.
Ribnicky DM, Kuhn P, Poulev A, Logendra
S, Zuberi A, Cefalu WT, Raskin I. Improved
absorption and  bioactivity of active
compounds from an anti-diabetic extract of
Artemisia  dracunculus L. International
Journal of Pharmaceutics 2009; 370(1-2):87-
92.

Kalbasi Anaraki D, Sianati S, Sadeghi M,
Ghasemi M, Paydar MJ, Ejtemaei Mehr S,
Dehpour AR (2008) Modulation by female
sex hormones of the cannabinoid-induced
catalepsy and analgesia in ovariectomized
mice. European Journal of Pharmacology
586: 189-196

Sadeghi M, Sianati S, Anaraki DK, Ghasemi
M, Paydar MJ, Sharif B, Mehr SE, Dehpour
AR. Study of morphine-induced dependence
in gonadectomized male and female mice.
Pharmacology Biochemistry and Behavior
2009; 91: 604-609

Castagné V, Moser P, Roux S, Porsolt RD.
Rodent models of depression: forced swim
and tail suspension behavioral despair tests in
rats and mice. Current Protocols in
Neuroscience 2011;
https://doi.org/10.1002/04711 42301 .ns081
0as55 PMID:21462162

Cryan JF, Mombereau C, Vassout A. The tail
suspension test as a model for assessing
antidepressant activity: review of
pharmacological and genetic studies in mice.
Neuroscience & Biobehavioral Reviews
2005; 29(4-5):571-625

Donato F, de Gomes MG, Goes AT, Filho
CB, Del Fabbro L, Antunes MS, et al.
Hesperidin exerts antidepressant-like effects
in acute and chronic treatments in mice:
possible role of I-arginine-NOcGMP pathway
and BDNF levels. Brain Research Bulletin
2014; 104:19-26

Wang J, Fernandez AE, Tiano S, Huang J,
Floyd E, Poulev A, Ribnicky D, Pasinetti
GM. An extract of Artemisia dracunculus L.
promotes psychological resilience in a mouse

Journal of Basic and Clinical Pathophysiology, Vol. 9, No. 1, June 2021

40

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

model of depression. Oxidative Medicine and
Cellular Longevity 2018.

Jang D, Elfenbein HA. Menstrual cycle
effects on mental health outcomes: a meta-
analysis. Archives of Suicide Research 2018;
20: 1-21.

Wang P, Liu C, Liu L, Zhang X, Ren B, Li B.
The Antidepressant-like Effects of Estrogen-
mediated Ghrelin. Current
Neuropharmacology 2015; 13:524-35.

Miller AH, Raison CL. The role of
inflammation in depression: from
evolutionary imperative to modern treatment
target.  Nature Reviews Immunology
2016;16(1):22-34.

Duman RS, Aghajanian GK, Sanacora G,
Krystal JH. Synaptic plasticity and
depression: new insights from stress and
rapid-acting antidepressants. Nature
Medicine 2016;22(3):238-49.

Liu Y, Huang C, Ceng C, Zhan H, Zheng D,
Han W. Metformin enhances nitric oxide
production and diminishes Rho kinase
activity in rats with hyperlipidemia. Lipids in
Health and Disease 2014; 13:115.

Shahraki MR, Mirshekari H, Samadi Z,
Shahraki AR, Shahraki E. Effects of
Artemisia dracunculus agueous extract on
blood sugar, serum insulin, triglyceride and
liver enzymes in fructose drinking water
male rats. Zahedan Journal of Research in
Medical Sciences 2017;19(2):1-5.

Dehkordi FM, Kaboutari J, Zendehdel M,
Javdani M. The antinociceptive effect of
artemisinin on the inflammatory pain and
role of GABAergic and opioidergic systems.
The Korean Journal of Pain 2019;32(3):160.

Trebaticka J, Durackovd Z. Psychiatric
disorders and polyphenols: can they be
helpful in therapy?. Oxidative Medicine and
Cellular Longevity 2015;2015.

Park SH, Sim YB, Han PL, Lee JK, Suh HW.
Antidepressant-like effect of chlorogenic acid
isolated from Artemisia capillaris Thunb.
Animal Cells and Systems 2010;14(4):253-9.
Francis TC, Chandra R, Friend DM, Finkel
E, Dayrit G, Miranda J, Brooks JM, lfiguez
SD, O’Donnell P, Kravitz A, Lobo MK.
Nucleus accumbens medium spiny neuron
subtypes mediate depression-related
outcomes to social defeat stress. Biological
Psychiatry 2015;77(3):212-22.

Black CN, Bot M, Scheffer PG, Cuijpers P,
Penninx BW. Is depression associated with
increased oxidative stress? A systematic
review and meta-analysis.
Psychoneuroendocrinology 2014; 51c:164-
175



Research Article Journal of Basic and Clinical Pathophysiology, Vol. 9, No. 2, December 2021

32. Antunes MS, Goes AT, Boeira SP, Prigol M,
Jesse CR. Protective effect of hesperidin in a
model of Parkinson's disease induced by 6-
hydroxydopamine in aged mice. Nutrition
2014; 104:19-26.

33. Huang S, Tsai S, Lin J, Wu C, Yen G.
Cytoprotective effects of hesperetin and
hesperidin  against amyloid  b-induced
impairment of glucose transport through
downregulation of neuronal autophagy.
Molecular Nutrition & Food Research 2012;
56:601-609

41



