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1. Introduction  

 

epressive disorders are the most 

prevalent form of mental illness (1). 

Major depression disorder characterized by change in 

psychosocial and physical impairment mood as well 

as lack of interest in the surroundings (2). The role of 

ovarian hormones on regulation of affective disorders D 

Abstract 
Background and Objective: Depressive disorders are the most prevalent form of the mental disorders in 

postmenopausal and there is information for beneficial effects of the metformin (MET) in depression. However, 

there is no report on anti-depressant effect of the MET during postmenopausal. Thus, the aim of study was to 

determine anti-depressant effect of the MET in ovariectomized (OVX) mice and possible involvement with 

nitrergic and serotoninergic systems. 

Materials and Methods: Two hundred and fifty female NMRI mice randomly allocated into 5 experimental 

groups (each with 5 groups [A-E], n=50). In experiment 1, mice allocated as (A) control, (B) OVX injected with 

saline, (C) OVX injected with MET (100 mg/kg), (D) OVX mice injected with MET (200 mg/kg), (E) OVX 

injected with MET (400 mg/kg) at 24, 6 and 1 h prior the test. In experiment 2, experimental grouping was (A) 

control, (B) OVX injected with saline, (C) OVX mice injected with MET (400mg/kg), (D) OVX mice injected 

with L-NAME (10mg/kg), (E) OVX mice injected with MET (400mg/kg) + L-NAME (10mg/kg). Experiments 

3-5 were similar to experiment 2, except OVX mice injected with L-arginine (50mg/kg), cyproheptadine 

(4mg/kg) and fluoxetine (5mg/kg) instead of L-arginine. Following injections forced swimming test (FST), tail 

suspension test (TST) and open field test (OFT) were done. At the end of the study, serum malondialdehyde 

(MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx) and total antioxidant status (TAS) were 

determined. 

Results: According to the results, MET (200 and 400mg/kg) decreased immobility time in TST and FST 

(P<0.05). Co-injection of the MET+L-NAME decreased immobility time in TST and FST (P<0.05). Co-injection 

of MET+L-Arginine significantly diminished antidepressant activity of the MET (P<0.05). MET + 

cyproheptadine decreased antidepressant activity of the MET (P<0.05). MET + fluoxetine significantly amplified 

antidepressant activity of the MET (P<0.05).  MET (200 and 400mg/kg) improved serum MDA, SOD and GPx 

levels (P<0.05). 

Conclusion: It seems antidepressant activity of the MET mediates by nitrergic and serotoninergic system in 

OVX mice. 
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has been established and it is known that abrupt 

oscillations of the gonadal hormones throughout their 

reproductive life precipitate or exacerbate episodes of 

depression or anxiety (3). Sex hormones play key role 

in depression among menopausal women (4). Lower 

estrogen levels are responsible for incidence of 

depression risk in post-menopausal women (5). 

Animal studies were also supported for depression in 

the OVX rodents (6). Fluctuations in estradiol, 

follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH) levels is correlate with the worsening 

of depression during the premenopausal period (7). 

Estrogen therapy can prolong the immobility time in 

FST as a support for anti-depressive properties of the 

estrogen (3, 8). Metformin is a classic medication for 

the treatment of Type 2 diabetes. It has beneficial for 

insulin resistance and regulating glucose metabolism, 

decrease reactive protein, promoting endothelial nitric 

oxidase synthesis (eNOS) expression and nitric oxide 

(NO) production (9). Depressive symptoms are 

common in patients with diabetes and MET is 

beneficial to decrease depressive symptoms in these 

patients (10). It is revealed plasma NO level is higher 

in depressed patients (11). L-N-arginine methyl ester 

or NG-nitro-L-arginine methyl ester (L-NAME), a 

type of general NOS inhibitor which can decrease 

immobility time in FST and this effect reversed by 

pre-treatment with L-arginine (the NOS substrate) 

(12). Acute and chronic treatment with L-NAME has 

anti-depressive-like response in FST (13). Also, NOS 

inhibitor elicited anti-depressive-like effect in FST. 

NG-nitro-L-arginine as non-preferential NOS inhibitor 

has antidepressant like effects in FST and augmented 

the effect of antidepressants (14). 

Based on reports, little information exists regarding 

the antidepressant properties of the MET but there is 

no report for antidepressant activity of the MET in 

OVX mice. Thus, the primary aim of the current study 

was to determine antidepressant effects of the MET 

and secondary its possible interaction with the 

nitrergic and serotoninergic systems in OVX mice. 

 

2. Materials and Methods  
 

2.1. Animals 
A total of 250 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) (15) 

(IR.IAU.SRB.REC.1399.1125). 

 

2.2. Drugs 
Metformin, L-NAME (nitric oxide inhibitor, 

10mg/kg), L-Arginine (nitric oxide processor, 

50mg/kg), Cyproheptadine (serotonergic receptor 

antagonist, 4mg/kg) and Fluoxetine (selective 

serotonin reuptake inhibitor, 5mg/kg) were purchased 

from Sigma Aldrich, (St, USA). 

 

2.3. Ovariectomy 
Anesthesia was induced by intraperitoneal injection of 

Ketamine (50 mg/kg) and Xylazine (5 mg/kg) 

(Alfasan, Woerden, Holland). After the onset of 

anesthesia, the lumbar dorsum was shaved, and the 

exposed skin prepared for aseptic surgery (a 10% 

povidene-iodine scrub followed by a sterile saline 

wipe). Surgery was performed as previously described 

(16, 17). In brief, skin was opened with a 1-2 cm 

incision in the midline on the lumbar vertebral line. 

About 1 cm to each flank, parovarian fatty tissue was 

identified and pulled out through a small incision. The 

exposed ovary and associated oviduct were removed. 

Then the skin incision was sutured (4-0 

nonabsorbable). In the sham-operated animals, the 

parovarian fatty tissues and ovaries were just retracted 

and replaced. All behavioral tests were initiated after a 

recovery period of 10 days (18). 

 

2.4. Experimental procedure 
Then OVX mice randomly allocated into 5 

experiments (each with 5 groups [A-E], n=50). In 

experiment 1, mice received as (A) control group 

without surgery and injected with saline (10 ml/kg) at 

24, 6 and 1 h prior the test, (B) mice first get OVX 

and then i.p injected with saline (10 ml/kg) at 24, 6 

and 1 h prior the test, (C) OVX mice i.p injected with 

MET (100 mg/kg) at 24, 6 and 1 h prior the test, (D) 

OVX mice injected with MET (200 mg/kg) at 24, 6 

and 1 h prior the test, (E) OVX mice i.p injected with 

MET (400 mg/kg) at 24, 6 and 1 h prior the test. In 

experiment 2, groups were: (A) control without 

surgery and injected saline (10 ml/kg) at 24, 6 and 1 h 

prior the test, (B) OVX mice i.p injected with saline 

(10 ml/kg) at 24, 6 and 1 h prior the test, (C) OVX 

mice injected with MET (400mg/kg), (D) OVX mice 

injected with L-NAME (10mg/kg), (E) OVX mice 

injected with MET (400mg/kg) at 24, 6 and 1 h prior 

the test, 15 minutes after final injection of the MET, 

i.p injected with L-NAME (10mg/kg). In experiments 

3-5 were similar to experiment 2, except mice treated 

with L-arginine (50mg/kg), cyproheptadine (4mg/kg) 

and fluoxetine (5mg/kg) instead of the L-NAME 

(10mg/kg). Then FST, TST and OFT were done and 

finally serum MDA, SOD, GPx and TAS levels were 

determined. 

 

2.5. Forced swimming test (FST) 
One hour after last treatment of acute study or forty-

eight hours after tail-suspension testing, mice were 

gently placed in a Plexiglas cylindrical tank (15 cm in 

diameter), filled with 35 cm of room-temperature 

water to ensure that animals could not touch the 

bottom of the container with their hind paws or their 

tails. The animals were removed, dried and returned to 

their home cages after 15 min in water (pre-test). They 
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were again placed in the cylinder 24 h later. The total 

duration of immobility was measured during a 6-

minute period. Mice were considered immobile if they 

made no attempts to escape and remained floating 

with their heads above the water. A decrease in the 

duration of immobility is an indicator of 

antidepressant-like effect (19). 

 

2.6. Tail suspension test (TST) 
Animals were suspended on a horizontal beam (height 

33 cm) using adhesive tape wrapped around the tip of 

the tail. The time spent immobile was recorded during 

6- minute testing (20). 

 

2.7. Open Field test (OFT) 
Before performing the forced swimming test (FST), 

the locomotors behavior was accessed through an 

open field test (OFT) as described previously. In short, 

the apparatus consists of a wooden box (40×60×50 

cm3), the floor area of which was divided into 12 

equal rectangles. Each mouse after placing within the 

center of the arena, the number of rectangles was 

counted covered with all paws while moving within 

the box for at least 6 minutes (21). 

 

2.8. 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. 

 

2.9. 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 ± SE and p <0.05 were considered to indicate 

significant difference. 

3. Results 

According to experiment 1, OVX increased 

immobility time in FST compared to the control group 

(P<0.05). MET in a dose dependent manner decreased 

immobility time compared to the control and OVX 

group (P<0.05) (figure 1A, B). Also, MET 

significantly increased the number of crossings in the 

OFT compared to OVX group (P<0.05) (figure 1C). 
  
 

 

 

 
 

Figure 1. Effects of Metformin (100, 200 and 400 mg/kg) on FST 

(up), TST (middle) and OFT (down) in ovariectomized mice. 

Different letters (a-c) indicate significant differences between 
treatments (P<0.05). Met: Metformin, OVX: ovariectomy, TST: tail 

suspension test, FST: forced swimming test, OFT: open field 

(n=50). 

b 

a a 

b 
c 

0

50

100

150

200

250

control OVX Met
(100

mg/kg)

Met
(200

mg/kg)

Met
(400

mg/kg)

Ti
m

e
 (

s)
 

control OVX

Met (100 mg/kg) Met (200 mg/kg)

Met (400 mg/kg)

b 

a 

a 

b 

c 

0

20

40

60

80

100

120

140

160

180

control OVX Met
(100

mg/kg)

Met
(200

mg/kg)

Met
(400

mg/kg)

Ti
m

e
 (

s)
 

control OVX

Met (100 mg/kg) Met (200 mg/kg)

Met (400 mg/kg)

a 

c 
c 

b 

a 

0

5

10

15

20

25

30

control OVX Met
(100

mg/kg)

Met
(200

mg/kg)

Met
(400

mg/kg)

N
u

m
b

er
 o

f 
cr

o
ss

 

control OVX

Met (100 mg/kg) Met (200 mg/kg)

Met (400 mg/kg)

24 



Ahmad Arangeh et al                                                               Journal of Basic and Clinical Pathophysiology, Vol. 9, No. 2, December 2021 

 

 

Based on experiment 2, MET (400 mg/kg) decreased 

immobility time compared to the OVX-untreated rat 

(P<0.05). L-NAME (10 mg/kg) had no effect on 

immobility time (P>0.05). Co-injection of the L-

NAME and MET significantly decreased immobility 

time using FST (P<0.05) (figure 2A). Co-injection of 

the L-NAME and MET significantly decreased 

immobility time using TST (P<0.05) (figure 2B). L-

NAME + MET significantly increased the number of 

crossings in the OFT in comparison to OVX mice 

(P<0.05) (figure 2C). 

 

 

 

 
 

 
Figure 2. Effects of Metformin (400 mg/kg), L-NAME (10 mg/kg) 

and their co-injection on FST (up), TST (middle) and OFT (down) 
in ovariectomized mice. Different letters (a-c) indicate significant 

differences between treatments (P<0.05). Met: Metformin, OVX: 

ovariectomy, L-NAME: L-NG-Nitro arginine methyl ester (L-
NAME), TST: tail suspension test, FST: forced swimming test, 

OFT: open field (n=50). 
 

As seen in experiment 3, OVX increased immobility 

time using FST compared to the control group 

(P<0.05). L-arginine (50 mg/kg) had no effect on 

immobility time (P>0.05). Co-injection of the L-

arginine and MET (400 mg/kg) increased immobility 

time using FST compared to MET (P<0.05) (figure 

3A). L-arginine + MET (400 mg/kg) increased 

immobility time in TST (P<0.05) (figure 3B). Also, L-

arginine + MET (400 mg/kg) increased the number of 

crossings in the OFT in comparison to OVX mice 

(P<0. 05) (figure 3C). 
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Figure 3. Effects of Metformin (400 mg/kg), L-Arg (50 mg/kg) and 

their co-injection FST (up), TST (middle) and OFT (down) in 
ovariectomized mice. Different letters (a-c) indicate significant 

differences between treatments (P<0.05). Met: Metformin, OVX: 

ovariectomy, L-Arg: L-arginine, TST: tail suspension test, FST: 
forced swimming test, OFT: open field (n=50). 

In experiment 4, OVX increased immobility time in 

FST compared to the control group (P<0.05). 

Cyproheptadine (4 mg/kg) had no effect on 

immobility time (P>0.05). Co-injection of the 

cyproheptadine + MET increased immobility time 

using FST compared to MET (P<0.05) (figure 4A). 

Cyproheptadine + MET increased immobility time in 

TST compared to MET (P<0.05) (figure 4B). Also, 

cyproheptadine + MET increased the number of 

crossings in the OFT in comparison to OVX mice 

(P<0.05) (figure 4C).  
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Figure 4. Effects of Metformin (400 mg/kg), Cyproheptadine (4 
mg/kg) and their co-injection on FST (up), TST (middle) and OFT 

(down) in ovariectomized mice. Different letters (a-d) indicate 

significant differences between treatments (P<0.05). Met: 
Metformin, OVX: ovariectomy, TST: tail suspension test, FST: 

forced swimming test, OFT: open field (n=50). 

 

Based on experiment 5, MET (400 mg/kg) decreased 

immobility time compared to the OVX-untreated rat 

(P<0.05). Fluoxetine (5 mg/kg) had no effect on 

immobility time (P>0.05). Co-injection of the 

fluoxetine and MET significantly decreased 

immobility time using FST (P<0.05) (figure 5A). Co-

application of the fluoxetine and MET significantly 

decreased immobility time using TST (P<0.05) (figure 

5B). Fluoxetine + MET significantly increased the 

number of crossings in the OFT in comparison to 

OVX mice (P<0.05) (figure 5C). 

 

 

 

 
Figure 5. Effects of Metformin (400 mg/kg), Fluoxetine (5 mg/kg) 

and their co-injection on FST (up), TST (middle) and OFT (down) 

in ovariectomized mice. Different letters (a-d) indicate significant 
differences between treatments (P<0.05). Met: Metformin, OVX: 

ovariectomy, TST: tail suspension test, FST: forced swimming test, 

OFT: open field (n=50). 
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Table 1. Effect of different levels Metformin on serum values of MDA, SOD, GPx and TAS in OVX mice 

Group MDA (nmol/ml) SOD (IU/ml) GPx (IU/ml) TAS  (nmol/ml) 

Control 0.33 ± 0.04 
c 

47. 84 ± 2.13 
a 

4.24 ± 0.26 
a 

0.045 ± 0.02 

Sham 0.35 ± 0.02
 c 

46.50 ± 2.11 
a 

4.35 ± 0.16 
a 

0.044 ± 0.01 

OVX 1.31 ± 0.01 
a 

27.66 ± 1.11 
d
 2.23 ± 0.11 

d
 0.050 ± 0.04 

Metformin (100 mg/kg) 1.3 ± 0.05 
a 

27.65 ± 1.16 
d 

2.17 ± 0.23 
d 

0.049 ± 0.02 

Metformin (200 mg/kg) 0.5 ± 0.03 
c 

37.22 ± 1.21 
c 

3.42 ± 0.16 
c 

0.051 ± 0.03 

Metformin (400 mg/kg) 0.8 ± 0.04 
b 

45.33 ± 1.18 
b 

3.54 ± 0.11 
b 

0.052 ±0.01 

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 

Depression is a serious medical illness characterized 

by affective disorder. However, direct mechanisms 

responsible for the depression is remain unclear, it 

seems neurotrophic factors and adult neurogenesis has 

prominent role in depression (22). The prevalence of 

depression is twice in women than men. Estrogen is 

well-known effects on modulating mood and emotion 

(23). There is a correlation with mood and estrogen 

level which reduction in circulating estrogen increases 

mood disturbances in women (24). Also, OVX-

induced depression-like behavior reversed by 

peripheral treatment with estradiol (25). Rodents are 

ideal models for menopausal depressive-like state in 

which their strains, age at ovariectomy and time of the 

behavioral test following OVX influence the results 

(26). It is reported estradiol decreases the latency to 

the onset of depression in TST and TST. Perhaps 

estradiol related antidepressant-like actions mediates 

by its receptors (ERα and ERβ), serotonergic and 

nitrergic receptors in amygdala, hippocampus and 

hypothalamus (27). 

As observed, MET in a dose dependent manner 

decreased immobility time using both TST and FST. 

In a similar report, Ostadhadi et al., (28) reported 

MET-treatment decreased immobility time after bile-

duct ligation. Co-application of the L-Arginine and 

MET had no effect on immobility time using TST and 

FST tests. Co-application of the L-NAME and MET 

(25mg/kg) decreased MET-induced (25mg/kg) 

immobility time. In addition, co-injection of the L-

NAME and MET decreased immobility time. Liu et 

al., (25) reported in rat with hyperlipidemia, injection 

of the MET leads to increase NO production and 

decreased Rho kinase activity. Metformin has 

antidepressant effects and improves cognitive function 

in depressed patients with diabetes mellitus (29). 

Metformin can cross the blood brain barrier and has 

numerous positive role as anti-inflammatory and 

neuroprotective function (30). Also, it is good choice 

for learning and memory function and cognitive 

impairment (31). In the central nervous system, 

cognition and several of the core symptoms of 

depression regulates in the hippocampus (32). 

Hippocampal neurogenesis was decreased by stress 

and increased by chronic antidepressant 

administration. Co-application of the L-NAME and 

MET decreased NO gene expression in OVX mice. 

Also, MET improves spatial learning in a water maze 

task (24). 

It is revealed NO pathway is new treatments for 

numerous neuropsychiatric situations such as mood 

disorders (33). Nitrite is an end product of the NO 

metabolism which is high in depressed patients which 

supports its possible role in depressed patients. 

Several NOS inhibitors have displayed an 

antidepressant-like activity in the FST (26) while NOS 

inhibitors have antidepressant activity in the FST (34). 

Serum NO content enhanced in depression and the 

NOS inhibitors participated in recovering the mood 

disorder, there is proof for a dual effect of NO in the 

FST in mice. However, based on limitation of the 

current study we were not able to determine serum 

levels of the NO in OVX mice. Metformin increase 

NO and endothelial nitric oxidase synthesis (eNOS) 

production and regulating glucose metabolism via C-

reactive protein (35). Metformin acts via AMPK 

phosphorylates endothelial eNOS in a calcium-

independent way. Neuronal isoform of NOS is also 

phosphorylated by AMPK (36). NO is a gaseous 

signaling molecule which has been shown to play the 

role in some mental functions such as depression (35). 

Selective serotonin reuptake inhibitors are the most 

commonly prescribed drugs for the treatment of 

depressive disorder. Serotonin has an important role 
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on increasing brain plasticity and enhancing 

susceptibility to the environment (37). Interestingly 

when fluoxetine administered in an enriched 

environment, leads to an improvement while in a 

stressful environment worsening depression-like 

endpoints such as anhedonic behavior and suppress 

neurogenesis (38). It is suggested co-administration of 

the fluoxetine and MET increase IGF2 expression in 

the dorsal hippocampus and effective in treatment of 

depression (39). In our study, MET + fluoxetine 

significantly amplified antidepressant activity of the 

MET which was in agreement to previous reports. 

Decrease in IGF2 hippocampal expression is 

associated to depression-like behavior induced 

through chronic restraint stress. About molecular 

mechanisms associated to the therapeutic action of the 

combined treatment of the MET + fluoxetine reported 

growth factor might be involved in the antidepressant 

action of the MET + fluoxetine treatment (37). Dorsal 

hippocampus is implicated in depression and is a key 

role for antidepressants. This area has highest 

expression levels of most markers of antidepressant. 

MET stimulates serotoninergic neurons excitability 

and decrease anxiety in insulin-resistant mice (40). 

This findings suggesting MET produces 

antidepressant-like activities (40). MET crosses the 

blood-brain barrier and perhaps via anti-inflammatory 

and neuroprotective properties in the central nervous 

system impress its anxiolytic- and antidepressant-like 

activity (41). 

According to results, OVX increased MDA levels 

compared to the control group and MET reduced the 

MDA levels. The SOD and GPx levels diminished 

following OVX and MET increased the SOD and GPx 

levels. The positive role of the antioxidant effects of 

antidepressants in the treatment of major depressive 

disorder is well documented. Antunes et al., (42) 

reported antioxidant activity of the hesperidin may be 

mediating by O2– and modulation of the CAT and 

GPx activity. Following depression lipid peroxidation 

leads to increase serum MDA along with reduced 

CAT, SOD and glutathione (GSH). The imbalance 

between oxidative stress and antioxidative defenses 

leads to dysregulation of brain functions and 

progression of depression (43). Phospholipids in the 

brain are susceptible to reactive oxygen species (ROS) 

in the pathogenesis of depression. Depression is also 

accompanied by the NO which its elevated levels are 

linked with neuronal damage and apoptosis (44). It 

seems interaction between antioxidant dysfunction 

and NO is responsible for depressive behavior. Also, 

antidepressant effect of the MET mediates by increase 

serum serotonin, norepinephrine and decrease 

corticosterone and adrenocorticotropic hormone 

(ACTH) secretion (45). However, because of 

limitations of the current study we were not able to 

determine serum serotonin, norepinephrine, 

corticosterone and ACTH levels. However, more 

postulated mechanisms include the anti-inflammatory 

and antioxidant properties of metformin (46). 

 

Conclusion 
In conclusion, it seems antidepressant activity of the 

MET mediates by nitrergic and serotoninergic system 

in OVX mice. 

 

Acknowledgment 
The authors thank the Faculty of Veterinary Medicine, 

Science and Research Branch, Tehran, Iran for 

cooperation. This research is conducted as a part of 

the DVM thesis of the first author. 

 

Conflict of interest 
No potential conflict of interest was reported by the 

authors. 

References 

1. Shu XY, Hou DB, Li F. Study on the content 

of alkaloids and polysaccharide in different 

varieties of aconitum carmichaeli. China 

Pharmacy 2010; 21:2916–2918. 

2. Girish C, Raj V, Arya J, Balakrishnan S. 

Evidence for the involvement of the 

monoaminergic system, but not the opioid 

system in the antidepressant-like activity of 

ellagic acid in mice. European Journal of 

Pharmacology 2012; 682(1–3): 118–125. 

3. Toffol E, Heikinheimo O, Partonen T. 

Hormone therapy and mood in 

perimenopausal and postmenopausal women: 

a narrative review. Menopause 2015; 22: 

564–578. 

4. Soares CN. Mood disorders in midlife 

women: understanding the critical window 

and its clinical implications. Menopause 

2014; 21:198–206. 

5. Albert K, Pruessner J, Newhouse P. Estradiol 

levels modulate brain activity and negative 

responses to psychosocial stress across the 

menstrual cycle. Psychoneuroendocrinology 

2015; 59: 14–24. 

6. Ye Y, Liu C, Liu X, Huang S. Ovariectomy 

changes the response to antidepressant drugs 

in tail suspension test in mice. Gynecological 

Endocrinology 2016; 32: 986–990. 

7. Pae CU, Mandelli L, Kim TS, Han C, 

Masand PS, Marks DM, Patkar AA, Steffens 

DC, De Ronchi D, Serretti A. Effectiveness 

of antidepressant treatments in pre-

menopausal versus post-menopausal women: 

a pilot study on differential effects of sex 

hormones on antidepressant effects. 

29 



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

 

Biomedicine & Pharmacotherapy 2009; 

63(3):228-35.  

8. Saravi SS, Arefidoust A, Yaftian R, Saravi 

SS, Dehpour AR. 17α-ethinyl estradiol 

attenuates depressive-like behavior through 

GABA A receptor activation/nitrergic 

pathway blockade in ovariectomized mice. 

Psychoneuroendocrinology 

2016;233(8):1467-85.  

9. Benes J, Kazdova L, Drahota Z, Houstek J, 

Medrikova D, Kopecky J, Kovarova N, 

Vrbacky M, Sedmera D, Strnad H, Kolar M, 

Petrak J, Benada O, Skaroupkova P, 

Cervenka L, Melenovsky V. Effect of 

metformin therapy on cardiac function and 

survival in a volume-overload model of heart 

failure in rats. Clinical Science 2011; 

121:29–41. 

10. Wang Y, Liu B, Yang Y, Wang Y, Zhao Z, 

Miao Z, Zhu J. Metformin exerts 

antidepressant effects by regulated DNA 

hydroxymethylation. Epigenomics 2019; 

11(6):655-67. 

11. Kim YK, Paik JW, Lee SW, Yoon D, Han C, 

Lee BH. Increased plasma nitric oxide level 

associated with suicide attempt in depressive 

patients. Progress Neuro-

Psychopharmacology & Biological 

Psychiatry 2006; 30(6):1091-6.  

12. Zhou QG, Zhu XH, Nemes AD, Zhu DY. 

Neuronal nitric oxide synthase and affective 

disorders. IBRO Reports 2018; 5: 116–132. 

13. Jesse CR, Wilhelm EA, Bortolatto CF, Rocha 

JB, Nogueira CW. Involvement of L-

arginine–nitric oxide–cyclic guanosine 

monophosphate pathway in the 

antidepressant-like effect of bis selenide in 

the mouse tail suspension test. European 

Journal of Pharmacology 2010;635(1-3):135-

41.  

14. Gigliucci V, Buckley KN, Nunan J, O’Shea 

K, Harkin A. A role for serotonin in the 

antidepressant activity of NG-Nitro-L-

arginine, in the rat forced swimming test. 

Pharmacology Biochemistry and Behavior 

2010; 94: 524–533. 

15. Zimmermann M. Ethical guidelines for 

investigations of experimental pain in 

conscious animals. Pain 1983; 16:109-110 

16. Anaraki DK, Sianati S, Sadeghi M, Ghasemi 

M, Javadi P, Mehr SE, Dehpour AR. 

Modulation by female sex hormones of the 

cannabinoid-induced catalepsy and analgesia 

in ovariectomized mice. European Journal of 

Pharmacology 2008;586(1-3):189-96.  

17. 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(4):604-9.  

18. Mirbaha H, Tabaeizadeh M, Shaterian-

Mohammadi H, Tahsili-Fahadan P, Dehpour 

AR. Estrogen pretreatment modulates 

morphine-induced conditioned place 

preference in ovariectomized mice. 

Pharmacology Biochemistry and Behavior 

2009; 92, 399–403. 

19. 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 

20. 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; 29:571-625. 

21. Haj-Mirzaian A, Ostadhadi S, Kordjazy N, 

Dehpour AR, Mehr SE. Opioid/NMDA 

receptors blockade reverses the depressant-

like behavior of foot shock stress in the 

mouse forced swimming test. European 

Journal of Pharmacology 2014;735:26-31. 

22. Jang D, Elfenbein HA. Menstrual cycle 

effects on mental health outcomes: a meta-

analysis. Archives of Suicide Research 2018: 

20: 1–21. 

23. Freeman EW. Associations of depression 

with the transition to menopause. Menopause 

2010; 17:823–7. 

24. 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. 

25. 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. 

26. 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 

27. Kulkarni SK, Dhir A. On the mechanism of 

antidepressant-like action of berberine 

chloride. European Journal of Pharmacology 

2008; 589(1-3): 163-172. 

28. Ostadhadi S, Jahanabadi S, Javadi Sh, 

Saadaei H, Zolfaghari S, Dehpour AR. The 

Involvement of Nitric Oxide in 

Antidepressant-Like Effect of Metformin 

30 



Ahmad Arangeh et al                                                               Journal of Basic and Clinical Pathophysiology, Vol. 9, No. 2, December 2021 

 

 

after Bile-Duct Ligation in NMRI Mice. 

Caspian Journal of Neurological Sciences 

2015; 1(3):1-10. 

29. Guo M, Mi J, Jiang QM, Xu JM, Tang YY, 

Tian G, Wang B. Metformin may produce 

antidepressant effects through improvement 

of cognitive function among depressed 

patients with diabetes mellitus. Clinical and 

Experimental Pharmacology and Physiology 

2014; 41(9): 650-656. 

30. Labuzek K, Suchy D, Gabryel B, Bielecka A, 

Liber S, Okopien B. Quantification of 

metformin by the HPLC method in brain 

regions, cerebrospinal fluid and plasma of 

rats treated with lipopolysaccharide. 

Pharmacological Reports 2010; 62: 956-65. 

31. Pintana H, Apaijai N, Pratchayasakul W, 

Chattipakorn N, Chattipakorn SC. Effects of 

metformin on learning and memory 

behaviors and brain mitochondrial functions 

in high fat diet induced insulin resistant rats. 

Life Sciences 2012; 91: 409-14. 

32. Warner-Schmidt JL, Duman RS. 

Hippocampal neurogenesis: opposing effects 

of stress and antidepressant treatment. 

Hippocampus 2006; 16: 239-49. 

33. Spasić MR, Callaerts P, Norga KK. AMP-

Activated Protein Kinase (AMPK) Molecular 

Crossroad for Metabolic Control and 

Survival of Neurons. Neuroscientist 

2009;15(4):309-16.  

34. Taleb S, Moghaddas P, Balaei MR, Taleb S, 

Rahimpour S, Abbasi A, et al. Metformin 

Improves Skin Flap Survival Through Nitric 

Oxide System. Journal of Surgical Research 

2014;192(2):686-91. 

35. Lo-Ciganic WH, Boudreau RM, Gray SL, 

Zgibor JC, Donohue JM, Perera S, Newman 

AB, Simonsick EM, Bauer DC, Satterfield S, 

Hanlon JT: Changes in cholesterol-lowering 

medications use over a decade in community-

dwelling older adults. Annals of 

Pharmacotherapy 2013, 47:984–992. 

36. He H, Zhao Z, Chen J, Ni Y, Zhong J, Yan Z, 

Li Y, Liu D, Pletcher MJ, Zhu Z: Metformin-

based treatment for obesity-related 

hypertension: a randomized, double-blind, 

placebo-controlled trial. Journal of 

Hypertension 2012; 30:1430–1439. 

37. Liu KC, Li JY, Tan HH, Du CX, Xie W, 

Zhang YM, Ma WL, Zhang L. Serotonin6 

receptors in the dorsal hippocampus regulate 

depressive-like behaviors in unilateral 6-

hydroxydopamine-lesioned Parkinson's rats. 

Neuropharmacology 2015; 95:290-8. 

38. Alboni S, van Dijk M, Poggini S, Milior G, 

Perrotta ML, Drenth T, Brunello N, Wolfer 

D, Limatola C, Amrein I, Cirulli F. 

Hippocampus-related effects of fluoxetine 

treatment under stressful vs enriched 

conditions. Molecular Psychiatry 2017; 

22(4):483-. 

39. Poggini S, Golia MT, Alboni S, Milior G, 

Sciarria LP, Viglione A, et al. Combined 

fluoxetine and metformin treatment 

potentiates antidepressant efficacy increasing 

IGF2 expression in the dorsal hippocampus. 

Neural Plasticity 2019. 
https://doi.org/10.1155/2019/4651031 

40. Zemdegs J, Martin H, Pintana H, Bullich S, 

Manta S, Marqués MA, Moro C, Layé S, 

Ducrocq F, Chattipakorn N, Chattipakorn 

SC. Metformin promotes anxiolytic and 

antidepressant-like responses in insulin-

resistant mice by decreasing circulating 

branched-chain amino acids. Journal of 

Neuroscience 2019;39(30):5935-48. 

41. Khedr SA, Elmelgy AA, El-Kharashi OA, 

Abd-Alkhalek HA, Louka ML, Sallam HA, 

Aboul-Fotouh S. Metformin potentiates 

cognitive and antidepressant effects of 

fluoxetine in rats exposed to chronic restraint 

stress and high fat diet: potential involvement 

of hippocampal c-Jun repression. Naunyn-

Schmiedeberg's Archives of Pharmacology 

2018;391(4):407-22. 

42. 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. Nutr 2014; 

104:19–26. 

43. Woo YS, Lim HK, Wang SM, Bahk WM. 

Clinical evidence of antidepressant effects of 

insulin and anti-hyperglycemic agents and 

implications for the pathophysiology of 

depression—A literature review. 

International Journal of Molecular 

2020;21(18):6969. 

44. Morris G, Berk M, Galecki P, Walder K, 

Maes M. The neuro-immune 

pathophysiology of central and peripheral 

fatigue in systemic immune-inflammatory 

and neuro-immune diseases. Molecular 

Neurobiology 2016;53(2):1195-219.  

45. Papachristou S, Papanas N. Reduction of 

Depression in Diabetes: A New Pleiotropic 

Action of Metformin?. Diabetes Therapy 

2021; 12:965–968. 

46. Keshavarzi S, Kermanshahi S, Karami L, 

Motaghinejad M, Motevalian M, Sadr S. 

Protective role of metformin against 

methamphetamine induced anxiety, 

depression, cognition impairment and 

neurodegeneration in rat: the role of 

CREB/BDNF and Akt/GSK3 signaling 

pathways. Neurotoxicology 2019; 72:74–84. 

31 


