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Introduction  

Postpartum depression (PPD) is one of the most 

common complications problems after childbirth 

(Almeida et al., 2012) and in case of impact on quality 

of life for all family members can have serious and 

even lead to disruption of the relationship between 

mother and baby during the lifetime of the early 

development of the infant's brain (Harati et al., 2014). 

Several factors are involved in causing postpartum 

depression (Lashkaripour et al., 2012). The most 

important collections of biological factors, including 

effects of hormones like drop of estrogen and 

progesterone levels, neurotransmitters function and 

malnutrition (Lashkaripour et al., 2012; Nikseresht       

et al., 2012). 

Physiology and 

Pharmacology 
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Abstract 

Introduction: Plasma magnesium level is reduced after postpartum depression in 

female and this reduction can cause memory impairment. As regards the magnesium 

has antidepressant activity and it's deficiency leads to depression, the aim of this 

study was evaluating the effect of magnesium in form of magnesium oxide 

nanoparticles (MgO NPs) on memory retrieval in a postpartum depression model. 

 

Methods: Adult female mice (27±3g) were divided into groups of control, depressed 

and depressed recipient of MgO NPs (1, 2.5, 5 or 10mg/kg) as an acute and chronic 

administrations. For induction of postpartum depression, chronic administration (5 

days) of progesterone was used and three days after stopping administration, the 

depressive behavior was evaluated by tail suspension test. Passive avoidance 

memory and locomotor activity have done 24 hours after training using the step-down 

and open field devices, respectively. 

 

Results: Induction of postpartum depression model by the withdrawal of 

progesterone significantly decreased the memory retrieval. Acute administration of 

MgO NP significantly improved depression and memory impairment in a dose-

dependent manner, while chronic administration showed less improvement in 

depression and memory. There was no difference between locomotor activities in all 

groups. 

 

Conclusion: It seems that acute administration of MgO NPs could be more suitable 

supplement than its chronic ones for improving depression and prevent memory 

impairment induced by postpartum depression. Probably the duration of nanoparticles 

administration can be a determining factor in their efficacy. 
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Secretion of sex hormones increase during 

pregnancy, but decease significantly after delivery 

and this reduction can cause the onset of postpartum 

depression (Osaghae et al., 2019; Harati et al., 

2014). Progesterone alone or in combination with 

estrogen can reduce depression perhaps by 

interaction with neurotransmitters systems (Walf et 

al., 2010; Nikseresht et al., 2012). Pregnancy can has 

negative effect on memory (Cuttler et al., 2011). 

Memory defects are seen during pregnancy that in 

which short-term and the working memories can be 

disrupted (Almeida et al., 2012; Logan et al., 2014).   

On the other hand, magnesium as a trace element in 

the body is involved in the pathology and treatment of 

depression and can affect neurotransmitter release, 

metabolism and the nervous system activity (Murck et 

al., 2002; Wojcik et al., 2006). Studies have shown 

that magnesium has antidepressant activity and 

magnesium deficiency leads to depression (Eby and 

Eby, 2010; Nikseresht et al., 2012). In animals, 

magnesium reduces immobility in the forced swim 

test similarly to the imipramine as a conventional 

antidepressant (Spasov et al., 2008). The foundation 

of learning (long-term potentiation [LTP]), memory 

and depression is N-methyl-D-aspartate (NMDA; one 

of glutamate ionic receptor) receptors (Sarreshtehdar 

et al., 2012; Hayashi et al., 2014). Magnesium-

depletion is specifically deleterious to neurons by 

causing NMDA-coupled calcium channels to be 

biased towards opening because magnesium is 

nature’s NMDA receptor blocker (Hayashi et al., 

2014).  

Magnesium plays a role in many of the pathways, 

enzymes, hormones and neurotransmitters involved 

in mood regulation (Tarleton et al., 2017). In low 

magnesium states, high levels of calcium and 

glutamate may deregulate synaptic function, resulting 

in depression (Deutschenbaur et al., 2016; Tarleton 

et al., 2017). Depression and magnesium are also 

both associated with systemic inflammation. Since 

the mechanism of magnesium’s role in depression is 

still not clear, it is difficult to say why this relationship 

with antidepressants may exist. The mechanism may 

be related to their anti-inflammatory properties or role 

in NMDA and glutamate activity. Magnesium 

supplementation may allow for lower antidepressant 

dosage or avoid the need for use of a second 

medication, both of which could reduce overall side 

effect burden (Tarleton et al., 2017). 

Magnesium increases BDNF expression, which may 

be connected with the reduction of NMDA receptor 

function. Inhibition of the glycogen synthase kinase-3 

(GSK-3) enzyme is involved in the mechanisms of 

action of antidepressant drugs. Since magnesium is a 

potent inhibitor of this enzyme, GSK-3 may well be a 

possible target of antidepressant activity of this ion 

(Szewczyk et al., 2008). Some studies have 

demonstrated that the NMDA receptor antagonists 

exhibit antidepressant-like activity in animal models 

(Poleszak et al., 2004; Li et al., 2010). Long-term oral 

administration of magnesium supplements, enhanced 

brain magnesium levels and leading to increased 

synaptic plasticity (Hayashi et al., 2014). Magnesium 

increases the ability of the animal to store the data in 

memory caches and the power to recall stored 

information (Sarreshtehdar et al., 2012). 

Magnesium deficiency has been shown to lead to 

changes in the functioning of the central nervous 

system, especially in the glutamatergic transmission 

in the limbic system and cerebral cortex brain regions 

that play important roles in the etiopathogenesis of 

depression. However, despite magnesium’s well-

known involvement in the voltage gating function of 

the NMDA receptor, evidence pointing towards direct 

magnesium-induced changes in NMDA channels in 

the expression of depression-like behavior is scarce. 

Evidence supports the possibility that magnesium 

deficiency disrupts neuronal function by means of 

increasing neuronal calcium flow, thereby resulting in 

increased nitric oxide, a toxic reactive oxygen species 

(ROS) that leads to neuronal swelling and death 

(Wang et al., 2018). Magnesium could potentially 

exert antidepressant effects through its role in 

serotonergic, noradrenergic and dopaminergic 

neurotransmission (Wang et al., 2018). 

In the recent years, nanotechnology and new nano-

materials with a wide range of important applications 

in the cellular and molecular level, have become 

more widespread (Suresh and Utkarsh, 2013; 

Kesmati et al., 2014). Metal oxide nanoparticles are 

used for various purposes of medical sciences (Adabi 

et al., 2017; Mohammed et al., 2017). However, 

limited research in the field of direct application of 

nanoparticles in the body is taken (Suresh et al., 

2013). Today magnesium oxide nanoparticles (MgO 

NPs) are using for medical treatment and drugs 

transfer (Abdolahzadeh et al., 2014; Mohammed       

et al., 2017). MgO NPs after entering the body can be 
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more effective than bulk form (Wang et al., 2012; 

Jahangiri et al., 2013). They have a higher surface to 

volume ratio compared to conventional composition 

and increased absorption rate and nanoparticles are 

affected better and faster than their natural forms 

(Archakov et al., 2010). 

Thus postpartum depression impairs learning and 

memory (Almeida et al., 2012; Kataja et al., 2017) 

and magnesium levels in mothers are reduced in late 

pregnancy and postpartum (Grossi et al., 2017), 

magnesium can reduce postpartum depression 

(Kronqvist, 2011; Kesmati et al., 2017), and our 

previous studies have shown that MgO NPs could 

affect learning and memory (Kesmati et  al., 2016). In 

this study, the effect of acute and chronic treatment of 

MgO NPs has been investigated on learning and 

memory impairment induced by postpartum 

depression in adult female mice. 

Materials and methods  

Animals 

In this experimental research 84 adult female albino 

NMRI mice (27±3g) were used. Animals were housed 

in groups of 7 with free access to food and water 

unless during the test time and under temperature 

controlled room (24±1°C) with a 12 hours light/ dark 

cycle. All mice were allowed to adapt to their caging 

environment for at least two weeks prior to the PPD 

induction. All experiments were carried out in 

accordance with institutional guidelines for animal 

care and use of laboratory animals that approved by 

Shahid Chamran University of Ahvaz, Ahvaz, Iran 

(Code number: EE/96.24.3.88376/scu.ac.ir). 

 

Experimental design and components   

PPD induction: 

For induction of PPD, mice received progesterone 

(5mg/kg) for 5 consecutive days that had been 

prepared in the sesame oil solvent (Nikseresht et al., 

2012). After 5 days, progesterone infusion was 

interrupted for 3 days and on the eight days, 

behavioral tests were performed. MgO NP (lolitech 

Co, Germany, particle size <100nm) was dispersed in 

%0.9 saline by the ultrasonic bath for 16min and 

shaken for 1min\ before of each injection. All 

components were injected intraperitoneally in volume 

of 0.05ml/kg (Nikseresht et al., 2012). Training and 

injections and all behavioral experiments took place 

during the light cycle and were conducted from 8:00 

am to 14:00 pm. In acute injection, MgO NP was 

administered 30min before the test.  

 

Animals grouping 

To study the effect of MgO NP on memory 

impairment in depressed female mice, the animals 

were divided into 12 groups that are presented in 

Table 1. Tests on animals were performed as follows: 

on the first day of the experiment, 30min after MgO, 

saline or sesame oil injections and then tail 

suspension test was used to measure the 

 

Table 1: Animals grouping and components injection. 

Groups 
Days 

1-5 6-7 8 

1 Saline Saline  - Saline + tests 

2 Vehicle Sesame oil  - Saline + tests 

3 Progesterone +  acute saline Progesterone - Saline + tests 

4 Acute MgO NP 1  mg/ kg Progesterone - MgO 1mg/ kg+ tests 

5 Acute MgO NP 2.5  mg/ kg Progesterone - MgO 2.5 mg/ kg+ tests 

6 Acute MgO NP  5 mg/ kg Progesterone - MgO 5 mg/ kg + tests 

7 Acute MgO NP 10  mg/ kg Progesterone - MgO 10 mg/ kg + tests 

8 Progesterone + chronic saline Progesterone + saline Saline Saline + tests 

9 Chronic MgO NP 1  mg/ kg Progesterone + MgO 1 mg/ kg MgO 1 mg/ kg MgO 1  mg/ kg + tests 

10 Chronic MgO NP 2.5 mg/ kg Progesterone + MgO 2.5 mg/ kg MgO 2.5 mg/ kg MgO 2.5  mg/ kg+ tests 

11 Chronic MgO NP 5  mg/ kg Progesterone + MgO 5  mg/ kg MgO 5  mg/ kg MgO 5  mg/ kg + tests 

12 Chronic MgO NP 10  mg/ kg Progesterone + MgO 10  mg/ kg MgO 10  mg/ kg MgO 10 mg/ kg + tests 
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depression. After the tail suspension test, the animal 

was trained in a memory shuttle box and interval time 

between two tests was one hour. On the second day 

of the experiment, the memory test was first taken 

from each animal and after one hour, the animal was 

tested for motor activity testing. 

 

Tail suspension test 

Tail suspension test was used for measure the 

depressive like behavior in the mouse. In this test, 

mice were suspended on the metal rod stand 50–

75cm above the table top by the adhesive tape 

placed approximately 1cm from the tip of the tail. 

Immobility time was recorded during 6 minutes. The 

animal was considered to be immobile when did not 

show any movement of the body and hanged 

passively. A decrease in the immobility period is 

indicative of antidepressant-like activity (Can et al., 

2012). 

 

Step down test  

To evaluate the passive avoidance memory, used a 

box (40×30×30cm) with a wooden platform at the 

center and head of steel bars that applied electric 

shocks to the feet of mice by an irritating machine. 

On training day, the mice were placed in the middle 

of the box on the platform. As soon as the mice came 

down from the platform, electric shocks applied for 

15s to the feet. On the test day without electric 

shocks, the mice were placed on the platform for 

5min and time of avoiding down the platform was 

considered as memory retrieval (Pochwat et al., 2015). 

 

Open field test 

Locomotor activity evaluated by the open field device 

after 1 hours of memory test. Mice were placed in the 

middle of the box that had 16 divisions and the 

numbers of crossing in 5min were recorded (Pochwat 

et al., 2015). 

 

Statistical analysis 

The mean of data was compared between the groups 

by Graph Pad InStat software (version 3.00) and the 

statistically significant level was P<0.05. Graphical 

data are expressed as mean±SEM. The data analysis 

was performed by one-way analysis of variance 

(ANOVA) and Tukey Post hoc statistical tests 

between multiple groups and student t-test was used 

for comparison between two groups.  

Results 

The effects of acute and chronic administrations 

of MgO NP on the postpartum depression in the 

tail suspension test  

Figure 1A shows the effect of acute administration of 

different doses of MgO NP (1, 2.5, 5 or 10mg/kg) on 

postpartum depression induced by progesterone. 

Statistical analysis showed that there was no 

significant difference between saline and sesame oil 

receiving groups in immobility time [t(12)=0.58, 

P<0.5] and progesterone caused a significant 

immobilization than the vehicle group receiving 

sesame oil [t(11)= 5.417, P<0.001]. Acute 

administration of MgO NP (5 or 10mg/kg) reduced 

immobility time in comparison with the control group 

[F(2,14)= 28.945, P<0.001]. Chronic administration of 

MgO NP (1, 5 or 10mg/kg) reduced the immobility 

time and relative improve the symptoms of 

depression in female mice (Fig. 1B) [F(3,24)= 7.731, 

P<0.05 , P<0.001]. 

 

Effects of acute and chronic administration MgO 

NP on the memory retrieval in the step-down test  

Figure 2A shows the effect of acute administration of 

MgO NP (1, 2.5, 5 or 10mg/kg) in the memory test 

after postpartum depression induced by 

progesterone. Statistical analysis showed that PPD 

significantly decreased memory in comparison with 

vehicle group [t(8)= 3.357, P<0.01]. Acute 

administration of MgO NP (5 or 10mg/kg) increased 

step-down latency comparing to the control group 

[F(2,13)=21.213, P<0.001]. MgO NP (1 and 

2.5mg/kg) increased step-down latency to a lesser 

extent [F(2,14)= 3.157, P<0.01]. Chronic 

administration of MgO NP also increased the time 

spent on the platform in a dose dependent manner 

and improved the memory significantly at the doses 

of 5 and 10mg/kg [F(2,15)= 3.510, P<0.05] (Fig. 2B).  

 

Effects of acute and chronic administration MgO 

NP on the locomotor activity in open field test  

Effects of MgO NP on locomotor activity in the open 

field test have shown in Table 2. MgO NP at all doses 

did not influence the locomotor activity in all groups.  

 

Comparison between the acute and chronic 

administrations of MgO NP on the postpartum 

depression and passive avoidance memory in 



 

 

 
 67   |   Physiol Pharmacol 24 (2020) 63-73                                                    Zadedarvish  et al.

        

 

PPD model 

Figures 3 and 4 show the effects of acute and chronic 

administrations of MgO NP on depression and 

memory. Comparing between the acute and chronic 

administrations of MgO NP shows that chronic 

administration has relatively better effects on 

depression than acute administration. There is 

significant difference between acute and chronic 

administration of MgO NP in 1mg/kg [t(10)= 3.143, 

P<0.01] (Fig. 3), while effects of acute administrations 

of MgO NP on memory were better than chronic and 

statistical analysis showed that significant differences 

between acute and chronic administrations of MgO 

NP in 5 and 10mg/kg [F(3,18)=2.014, P<0.05] (Fig. 4). 

Discussion 

In this study, we have showed that the withdrawal of 

chronic treatment of progesterone could induce a 

sign of depression like behavior in mice. Various 

factors have been suggested for postpartum 

depression, including drop of estrogen and 

progesterone levels (Lashkaripour et al., 2012; Harati 

et al., 2014). Some studies have shown that a 

sudden loss of sexual hormones after delivery causes 

the extreme release of neurotransmitters in the brain 

that lead to lack of suppression of many depressive 

factors and indicated that sex hormones suppress 

stress and tension activities through the 
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Table 2: Effects of acute and chronic administration magnesium oxide nanoparticle (MgO NP) on locomotor activity in 

the open field test. 

Group Dose(mg/kg)  Type of injection Number of crossing 

Saline - - 142.57±18.2
 

Sesame oil - - 105.16±13.5 

Pro + saline - Acute 109.16±11.2 

Pro + saline - Chronic 117.62±13 

Pro+ MgO NP 1  Acute 105.5±4.5 

Pro+ MgO NP 1 Chronic  103.5±10.5 

Pro+ MgO NP 2.5 Acute  124.57±13.1 

Pro+ MgO NP 2.5 Chronic  161.6±25.8 

Pro+ MgO NP 5 Acute  91.83±9.2 

Pro+ MgO NP 5 Chronic  123.6±28.7 

Pro+ MgO NP 10 Acute  126.14±11.9 

Pro+ MgO NP 10 Chronic 114±11.6 
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hypothalamic-pituitary-adrenal (HPA) axis and reduce 

depression (Hendrick et al., 1998; Poromaa et al., 

2017; Gavin et al., 2018).  

The biological mechanisms of sex hormones on the 

central nervous system have shown that these 

hormones are involved in the manufacture. of certain 

neurotransmitters such as dopamine, norepinephrine 

and serotonin (Amin et al., 2005). These 

neurotransmitters can be effective on different parts 

of the brain such as limbic system, hippocampus and 

vision cortex that are involved in depression (Zhang 

et al., 2018) and memory (Sarreshtehdar et al., 2012; 

Failla et al., 2016; Handra et al., 2019) and their 

reduction are causes of depression through the 

impact on these areas (Almeida et al., 2012). 

Memory impairment induced by postpartum 

depression in this study is confirmed by Almeida et al. 

(2012) that showed the short-term memory is 

defective in postpartum depression. In this study, 

MgO NPs improved postpartum depression and 
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memory impairment in a dose-dependent manner 

without any changes in locomotor activity. Acute and 

chronic administrations of MgO NPs have significant 

effects on duration of immobility time in the tail 

suspension test and reduced it. However, it seems 

that chronic administration was able to further 

reduction than acute administration. Our findings are 

consistent with previous studies on the effectiveness 

of magnesium-containing compounds in depressed 

animal models and human (Poleszak et al., 2004; 

Eby and Eby, 2010).  

Magnesium antidepressant activity is also seen in a 

short and chronic term usage (Szewczyk et al., 

2008). Human studies have shown that the 

magnesium deficiency is an important factor in 

developing depression and transmission (Szkup et 

al., 2017; Phelan et al., 2018) of large amounts of this 

element from mother-to-child with other nutrients may 

help occurrence postpartum depression (Eby and 

Eby, 2010). It has been suggested that magnesium is 

affected many systems involved in depression (Szkup 

et al., 2017). Magnesium is an essential cation for 

women’s preconception health and in blood, the 

concentration of ionized form of magnesium is 

temporally altered during menstrual cycle, suggesting 

a correlation between serum sex steroid hormones 

and circulatingionized magnesium level (Soares and 

Zitek, 2008). In addition, magnesium level decreases 

during pregnancy (Grossi et al., 2017).  

NMDA receptor is a glutamate-gated channel in the 

central nervous system that has an important role in 

learning, memory and in LTP mechanism (Slutsky et 

al., 2010; Grossi et al., 2017). Synaptic plasticity of 

LTP is an ability that regulates synaptic transmission 

performance with the regulation of the NMDA 

receptor numbers and some changes in its subunits 

(Hayashi et al., 2014). Increasing of magnesium 

enhancing block and down-regulating of NMDA 

receptor and magnesium decline in the brain is 

allowing the calcium and sodium enter the 

postsynaptic neuron and potassium ions are removed 

(Vogel, 2002; Almeida et al., 2012; Hayashi et al., 

2014). Increased influx of calcium ions leads to the 

production of toxic ROS (Bossio et al., 2018) and 

nitric oxide radicals and also neuronal death (Dawson 

and Dawson, 2018). Neural dysfunction and 

depression due to excessive leakage of calcium in 

the cells causes a release of glutamate synapses and 

neurons depolarized and calcium ions in failure 

further increase the ATP in nerve cells (Eby and Eby, 

2010). Some researchers have confirmed that 

magnesium deficiency with an excess of calcium and 

glutamate synaptic dysfunction of brain cells can lead 

to mood and behavior disorders such as depression 

(Eby and Eby, 2010; Deutschenbaur et al., 2016; 

Osaghae et al., 2019). 

Long‐term potentiation modifications are mainly 

related to the activation of the NMDA receptors. 

Because transmitter release, neuronal excitability and 

NMDA activation are modulated by magnesium, a 

change in brain magnesium homeostasis could affect 

synaptic strength and plasticity in neuronal networks 

and consequently could alter memory capacities. 

According to these postulates, LTP increase in 

magnesium levels facilitates the conversion of 

synapses to a plastic state while learning and 

memory capacities are enhanced in adult animals fed 

with a diet enriched in magnesium improves learning 

and memory in aged animals (Vink and Nechifor, 

2011). In the present study, it was shown that acute 

and chronic injections of MgO NPs could significantly 

affects passive avoidance memory without changes 

of locomotor activity. It seems that acute injection of 

MgO NPs has created better conditions for these 

nanoparticles effect on memory deficits induced 

depression model. 

In biological systems, MgO NPs can increase ROS 

expression and toxicity depending on their doses 

(Hasbullah et al., 2013; Kumaran et al., 2015). 

Mazaheri et al. (2018) have shown that, high 

concentrations of MgO NPs induced toxicity in Wistar 

rats. Also it has been shown that by increasing the 

nanoparticles concentration ions releasing of them 

decreased, as well nanoparticles tended to aggregate 

in the aqueous environments and cellular systems at 

higher concentrations that these may reduce their 

efficacy (Auría-Soro et al., 2019; Torabi et al., 2020).  

 It has been shown that MgO NPs can improve long-

term memory (24 hours of training) (Abdolahzadeh et 

al., 2014). On the other hand, there is a direct 

relationship between magnesium deficiency in the 

brain and impaired learning ability and increase the 

concentration of magnesium in addition to increased 

synaptic plasticity, improves memory by increasing 

synaptic NMDA receptors (Slutsky et al., 2010; Wang 

et al., 2013). Also it has been reported that acute 

injection of MgO NPs could change magnesium level 

in the serum and hippocampus of animals (Torabi et 
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al., 2018). So that probably MgO NPs can cross the 

blood-brain barrier and play its role in improving 

memory and depression.  

Conclusion 

It seems that, acute administration of MgO NPs can 

be a suitable supplement for memory impairment 

induced by postpartum depression and probably 

aggregation or toxicity of MgO NPs at the highest 

dose disrupts their activity. Finding the exact 

mechanisms involved in the antidepressant effects of 

MgO NPs and its efficacy in memory improvements 

need more investigations. 
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