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Introduction  

 Depression is an emotional state characterized by low mood, 

anhedonia, feelings of hopelessness, insomnia and even loss of appetite. 

It is considered one of the main types of mood disorders.1 Anxiety is 

another emotional state with clinical features of fear, worry, tension, 

and even physical changes such as palpitations and tremors without an 

obvious cause.1 The Institute of Health Metrics and Evaluation2 

described both diseases as the most common mental disorders in human 

health with over 280 million people in the world suffering from these 

disorders. As the number of sufferers rises, so does the need to explore 

more efficient therapies for the management of mood disorders. Aside 

the conventional approach (that is, the currently used medications), 

there are indications that gut-microbiota play a major role in the 

regulation of mood and behaviours. 
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Therefore, in recent times, attention has gradually shifted towards the 

constitution of gut microbiome in relation to behaviours and brain 

molecular disruptions. Several studies have reported a bidirectional 

communication between the gut and the brain, and how gut microbiota 

affects mood and behaviours, hence the existing evidence that 

probiotics can alter the constitution and condition of the gut 

microbiome.3 Trillions of microorganisms in the intestines have been 

shown to regulate the gut-brain axis with the presence of compelling 

evidence of specific microorganisms affecting behaviours and 

molecular abnormalities in the brain.4 

Probiotics are live non-pathogenic microorganisms, which can confer 

health benefit(s) on the host by stimulating the host’s immune response 

to invading pathogens.5-7 They are most found in dairy products, breast 

milk, and fermented vegetables.7 Several preclinical studies have 

demonstrated the benefit of probiotics in mood and cognitive 

dysfunctions. Li et al. 8 described an improvement in spatial memory in 

rats after probiotics supplementation. In addition, Bravo and colleagues 
9, 10 reported the beneficial effect of probiotics on depression and anxiety 

in rodent models. Also, probiotics caused a significant reduction in the 

indices of depression and anxiety and re-established brain chemistry. 11 

Earlier, certain probiotics formulation significantly ameliorated 

neuroinflammation in aged rats.12 The anti-inflammatory effect 

demonstrated by probiotics in the gut and central nervous system has 

been attributed to its ability to limit the production of pro-inflammatory 

cytokines (tumour necrosis factor alpha, TNF- α; interleukin-12, IL-12; 

and interferon gamma, IFN-γ) 13 which have been implicated in the 

pathophysiology of mood disorders.  

In the same vein, Ng et al. 14 highlighted the therapeutic potential of 

probiotics in the treatment of some psychiatric disorders. Consistently, 
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Depression is one of the most worrisome disorders of the central nervous system (CNS). Recently, 

more researchers have delved into studying the links between the gut microbiota and psychiatric 

disorders such as depression, anxiety, and cognitive impairments such as amnesia. With this novel 

angle came the research into probiotics, the gut microbiota-modifying bacteria. This study was 

therefore designed to evaluate the neuroprotective effect of specific probiotic strains on chronic 

unpredictable stress induced depressive symptoms in mice. Thirty-five mice (20-30 g) were shared 
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However, a significant (p<0.05) reversal of these effects was observed in the probiotics-treated 
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against CUS-induced depression in mice. 
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Marotta et al. 15 reported that probiotics significantly enhanced mood 

and physiological well-being. More recently, reports on the mood-

enhancing and health-improving effects of probiotics via the host’s gut-

brain axis have emerged. 1,16 Therefore, the present study sought to 

leverage on the current knowledge about the beneficial effects of 

probiotics on specific aspects of mood (depression and anxiety) while 

investigating the neuroprotective effect of lactobacillus strains against 

chronic stress-induced behavioural abnormalities in animals. 

 

Materials and Methods 

Preparation of Probiotic strains 

Five strains of lactobacillus (Lactobacillus plantarum A014, 

Lactobacillus rhamnosus A072, Lactobacillus pseudomensenteroides 

A064, Lactobacillus pentosus A044 and Lactobacillus plantarum 

A084) were collected and isolated from human breast milk and faecal 

samples. The five strains were cultured in MRS–cysteine medium and 

incubated for 24 hours at 37oC under anaerobic conditions. The Gaspak 

Jar (BBL, USA) inserted with Anaero GenTM 3.5L (Thermo Scientific, 

Oxoid, Japan) were used during the incubation process. 17 Each 

probiotic strains (with approximate cell counts of 1 x 108 CFU/mL) was 

collected and centrifuged for 10 minutes at 4,000 rpm. They were later 

washed twice and re-suspended in 10 mL of sterile phosphate-buffered 

saline (PBS) to produce a kind of probiotic cocktail. 

 

Experimental animals  

Thirty-five male Swiss mice (20–30 g) were acquired from the 

University of Ibadan Central Animal House, Ibadan, Nigeria. The 

animals were allowed to acclimatize in Afe Babalola University Animal 

House for two weeks under standard conditions. The animals were 

given standard animal feed (pellet) and water daily. The experimental 

research was approved by the Afe Babalola University Ethical 

Committee (AB/EC/20/22/08) and the animals were handled following 

the guidelines outlined in the Guide for use and care of laboratory 

animals.18 

 

Experimental procedure  

Chronic unpredictable stress (CUS) was applied to mice according to 

Antoniuk et al. 19 The thirty-five mice were randomly divided into five 

groups (n = 7). Groups 1 and 2 received vehicle (10 mL/kg), groups 3 

and 4 received probiotics (10 mL/kg), and group 5 received fluoxetine 

(10 mg/kg). All groups were exposed to chronic stress daily except 

group 1, which served as the normal control, and group 4 that received 

probiotics only. All animals were housed singly and the following 

stressors were applied for three weeks: water withdrawal (12 hrs), cage 

tilt at 45o (7 hrs), moist beddings (7 hrs), overnight illumination (12 hrs), 

background noise (30 mins), food withdrawal (12 hrs), moist beddings 

(12 hrs), tail pinch (1 min), cage tilt at 45o (12 hrs), foot shock (30 sec), 

overnight illumination (12 hrs) and final cage tilt at 45o(7 hrs).20-22 In 

order for the protocol to truly be unpredictable, no same stressor was 

applied on two consecutive days. 

 

Behavioural assays  

All animals were subjected to behavioural tests twenty-four hours after 

the last treatment and CUMS procedure. 

 

Open field test 

The open field test was carried out using an open field apparatus (60 x 

60 x 30 cm3) with sixteen squares (15x15 cm3). Each mouse was placed 

in one of the central squares and locomotor activity was measured by 

counting the number of squares the animal moved over for5 mins. The 

apparatus was cleaned with diluted alcohol (70%) before each new 

mouse was tested.23 

 

Forced Swim Test 

The forced swim test was carried out by following the procedure that 

was described by Porsolt.24 Each mouse was allowed to swim in a 

cylindrical container (10cm diameter and 25cm height) which was filled 

with water for 6 mins. The mobility time (time spent in active 

swimming, floating, struggling) and immobility was recorded during 

the last 4 mins using a stopwatch.  

 

Tail Suspension Test      

The tail suspension test was carried out as described by Steru and others. 
25 Each mouse was suspended by the tail on a wire attached to a tripod 

stand at a height of 50 cm with the help of an adhesive tape. Total time 

for the test was 6 mins but duration of immobility was recorded for the 

final 4 mins. 

 

Sucrose Splash Test 

Sucrose splash test was carried out at the beginning and at the end of 

each CUMS procedure. Anhedonic symptoms were assessed in the 

animals by splashing 10% sucrose solution on the dorsal coat of each 

mouse.  The grooming time was recorded for 5 mins. 

 

Biochemical assay for cytokines 

The day after behavioral tests, the mice in all groups were anesthetized 

and subsequently sacrificed by decapitation. The whole brains were 

rapidly removed and placed in cold media. Soon after, the prefrontal 

cortex (PFC) and hippocampus of each mouse brain were removed. 

Thereafter, one half of the brain samples were homogenized with cold 

PBS and centrifuged at 10,000rev/min for 15 mins. The supernatant 

separated from the centrifuged brain sample was used to assay IL-12, 

and IFN-γ concentrations using ELISA kits from BioLegend® USA. 

The procedure was carried out following the manufacturer’s 

instructions.  

 

Golgi Staining  

Golgi staining was carried out on the hippocampus and prefrontal brain 

slices as modified by Zhang and colleagues. 26 

 

Statistical analysis     

The data was analysed by using one-way analysis of variance 

(ANOVA). The Tukey’s multiple comparison post-hoc test was used to 

analyse and compare the differences between the various groups. The 

data were presented as mean ± standard deviation (SD) at p<0.05 level 

of significance. Results are presented in graphs and bar charts.  

 

Results and Discussion 

Probiotics attenuates chronic unpredictable stress-induced depressive-

like behaviours in mice 

Psychiatric disorders are worsened by the exposure to chronic stress 

from external sources. This is because such stressors can cause 

permanent damage to certain areas of the central nervous system 

(CNS).27,28 In preclinical psychiatric studies, the chronic unpredictable 

stress (CUS) model of depression is most used because of its established 

effectiveness.29,30 In other studies, some behaviours were associated 

with depression such as an increase in immobility time in the tail 

suspension and forced swimming tests.31 

In the present study, effect of probiotics on the behavioural 

abnormalities displayed by mice following exposure to chronic 

unpredictable stress (CUS) was evaluated using forced swim test (FST), 

tail suspension test (TST) and sucrose splash test (SST). Following one-

way ANOVA analysis, the data showed significant difference in the 

immobility time in the FST [F (4, 21) = 18.85, P<0.0001]; TST [F (4, 24) = 

8.186, P=0.0003] and sucrose preference index (grooming time) in SPT 

[F (4, 22) = 7.870, P=0.0004]. Furthermore, post hoc revealed that the 

group of animals exposed to stress (CUS group) significantly (p< 0.05) 

recorded increased immobility time in the FST (Figure 1) and TST 

(Figure 2) and decreased sucrose preference (i.e., decreased grooming) 

in the SST (Figure 3) compared with the control. However, treatment 

with probiotics significantly (p<0.05) reversed these depressive-like 

behaviours by decreasing immobility time in FST and TST and 

increasing grooming in SST compared with the CUS-exposed animals. 

This agrees with the study by Akkasheh et al. 32 which revealed 

clinically diagnosed depressed adults scored lower than the placebo 

group on the Beck Depression Inventory, and Steenbergen et al.’s study 
33 where depressed patients treated with probiotics had significantly 

lower cognitive reactivity to sadness and aggression. Also, several 

studies, over the years, have agreed that interventions targeted at the gut 

microbiota may most likely be effective treatment for neuropsychiatric 

disorders.34-37 
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Figure 1: Effect of probiotics on CUS-induced depressive-like 

behaviours  
Data represent mean ± SD (𝑛=5-6).  

# 𝑝< 0.05 when compared with control group; *𝑝< 0.05, when 

compared with CUS group  

CTRL- control; CUS- chronic unpredictable stress; PR- probiotics; 

FLX- fluoxetine 

CUS significantly increased immobility time in FST compared to 

control. 
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Figure 2: Effect of probiotics on CUS-induced depressive-like 

behaviours  
Data represent mean ± SD (𝑛=5–7).  

# 𝑝< 0.05 when compared with control group; *𝑝< 0.05, when 

compared with CUS group  

CTRL- control; CUS- chronic unpredictable stress; PR- probiotics; 

FLX- fluoxetine 

CUS significantly increased immobility time in TST compared to 

control. 

 

Probiotics attenuates CUS-induced pro-inflammatory cytokines (IFN-γ 

and IL-12) in mice brains 

Inflammation plays a key role in the pathogenesis of depression and 

cytokine have been implicated in the pathology of depression. 38 In 

agreement with previous studies, animals exposed to chronic stress 

exhibited behavioural abnormalities accompanied by elevated 

proinflammatory cytokines.39,40  There was significant difference in the 

level of IL-12 [F (4, 20) = 18.51; P<0.0001) and IFN-γ [F (4, 24) = 23.28; 

P<0.0001] among the groups. Tukey’s multiple comparison tests further 

revealed that CUS significantly (p < 0.05) increased brain levels of IL-

12 (Fig. 4) and IFN-γ (Figure 5) compared with control. However, the 

mice pre-treated with probiotics showed a significant decline in the 

concentration of IL-12 and IFN-γ compared with CUS treated animals. 

This finding is consistent with the recent report that probiotics 

demonstrate anti-inflammatory effect against pro-inflammatory 

biomarkers in CUS-induced depressive-like model in mice.39 The 

outcome of this study also agrees with other studies that post-stress 

probiotics treatment caused a reduction in TNF-α and IFN-γ levels,40,41 

and Chong et al.42 reported reduced levels of proinflammatory cytokines 

following Lactobacillus plantarum DR7 administration. 

 

Probiotics offers neuroprotection against CUS-induced 

neurodegeneration in hippocampus and prefrontal cortex 

Structural and functional alteration in the brain regions like 

hippocampus and prefrontal cortex are strongly associated with 

depression.43 Evidence of reduced hippocampal volume of depressed 

patient has been reported.44 In this study, histology of the prefrontal 

cortex and hippocampal regions of the brain revealed clear 

neurodegeneration of dendrite and neuronal cells in the groups exposed 

to stress. The pyramidal cells and dendrites were significantly depleted 

in the group exposed to stress alone compared to control (Figure 6). 

However, this depletion was significantly reduced by the treatment with 

probiotic. This is indicative of its neuroprotective effect against chronic 

stress. Existing studies have reported beneficial effects of probiotics on 

the neurodegenerative process by restoring neuronal health, 45 and brain 

weight in 6-month old 3xTg-AD mice.46 Other probiotic strains 

(Lactobacillus pentosus A4C, Lactobacillus pentosus B1B, and 

Lactobacillus rhamnosus 12) have also shown neuroprotective effect on 

hippocampus region of the brain. 
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Figure 3: Effect of probiotics on CUS-induced depressive-like 

behaviours  
Data represent mean ± SD (𝑛=5-6).  

# 𝑝< 0.05 when compared with control group; *𝑝< 0.05, when 

compared with CUS group  

CTRL- control; CUS- chronic unpredictable stress; PR- probiotics; 

FLX- fluoxetine 

CUS significantly decreased grooming time in SST compared to 

control. 

 

Conclusion 

Probiotics attenuated chronic stress induced behavioural dysfunction in 

mice. It can therefore be said that its anti-inflammatory and neuro-

protective activities against impairments linked to chronic stress may 

also contribute to its antidepressant-like action. However, further 

studies are needed to affirm its potential benefit as adjunct therapy in 

the management of CNS disorders. 
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Figure 4: Effect of probiotics on the brain level of pro-

inflammatory cytokines in mice subjected to CUS model of 

depression. 
Data represent mean ± SD (𝑛=5).  

# 𝑝< 0.05 when compared with control group; *𝑝< 0.05, when 

compared with CUS group 

CTRL- control; CUS- chronic unpredictable stress; PR- probiotics; 

FLX- fluoxetine 

CUS significantly increased concentration of IL-12 compared to 

control. 
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Figure 5: Effect of probiotics on the brain level of pro-

inflammatory cytokines in mice subjected to CUS model of 

depression 
Data represent mean ± SD (𝑛=5-6).  

# 𝑝< 0.05 when compared with control group; *𝑝< 0.05, when 

compared with CUS group 

CTRL- control; CUS- chronic unpredictable stress; PR- probiotics; 

FLX- fluoxetine 

CUS significantly increased concentration of IFN- γ compared to 

control. 

 

 
Figure 6: Representative Golgi-stained sections of hippocampus (top) and prefrontal cortex (bottom) of CUS exposed animals. In CUS 

group, dendritic arborisation appears reduced. No observable difference in the pattern of the dendritic arborisation in CUS/PR, PR only 

and CTL groups.  Magnification- X100 
CTRL- control; CUS- chronic unpredictable stress; PR - probiotics; FLX- fluoxetine 
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