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Abstract: Depression affects over 264 million people of all ages globally. Major depressive disorder 
significantly and chronically reduced quality of life by its association with functional impairment both at home 
and in the workplace. Depressive patients consistently complain about cognitive disturbances, significantly 
exacerbating the burden of this illness. Several studies have shown that alpha-lipoic acid (ALA) possesses 
mitochondrial, antioxidant, anti-inflammatory and anti-diabetic properties, indicating a basis for evaluating 
the efficacy of ALA in depression. Hence, this research aimed to assess the possible anti-depressant effect of 
ALA in mice exposed to the open space forced swim test (OSFST) model of depression. Twenty-five (25) Swiss 
albino mice were grouped into five groups (n=5). Group 1: [Normal saline (NS)], Groups 2, 3 and 4 received 
graded doses of ALA 100, 200 and 400 mg/kg, respectively, Group 5 received fluoxetine 20 mg/kg orally. The 
animals were subjected to OSFST, novel object recognition test (NORT) and Y-maze test. Serotonin, brain-
derived neurotrophic factor (BDNF), superoxide dismutase (SOD), malondialdehyde (MDA) and catalase 
levels of the mice were assessed. Treatment with ALA and fluoxetine significantly decreased immobility time 
compared to NS group in OSFST (p<0.05). Also, ALA at doses of 200 & 400 mg/kg and fluoxetine 20 mg/kg 
significantly increased spontaneous alternation ratio in the Y-maze test compared to the normal saline group 
(p<0.05), however, no significant difference was observed in novel object recognition using NORT between 
NS, ALA and fluoxetine treated groups. Similarly, the level of serotonin, SOD and catalase were not altered 
between the ALA and fluoxetine treated groups and NS group. In contrast, fluoxetine 20 mg/kg increased the 
brain BDNF level of the mice (p<0.05). Alpha-lipoic acid ameliorated depression in the OSFST murine model 
of depression and improved their cognition. Thus, ALA can be a promising candidate in the development of 
novel anti-depressant medication.  
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1.0  INTRODUCTION 
Depression has become a serious public health concern, 
as over 264 million people are affected globally (WHO, 
2021). According to the World Health Organization, 
depression is the 4th leading cause of disability globally 
and projects to be the first by 2030 (WHO, 2017). 
Depression is a psychological condition and may 
decrease work performance, interpersonal 
relationships, financial status, and the appearance of 
suicide ideation. Consequently, it may implicate 
physical well-being and increased morbidity and 
mortality (Brown et al., 2011). Furthermore, cognitive 
disturbances have been observed in MDD patients 
(Darcet et al., 2016). Impairment in short-term memory 
has been associated with depressive symptoms 
(Schweizer et al., 2018). A possible mechanism linking 
depression with the cognitive deficit is a decrease in 
BDNF observed in depressive patients based on the 
neuroplasticity hypothesis of depression (Liu et al., 
2017a; Serafini, 2012).  
 
In adult subjects with MDD, long-term therapy with 
certain anti-depressants may also link to cognitive side 
effects. For instance, long-term treatment with 
selective serotonin reuptake inhibitors has been linked 
to cognitive impairments, including difficulty in word-
finding, forgetfulness and mental slowing in MDD 
patients causing full or partial remission (Bortolato et 
al., 2016; Wroolie et al., 2006). There is a significant 
therapeutic time lag of weeks to months using currently 
available anti-depressants. Treatment-resistant 
depression is a public health challenge prompting 
research to identify new therapeutic strategies 
(Hashimoto, 2019; Matveychuk et al., 2020; Paula et al., 
2020; Zemdegs et al., 2018). Similarly, in young adults, 
the suicidal risk may increase with agitation while using 
some anti-depressants (Baldessarini et al., 2020; WHO, 
2021). 
 
Several oxidative disturbances in depression have been 
reported in clinical and preclinical studies, including 
elevated lipid peroxidation levels, the decreasing 
activity of glutathione (GSH), catalase (CAT), and 
superoxide dismutase (SOD) and consequently, may 
contribute to the dysfunction of serotonergic and 
noradrenergic systems (Marcia et al., 2016). Similarly, it 
has been suggested that depression is an inflammatory 
disease of the central nervous system (CNS) and might 
be mediated via oxidative stress (Calheiros et al., 2013; 
Paula et al., 2020). In some depressive patients, 
antioxidants such as ascorbic acid, tocopherols, and 

coenzyme Q (CoQ) have shown promising, but without 
consensus on their efficacy (Paula et al., 2020). 
 
Alpha-lipoic acid (ALA), or 1,2-dithiolane-3-pentanoic 
acid, is a naturally occurring dithiol compound 
synthesized enzymatically in the mitochondrion from 
octanoic acid (Katerji et al., 2019). In addition, ALA is 
absorbed from the diet and can cross the blood-brain 
barrier (Choi et al., 2015). ALA is a cofactor found in 
several multienzyme complexes (Karaarslan et al., 
2013). ALA and its reduced form, dihydrolipoic acid 
(DHLA) are antioxidants in vivo (Dong et al., 2017; 
Mendoza-núñez et al., 2019; Triggiani, 2020). Several 
experimental models have shown that ALA exerts 
antioxidant effect via scavenging of reactive oxygen 
species (ROS). Therefore, ALA can effectively inhibit 
pathologies in which ROS have been implicated, such as 
diabetic neuropathy, ischemia-reperfusion injury, 
radiation injury and diabetes-induced oral implant 
failure (Dong et al., 2017; Karaarslan et al., 2013). In 
addition, ALA exerts its potent antioxidant effect by 
inducing endogenous antioxidants such as vitamin E 
and glutathione (Kurumazuka et al., 2019). 
 
Despite many approaches available to treat depression, 
only about 35% of depressed patients achieve remission 
upon receiving treatment with anti-depressants, and 
treatment response rates appear to reduce with each 
subsequent retry (Hashimoto, 2019; Paula et al., 2020). 
Hence, the quest for better therapeutic options. Due 
mainly to its antioxidant properties, ALA has been 
reported to protect against oxidative injury in various 
disease processes, including neurodegenerative 
disorders (Calheiros et al., 2013; Çekici & Bakırhan, 
2018; Silva et al., 2015; Uchida et al., 2015).  In addition, 
several studies have shown the potential effect of ALA 
in improving insulin sensitivity (Liu et al., 2017b; 
Okanović et al., 2015; Salehi et al., 2019; Volchegorskiĭ 
et al., 2011). Since insulin resistance and impaired 
insulin signalling have been found to play an important 
role in the pathogenesis of MDD, comorbid metabolic 
disturbances aggravate the burden of depressive 
illness, including sharing pathophysiological pathways 
and common risk factors (Stuart & Baune, 2012). In 
addition, insulin inhibits the reuptake of 
norepinephrine by pre-synaptic neurons serves and also 
enhance serotonin synthesis (Spielman et al., 2014). 
Alterations in insulin signalling are associated with 
mitochondrial dysfunction and cause the activation of 
pro-inflammatory pathways and increased oxidative 
stress and glutamate excitotoxicity, leading to 
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neuroinflammation and neurodegeneration (Spielman 
et al., 2014). It is assumed that supplementation with 
ALA might result in anti-depressant effects in MDD 
patients via an elevation in insulin sensitivity and 
subsequent upregulation of monoamines (Salazar, 
2000). Interestingly, preclinical studies and 
investigations in individuals affected by Alzheimer's 
disease provided evidence that ALA may enhance 
cognition via genetic mechanisms, including 
mitochondrial activity, antioxidant and anti-
inflammatory properties indicating a basis for 
evaluating ALA's efficacy in depression as well 
(Bortolato et al., 2016). Therefore, this study aimed to 
assess the possible anti-depressant effect of ALA in mice 
subjected to OSFST. 
 
2.0  MATERIALS AND METHODS 
2.1  Experimental Design and Animal Treatment 
Twenty-five (25) healthy Swiss albino mice of both sexes 
weighing between 20-28 g with ages 6-8 weeks were 
obtained from the Department of Human Physiology, 
Ahmadu Bello University, Zaria and allowed access to 
feed and water ad libitum in a normal photoperiod. The 
animals were grouped into five groups, with five mice 
each (n=5). Daily administration was carried out based 
on daily body weight per mouse an hour before the 
commencement of the experiment for 2 weeks via the 
oral route. Group I received normal saline (10 ml/kg), 
Groups II, III and IV received graded doses of ALA 100, 
200 and 400 mg/kg, respectively, while Group V 
received fluoxetine 20 mg/kg. Ethical clearance was 
obtained from Ahmadu Bello University Committee on 
Animal Use and Care with ABUCAUC/2017/003. 
 
2.2  Drugs and Reagents 
Fluoxetine was purchased from Bristol Laboratories 
Ltd., Hertfordshire, UK, with Batch Number: 8775 and 
product license number: PL11311/0047. Alpha-lipoic 
acid was purchased from Puritan's Pride Inc. 
Ronkonkoma, NY 11779 the United States of America 
with a Product Code: B68499 02C 14-18988PPS and LOT 
# T18B045-01 CC1. Mouse serotonin, BDNF, SOD, 
catalase and MDA ELISA Kits were purchased from 
Shanghai Coon Koon Biotech Co., Ltd. Shanghai, China 
with LOT # 201907. 
 
2.2.1  Preparation of alpha-lipoic acid  
ALA 0.4 g was dissolved in 10 ml of normal saline with 
the aid of 2 drops of tween-80 to form a stock 
concentration of 40 mg/ml and a dose of 400 mg/kg. A 

serial dilution was carried out to form 200 mg/kg and 
100 mg/kg doses. 
 
2.3  Behavioral Studies 
2.3.1  Open-space forced swim test  
This protocol describes a simplified method for inducing 
a chronic depression-like state in mice as previously 
described (Stone & Lin, 2011). Plastic tubs with 
dimensions (24 × 43 × 23 cm) were filled with tap water 
at 32-34 °C to a depth of 13 cm. As shown in Figure 1, 
the open-space forced swim test (OSFST) was divided 
into habituation and testing phases. On day 1 of the 
habituation phase, the individual mouse was placed 
gently in the water tub and allowed to swim for 15 min. 
After the swim, each mouse was approached slowly, 
captured through its tail with the index and third fingers 
and placed in its home cage. The temperature of the 
water tub was maintained (32-34° C) at 30 min intervals 
by replacing 2L with 2L of hot water (45-52°C) to 
maintain the temperature at 32-350 C. Water in the tubs 
were changed entirely after eight trials. The swimming 
procedure was repeated for two additional days 
consecutively. On the fourth day of the habituation, the 
swim procedure was repeated, and the immobility time 
was recorded and used to match the animals into 
control and experimental groups. 
 
Testing phase: Daily oral administration with NS, ALA 
and fluoxetine was instituted at 24 h after the day 4 
swimming of the habituation phase and lasted for two 
weeks. Immobility time was recorded during the test 
session for 15 minutes at 1, 4, 7, 10 and 14 days of the 
testing phase (Figure 1). Immobility was recorded using 
a digital video camera. Immobility is defined as the 
absence of any limb or body movements, except those 
caused by respiration to keep the animal's nose above 
the water level. 
 
2.3.2  Y-maze test 
Y-maze apparatus was used to assess short-term spatial 
memory.  A Y-maze apparatus has three arms that cross 
each other with 120° between them with the 
dimensions: two equal arms (15 cm length x 7 cm width 
x 12 cm height) and one more extended arm (20 cm 
length x 7 cm width x 12 cm height). In phase 1, mice 
were placed into the apparatus at the start arm. Each 
mouse could have access to two arms, while the 
entrance to the third arm was blocked. In phase 2, the 
block in arm three was removed, the mouse was placed 
into the start arm and then allowed to access all three 
arms of the maze (Wolf et al., 2016). After each session, 
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70% ethanol was used to clean the apparatus to prevent 
any olfactory cues. Mice are expected to explore the 
new arm in phase 2 more frequently than a recently 
explored one. A lower frequency of exploration of the 
last previously explored arm is an indicator of better 
memory performance.  The exploration frequency of 3 
consecutive arms (A, B, and C) was considered an actual 
alternation. The percentage of alternation was 
calculated as follows: (actual alternation/maximal 
alternation − 2) ×100. Also, all numbers of entries were 
recorded (Yau et al., 2007). 
 
2.3.3  Novel object recognition test  
Novel object recognition test (NORT) apparatus is a 
rectangular arena that was made up of opaque plastic 
and measured 42 cm × 52 cm. The walls are 40 cm high. 
Mice were placed in the arena for 5 minutes, where 

they encountered two identical sample objects (sample 
phase). At the end of the sample phase, mice were 
placed back in their home cages for 5 minutes delay 
(±15 seconds).  
 
For the testing phase, animals were returned to the 
arena for 3 minutes, where one of the familiar objects 
was replaced with a novel object. 70% ethanol was used 
to clean the arena and all objects between each session. 
Successful novel object recognition was indexed by 
greater exploration of the novel compared to the 
familiar object.  The discrimination ratio was calculated 
as the total time spent exploring the recently seen 
object (novel object) divided by the time exploring both 
objects sampled at test (familiar objects) (Thur et al., 
2014).

 
 

 
Figure 1: Schedule for open-space forced swim test.
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2.4  Brain Tissues Collection 
Collection and preparation of the mice brain tissues 
were done according to the method described by 
(Habila et al., 2012; Zatta et al., 2002).  The mice were 
euthanized by decapitation under anaesthesia. A pair of 
scissors was inserted anteriorly to the olfactory bulb 
and opened to rupture the skull into two parts. Then, 
the brain tissue was immediately removed using a brain 
spatula and placed on an inverted Petri dish on ice. The 
forebrain was dissected, weighed and homogenized in 
10 ml of a medium containing a solution of 0.1 M 
sodium phosphate 10 W/V, pH 7.5. The total 
homogenate was centrifuged at 78 × g for 7 minutes. 
Aliquots of resulting brain homogenates were stored at 
−200 C until utilization. The supernatants were used for 
the determination of BDNF and serotonin levels.  
 
2.5  Collection of Blood Samples 
Mice blood samples were drawn by cardiac puncture 
and collected in plain tubes. The serum  
was used for the determination of catalase, SOD and 
MDA activities. 
 
2.6  Determination of Brain Serotonin and BDNF Levels  
Mouse serotonin assay kit CK-bio-16918 and mouse 
BDNF assay kit CK-bio-15795 (Shanghai, Coon Koon 
Biotechnology) ELISA, China were used to detect 
serotonin and BDNF concentrations, respectively, 
according to the manufacturer's protocol.  Standards, 
control, and samples were pipetted into the 48-well 
plates pre-coated with objective antibody and 
streptavidin-Horse Radish Peroxide (HRP) wells, and any 
BDNF and serotonin present was bound by the 
immobilized antibodies, respectively. Enzyme-linked 
polyclonal antibodies specific for mouse BDNF and 
serotonin were added to the wells respectively after 
washing away any unbound substances. A substrate 
solution was added to the wells following a wash to 
remove any unbound antibody-enzyme reagent. When 
the stop solution was added, the enzyme reaction 
yielded a blue product that turned yellow. The intensity 
of the colour measured was in proportion to the 
amount of BDNF or serotonin bound in the initial step. 
The sample values were then read off from the standard 
curve for the corresponding concentrations of BDNF in 
pg/ml and serotonin in ng/ml, respectively.    
 
2.7  Determination of Biomarkers of Oxidative Stress 
Biomarkers of oxidative stress (CAT, SOD and MDA) 
activities were detected using ELISA kits (mouse CAT CK-
bio-15864, SOD CK-bio-16990, and MDA CK-bio-20387 

respectively) Shanghai, Coon Koon Biotechnology, 
China.  Serum collected from experimental animals and 
standard (provided in the kit) were dispensed into the 
48-well plate pre-coated with objective antibody and 
streptavidin-HRP.  CAT, SOD or MDA present was bound 
by the immobilized antibody in their respective wells. 
Enzyme-linked polyclonal antibodies specific for mouse 
CAT, SOD and MDA were added to the respective wells 
after washing away any unbound substances. A 
substrate solution was put in the wells after removing 
the unbound antibody-enzyme reagents. Then, when 
the stop solution was added, a blue product formed by 
the enzymatic reaction turned yellow. The amount of 
SOD, CAT or MDA bound in the initial step was in 
proportion to the intensity of the colour measured. The 
sample values were then read from the standard curve 
for the corresponding levels of CAT and SOD in U/ml and 
MDA in pg/ml, respectively.  
 
2.8  Statistical Analysis 
Results were expressed as Mean ± SEM. All analyses 
were done using one-way analysis of variance (ANOVA), 
except data from open-space forced swim test and time 
spent on familiar and novel objects in NORT. 
Independent samples t-test was used to analyze the 
data for time spent on familiar and novel objects of 
NORT,  while data for OSFST were analyzed by 2-way 
repeated-measures ANOVA followed by Tukey's post-
hoc test for multiple comparisons using SPSS version 23 
and GraphPad prism version 8.0.2. for windows, 
respectively. Values with p<0.05 were considered 
statistically significant.  
 
3.0  RESULTS 
3.1  Behavioral Studies 
3.1.1  Depression studies 
Effects of alpha-lipoic acid on depression in mice 
exposed to open-space forced swim test (OSFST) 
Two-way repeated measure ANOVA was conducted to 
access the effects of treatments and time on immobility 
time as a depression index. There were no statistically 
significant effects of time on the different treatment 
groups [F (3.319, 66.39) =1.307, p > 0.05], as expected 
no interaction was found between the treatments and 
time [F(16,80) = 0.7959, p > 0.05]. However, we found 
significant effects of treatment between the groups [F 
(4,20) = 9.949, p < 0.005. At day 7 the immobility time is 
decreased in ALA 100 mg/kg, and fluoxetine group 
when compared with untreated normal saline group. At 
day 10 and 14 all the treatment groups had less 
immobility time when compared with the normal saline  
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Figure 2: Effects of alpha-lipoic acid (ALA) on depression in mice exposed to open-space forced swim test. Results expressed 
as mean ± SEM. *, **Mean difference is statistically significant when compared to the normal saline group at p<0.05, p<0.005, 
respectively, ##mean difference statistically significant when compared with fluoxetine at p < 0.05 (n=5), GraphPad Prism 
Version 8. ALA: Alpha-Lipoic Acid.  

 
 
 

 
 
 

Figure 3: Spontaneous alternation of Y-maze test in OSFST-induced depressed mice. OSFST-induced depressed mice (n=5) 
per group were treated with graded doses of ALA (100-400 mg/kg), Flu (20 mg/kg) and NS (10 ml/kg) for 14 days, and 
thereafter, spatial short-term memory was assessed using Y-maze test. ALA administration improved spatial short-term 
memory in OFST-induced depressed mice (p<0.05). Data were represented as mean ± SEM.  * Statistically significant compared 
with the normal saline group at p < 0.05. OSFST: Open Space Forced Swim Test, ALA: Alpha-Lipoic Acid, Flu: Fluoxetine, NS: 
Normal Saline 
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Figure 4: Number of entries into the arms in Y-maze test of OSFST-induced depressed mice. OSFST-induced depressed mice 
(n=5) per group were treated with graded doses of ALA (100-400 mg/kg), Flu (20 mg/kg) and NS (10 ml/kg) for 14 days, and 
thereafter, spatial short-term memory was assessed using Y-maze test. ALA administration improves spatial short-term 
memory in OFST-induced depressed mice. Data were represented as mean ± SEM. OSFST: Open-Space Forced Swim Test, ALA: 
Alpha-Lipoic Acid, Flu: Fluoxetine, NS: Normal Saline 

  

group. We also observed a significant difference in the 
immobility time between ALA 200 mg/kg and fluoxetine 
(standard anti-depressant) group on day 10. Overall, 
the sub-chronic administration of different doses of ALA 
in depressed mice model decreases their depressive 
symptoms as assessed using immobility time (Figure 2). 
 
3.1.2 Memory tests 
Effects of alpha-lipoic acid (ALA) on short-term 
memory of open-space forced swim-induced 
depressed mice using Y-maze test 
As shown in Figure 3, ALA (200 and 400 mg/kg) and 
fluoxetine (20 mg/kg) treated groups had increased (p < 
0.05) spontaneous alternation ratio compared to the 
normal saline group. As shown in Figure 4, no 
statistically significant difference (p > 0.05) was 
observed in the number of entries into the arms of the 
Y-maze apparatus between the treatment groups and 
the normal saline group. 
 
Effects of alpha-lipoic acid on non-spatial short-term 
memory using novel object recognition task in mice 
subjected to open-space forced swim test 
As shown in Figure 5, the result of the discrimination 
ratio of the novel object recognition task showed no 
statistically significant difference    (p > 0.05) between 
the treatment groups and the normal saline group. 
However, ALA 100 and 400 mg/kg significantly (p < 0.05) 
spent more time exploring the novel object as shown in 
Table 1. 

3.2  Biochemical Tests 
3.2.1  Effects of alpha-lipoic acid administration on 
brain serotonin level in mice subjected to open-space 
forced swim test 
Figure 6 shows the brain serotonin levels. The result of 
brain serotonin level revealed no statistically significant 
difference (p > 0.05) between the treatment groups and 
the normal saline group. 
 
3.2.2 Effects of alpha-lipoic acid administration on 
brain-derived neurotrophic factor level in mice 
subjected to open-space forced swim test 
As shown in Figure 7, fluoxetine (20 mg/kg) significantly 
(p <0.05) increased the BDNF level compared to the 
normal saline group. However, groups treated with ALA 
did not significantly (p >0.05) affect the BDNF levels of 
the OSFST-depressed mice (Figure 7).  
 
3.2.3 Effects of alpha-lipoic acid administration on 
serum superoxide dismutase, catalase and 
malondialdehyde activities in mice subjected to open-
space forced swim test 
As shown in Table 2, the result of superoxide dismutase 
(SOD), catalase and malondialdehyde (MDA) enzymes 
activities of the OSFST-depressed mice revealed no 
statistically significant difference (p > 0.05) between the 
treatment groups and the normal saline group (Table 
2).
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Table 1: Effect of administration of alpha-lipoic acid on time spent on the familiar and novel object in OSFST-
induced depressed mice.  
 

Groups Time Spent on the Familiar Object 
(seconds) 

Time Spent on the Novel Object 
(seconds) 

Normal Saline 10 ml/kg 
ALA 100 mg/kg 
ALA 200 mg/kg 
ALA 400 mg/kg 
Fluoxetine 20 mg/kg 

1.40 ±0.68 
1.14 ±0.51 
6.40 ±0.93 
1.60 ±0.51 
1.60 ±0.50 

1.00 ±0.63 
8.0 ±1.90* 

8.2 ±2.35 
8.2 ±2.40* 

6.6 ±3.03 

Data expressed as mean ± SEM, *Statistically significant compared with the time spent on the familiar object, p<0.05, (n=5), 
ALA: Alpha-Lipoic Acid  
 

 
 

 
 

Figure 5: Novel object recognition task of OSFT-induced depressed mice. OSFT-induced depressed mice (n=5) per group were 
treated with graded doses of ALA (100-400 mg/kg), Flu (20 mg/kg) and NS (10 ml/kg) for 14 days, and after that, non-spatial 
short-term memory was assessed using NORT. ALA administration did not improve short-term memory in OFST-induced 
depressed mice (p>0.05). Data were represented as mean ± SEM.  OSFT: Open-Space Forced Swim Test, ALA: Alpha-Lipoic Acid, 
Flu: Fluoxetine, NS: Normal Saline. 

 
 

4.0  DISCUSSION 
In the present work, we evaluated the effect of ALA on 
OSFST-induced depressed mice. We observed a 
significant decrease in immobility time (behavioural 
despair) between the ALA treated groups and the 
negative control (normal saline) group. Initially, the 
decrease in the immobility time (behavioural despair) 
was between ALA (100 mg/kg) and ALA (200 mg/kg) 
when compared with the negative control (Normal 
saline) group at day 7. After that, at day 10 all the ALA 
treatment groups and the positive control (Fluoxetine) 

showed a decrease in immobility time compared with 
negative control, with ALA (200 mg/kg) also showing a 
significant decrease in immobility time compared with 
the fluoxetine group (positive control), however, the 
significant effects between ALA (200 mg/kg) and 
fluoxetine group diminish after 14 days of treatment, 
although all the groups maintain a significant difference 
in their decreased immobility time (behavioural despair 
when compared with negative control. Thus, ALA 
decreased immobility time (behavioural despair) earlier 
than the standard control  (fluoxetine)  after  just  7 days  
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Figure 6: Brain serotonin level of OSFST-induced depressed mice. OSFST-induced depressed mice (n=4) per group were 
treated with graded doses of ALA (100-400 mg/kg), Flu (20 mg/kg) and NS (10 ml/kg) for 14 days and thereafter, their brain 
homogenates were used to assay for the serotonin using ELISA kit. ALA administration did not significantly improve the brain 
serotonin level of OFST-induced depressed mice (p>0.05). Data were represented as mean ± SEM. OSFST: Open-Space Forced 
Swim Test, ALA: Alpha-Lipoic Acid, Flu: Fluoxetine, NS: Normal Saline 

 
 
 
 

 
 
 

Figure 7: BDNF level of OSFST-induced depressed mice. OSFST-induced depressed mice (n=4) per group were treated with 
graded doses of ALA (100-400 mg/kg), Flu (20 mg/kg) and NS (10 ml/kg) for 14 days and thereafter, their brain homogenates 
were used to assay for BDNF using ELISA kit. ALA administration did not significantly improve the BDNF level of OFST-induced 
depressed mice (p>0.05). Treatment with Flu improves BDNF level of the OSFST-induced depressed mice (p<0.05). Data was 
represented as mean ± SEM, *statistically significant compared with the normal saline group at p<0.05. OSFST: Open-Space 
Forced Swim Test, ALA: Alpha-Lipoic Acid, Flu: Fluoxetine, NS: Normal Saline, BDNF: Brain-Derived Neurotrophic Factor. 
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Table 2: Effects of Alpha-Lipoic Acid on Oxidative Stress Biomarkers in Mice Subjected to Open-Space Forced Swim 
Test 
 

Groups    SOD 
(U/ml) 

 

CATALASE 
(U/ml) 

 

MDA 
(pg/ml) 

 

NS (10 ml/kg)    
ALA 100 mg/kg   
ALA 200 mg/kg  
ALA 400 mg/kg   
Fluoxetine 20 mg/kg                                                           

5.0 ± 5.0 
16.3 ± 10.0 
15.8 ± 9.6 
11.0 ± 6.4 
9.0 ± 5.3 

14.0 ± 0.7 
16.3 ± 0.3 
20.0 ± 5.1 
17.0 ± 1.3 
15.5 ± 0.5 

2.0 ± 0.7 
3.2 ± 1.6 
1.3 ± 0.5 

3.7 ± 1.0 
1.5 ± 0.5 

Data expressed as mean ± SEM, p>0.05, (n=4), ALA: Alpha-Lipoic Acid, SOD: Superoxide Dismutase, MDA: Malondialdehyde, 
NS: Normal Saline 

 

of treatment compared with the fluoxetine group, 
whose effect becomes apparent after 10 days of 
treatment.  Therefore, at the behavioural level, ALA was 
able to exert anti-depressant effects in depressed mice 
with earlier onset than standard control (fluoxetine) 
group and maintains its anti-depressant effects 
throughout the study duration (day 14).  Our findings 
conform to Nádia et al. (2018), who reported that ALA 
and desvenlafaxine, alone or in combination, reversed 
corticosterone effect on tail suspension test and 
striatum. This indicates that ALA can be a promising 
agent for the treatment of depression and reversal of 
cognitive impairment observed in this disorder by 
reversing CORT-induced memory and social deficits. 
 
Similarly, Oliveiraa et al. (2017) found that treatment 
with mirtazapine (MIRT) or MIRT+ALA for seven days 
effectively reverses anxiety- and depressive-like 
behaviours induced by CORT probably via their central 
antioxidant effects. In addition, Vallianou et al. (2009) 
reported that ALA can increase glutathione, which 
might help decrease depression via redox-dependent 
mechanisms of various cellular targets that reduce 
oxidative stress.   
 
In addition, Akbari et al. (2018), in a systematic review 
and meta-analysis of 18 trials, reported that ALA 
significantly decreased C-reactive protein, tumour 
necrosis factor-alpha (TNF-α) as well as interleukin 6 (IL-
6) in people with metabolic syndrome. These reports 
increase hope that ALA might possess an anti-
depressant effect based on the cytokine theory of 
depression. Furthermore, based on the monoamine 
hypothesis of depression, Mônica et al. (2010) found 
that ALA at the dose of 20 mg/kg increased 
norepinephrine and dopamine levels in rat 
hippocampus, indicating the potential of ALA to be used 

as an anti-depressant. However, at higher doses of 600-
1800 mg/kg and in combination with acetyl-L-carnitine 
in depressed bipolar human patients, ALA did not show 
a significant anti-depressant effect (Brennan et al., 
2013).  
 
The possible mechanism via which ALA exerts its 
antidepressant-like effect from this present study might 
be to reduce behavioural despair as evidenced by 
decreased immobility time and promote cognitive 
behaviours. The possibility of involvement of the 
serotonergic pathway, as hypothesized by (Salazar, 
2000) need to be further evaluated. However, it is 
important to note our limitations in this study, 
especially the small sample size and might limit the 
statistical power and duration of the study.  
 
The results of the discrimination ratio of NORT of this 
study revealed that ALA did not significantly affect the 
non-visuospatial short-memory of mice exposed to 
OSFST. However, ALA showed a promising effect on the 
short-term memory of the mice by increasing the time 
spent exploring the novel object. Similarly, Farr et al. 
(2012) found that mice who had been given ALA before 
the NORT spent more time exploring the new object 
than mice who had not been given the drug.  Previously, 
Nádia et al. (2018) found that ALA 200 mg/kg reversed 
the deficits in short-term memory in CORT-induced 
depressive-like behaviour and cognitive deficits using 
NORT. Furthermore, Saraswathy et al. (2015) found 
that, in a dose-dependent fashion, ALA (at doses 50, 100 
and 200 mg/kg) reversed phenytoin-induced memory 
impairment of rats subjected to the elevated plus-maze 
test. The possible mechanism might be the prevention 
of alterations in insulin signalling, thereby decreasing 
memory impairment by increasing vesicular glutamate 
transporter 1 (VGlut 1), which was found impaired in 
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the frontal regions of HFF Alzheimer's rats with a 
decline in cognition (Rodriguez-perdigon et al., 2016). 
Another possible mechanism via which ALA improves 
cognition might be its central antioxidant effects 
(Oliveiraa et al., 2017) or restoring the central 
cholinergic system (Salehi et al., 2019; Zhao et al., 
2015).  
 
In the present study, we found ALA at doses of 200 and 
400 mg/kg and fluoxetine 20 mg/kg showing a 
beneficial effect on short-term memory by increasing 
the spontaneous alternation ratio of the Y-maze test in 
mice exposed to the OSFST. Our findings agree with that 
of Nádia et al. (2018), who found that ALA 200 mg/kg 
reversed the deficits caused by CORT in the working 
memory in the Y-maze test. Similarly, treatment with 
ALA (50 mg/kg, intraperitoneally) for 28 days 
significantly restored cognitive deficits induced by 
bilateral common carotid arteries occlusion (BCCAO) rat 
model of vascular dementia via restoring the central 
cholinergic system (Zhao et al., 2015). Furthermore, 
Triggiani (2020) reported that treatment with ALA 
inverts the increase in carbonyl protein levels in a 
radiation-induced cognitive dysfunction model and 
causes a decrease in carbonyl protein levels in elderly 
SAMP8 rats. Also, our findings on fluoxetine's beneficial 
effect on memory are in line with the study of Bortolato 
et al. (2016), who reported that SSRI treatment led to a 
significant improvement in memory performance in 
patients with depression. This improvement was 
observed in intermediate & delayed verbal, immediate 
visual and declarative memory. Possibly, the 
mechanism via which fluoxetine enhanced spatial 
short-term memory of the mice from the present study 
might be via increased BDNF level. 
 
Thereafter, brain serotonin & BDNF, as well as oxidative 
stress biomarkers, were assayed. ALA in this study did 
not significantly increase the brain serotonin level of 
mice subjected to OSFST. However, the study by  Bist & 
Kumar (2009) showed that, in combination with vitamin 
E, ALA reversed the decline in serotonin level of crude 
homogenate of the whole brain of mice observed in 
lindane-induced acute neurotoxicity. Although, in our 
study, the animals were induced with depression via the 
forced swimming method. Similarly, (Triggiani, 2020) 
reported in a review that treatment with ALA could 
improve the function of the serotonin neurotransmitter 
in a neurodegenerative disease model. Perhaps, our 
subjects in this study are young, healthy mice subjected 
to a depressive model, which might be the variation. 

Also, the hypothesis of Salazar (2000) indicated that ALA 
might possess anti-depressant activity by increasing 
insulin sensitivity that can lead to an increase in 
tryptophan absorption with a subsequent increase in 
serotonin. Contrary to these findings, Mônica et al. 
(2010) found that acute administration of ALA at a low 
dose of 20 mg/kg decreased rat hippocampal serotonin 
level 24 hours after administration. Although, we 
administered ALA for 2 weeks and at higher doses than 
the ones in their study. Also, it is important to note one 
of our limitations in this study, using a small sample size 
and non-repetition of the experiment.  
 
In our study, ALA did not significantly affect the whole 
brain BDNF level of mice subjected to OSFST. However, 
Filho et al. (2014) found that treatment with ALA 200 
mg/kg for 7 days significantly increased BDNF level in 
mice prefrontal cortex in corticosterone (CORT) induced 
depression model. Similarly, Nádia et al. (2015) 
reported that ALA 200 mg/kg reversed CORT-induced 
decrease in BDNF in the hippocampus and striatum of 
female mice. This indicates that ALA may serve as a 
valuable agent in treating depression based on the 
neurotrophic hypothesis of the disorder.  
 
Fluoxetine significantly increased the BDNF level of 
mice exposed to OSFST in this study. This finding agrees 
with that of  Liu et al. (2014), who found that fluoxetine 
significantly increased serum BDNF level with improved 
cognitive recovery in patients with vascular dementia. 
Similarly, Paula et al. (2020) reported that anti-
depressant treatment promotes the synthesis of BNDF 
and enhances neurogenesis. In addition, the use of anti-
depressant medication in MDD patients was found 
associated with increased BDNF mRNA expression in 
the brain (Giacobbo et al., 2018).  
 
In this study, the results of the serum antioxidant 
enzymes (SOD and Catalase) showed that ALA did not 
significantly affect their activities in the mice subjected 
to OSFST. However, a study by Veskovic et al. (2014) 
revealed that administration of ALA at the dose of 100 
mg/kg IP caused an increase in catalase activity in cortex 
and striatum and GSH content in the hypothalamus. In 
addition, ALA treatment significantly reduced lipid 
peroxidation and nitrosative stress, caused by 
methionine and choline deficiency diet in all brain 
regions by restoring antioxidant enzymes activities, 
predominantly total SOD, manganese SOD, and copper 
and zinc SOD, and by modulating catalase activity and 
glutathione content to a lesser extent. 
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It is important to note the controversy regarding the 
change in SOD and catalase activities in depressive 
patients. Interruptions in SOD activity are usually found 
in depressive patients, but the findings are still 
inconsistent (Paula et al., 2020).  Reduced SOD activity 
has been found in MDD patients (Rybka et al., 2013). 
However, a rise in SOD and catalase activities in 
depressive patients has been reported from other 
studies (Kodydková et al., 2009). In addition, a study 
showed that serum SOD and catalase activities were 
significantly higher in the acute phase of MDD patients, 
showing possibly that increased activities of both 
antioxidant enzymes might be indicators of acute 
depressive episodes on MDD (Tsai and Huang, 2016). 
 
We found in this study that; ALA did not significantly 
change the serum MDA activity of the mice subjected to 
OSFST. However, Manda et al. (2008) found that 
pretreatment with ALA exerted a very high magnitude 
of protection against radiation-induced augmentation 
of lipid peroxidation products (malondialdehyde) and 
protein carbonyls in mice cerebellum. Similarly, Khalifa 
et al. (2020) found that the MDA level was significantly 
lower when ALA was combined with coenzyme Q10 
(CoQ10) in the cisplatin-induced nephrotoxicity murine 
model. Another study by Zalejska-fiolka et al. (2015) 
reported that dietary ALA and garlic intake was 
significantly associated with a decline in 6-
Hydroxydopamine (8OHdG) and MDA levels in rabbits' 
liver tissue. In addition, MDA level was observed at the 
lowest level in ALA 100 mg/kg treated group compared 
to control and noise exposure groups in a noise-induced 

oxidative stress rat model (Karafakioğlu, 2018). 
However, none of the studies above induced depression 
before assessing the MDA as done in this study.  
 
5.0  CONCLUSIONS 
Our study demonstrated that ALA exerts 
antidepressant-like effects on OSFST depressed mice 
and improves their cognition through a mechanism 
independent of antioxidant effect and increased 
serotonin and BDNF levels. Therefore, ALA is a potential 
anti-depressant drug that can attenuate depressive 
symptoms in depressed individuals. However, in this 
study, the effect of ALA on the cholinergic system, 
inflammatory markers and norepinephrine system was 
not evaluated. Nevertheless, further study on the 
efficacy of ALA in animal models of depression, 
cognition and anxiety are needed.   
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