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Background: Depression is a psychological condition associated with decrease in work performance, 

interpersonal relationship, financial status, and the appearance of suicide ideation. Possible causes of 

depression include: environmental influences, epigenetic and genetic factors. Decreased brain serotonin level 

has been implicated in the pathogenesis of depression. Alpha-lipoic acid (ALA) is a potent antioxidant 

synthesized via enzymatic reactions in the mitochondria. Alpha-lipoic acid possesses a wide array of metabolic 

benefits including increase in insulin sensitivity. Increased insulin sensitivity has been found to promote the 

formation of tryptophan leading to increased serotonin level. This study evaluated the effect of ALA on 

behavioural despair and non-spatial short-term memory in mice. 

Twenty-five (25) mice were grouped into 5 groups of five mice each. Group 1 received normal 

saline 10 ml/kg, Group 2 received imipramine 20 mg/kg, Groups 3, 4 and 5 were treated with graded doses of 

ALA 100, 200 and 400 mg/kg orally respectively for 3 days. 

The results revealed that acute administration of ALA did not significantly affect the immobility time 

(behavioural despair) in Tail Suspension Test (TST) when compared with normal saline and imipramine 

groups (p > 0.05). In addition, there was no significant difference in percentage preference (short-term 

memory) between the ALA treated groups and the control group in Novel Object Recognition Test (NORT). In 

open field test, ALA 100 mg/kg group had significantly (p<0.05) increased locomotor activity (line-crossing) 

compared to normal saline and imipramine groups. 

Acute administration of ALA for 3 days has no significant effect on immobility time and non-

spatial short-term memory in mice.
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INTRODUCTION

epression is a common mental disorder, 

characterized by persistent sadness and a loss D
of interest in activities that an individual normally 

enjoys, accompanied by an inability to carry out daily 
[1]activities, for at least two weeks . Brain regions that 

are involved in mood-regulating circuit such as 

hippocampus, temporal lobe, amygdala, caudate, 

anterior cingulate cortex, and frontal cortex have been 
[2]found to be affected by depression . Depression may 

result in premature death, major social and economic 

consequences. The core symptoms of depression 

inc lude :  dep res sed  mood ,  d imin i shed  
[3][4]interest/pleasure and fatigue . In addition to the 

well-defined depressive symptoms, patients suffering 

from MDD consistently complain about cognitive 

disturbances, significantly exacerbating the burden of 

this illness. Among cognitive symptoms, 

impairments in attention, working memory, learning 

and memory or executive functions are often reported 
[5]. The mechanism associated with depression is not 

yet fully understood and current treatments remain in 
[6]effective in large subset of patients . However, in 

adult subjects with MDD, long-term therapy with 

certain antidepressants may be linked to cognitive 

side effects. For instance, treatment with 

antidepressants has been associated with increased 

cognitive deficits, such as apathy, inattentiveness, 

forgetfulness, word-finding difficulty, and mental 

slowing, in depressed individuals reaching partial or 
[7]full remission . Only about 35% of depressed 

patients achieve remission upon receiving treatment 

with antidepressants, despite many approaches 

available to treat depression and treatment response 
[8][9]rates appear to reduce with each subsequent retry .

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. ALA is a 

necessary cofactor for mitochondrial α-ketoacid 

dehydrogenases, and thus serves a critical role in 

mitochondrial energy metabolism. In addition to 

synthesis, ALA is also absorbed intact from dietary 

sources (such as potatoes, tomatoes and spinach), 

and it transiently accumulates in many tissues. 

Growing evidences have shown that orally 

supplied ALA may not be used as a metabolic 

cofactor but instead, elicits a unique set of 

biochemical  act ivi t ies  with  potent ia l  

pharmacotherapeutic value against a host of 
[10]pathophysiologic insults . Alpha-lipoic acid has 

become a common ingredient in multivitamin 

formulas, anti-aging supplements, and even pet 

food. It is well-defined as a therapy for preventing 

diabetic polyneuropathies, and scavenges free 

radicals, chelates metals, and restores intracellular 

glutathione levels which otherwise decline with age 
[10]. Due largely to its antioxidant properties, ALA 

has been reported to afford protection against 

oxidative injury in various disease processes, 

including neurodegenerative disorders such as 
[11] [12]depressive disorders .  Unlike most 

antioxidants, ALA is both water- and fat-soluble; 

thus, it can reach easily into tissues composed of 

fat, such as the nervous system as well as those 

mainly of water such as the cardiovascular system, 
[13]so considered a “universal antioxidant” . 
[14]Furthermore, ALA can cross blood brain barrier . 

This study is aimed at evaluating the effect of acute 

administration of ALA on behavioural despair and 

short-term memory in mice.

 

Twenty-five (25) apparently healthy Swiss Albino 

MATERIALS AND METHODS

Experimental Design and Animal Treatment
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mice of both sexes aged 6-8 weeks and weighing 

between 20-26 g were obtained from the Animal 

House of the Department of Human Physiology, 

Ahmadu Bello University, Zaria and allowed access 

to feed and water ad libitum. The mice were grouped 

into five groups (n=5). Daily administration was 

carried out orally based on daily body weight per 

mouse an hour before the commencement of the 

experiment for 3 days. Group I: received normal 

saline 10 ml/kg. Group II: were treated with 

Imipramine 20 mg/kg. Group III, IV and V: were 

treated with ALA at doses of 100 mg/kg, 200 mg/kg 

and 400 mg/kg respectively. Ethical clearance was 

obtained from Ahmadu Bello University Zaria 

Committee on Animal Use and Care with approval 

number: ABUCAUC/2017/003.

Alpha-lipoic acid was purchased from Novel 

Ingredient Services, West Caldwell, California, USA 

with a Product Code: A0030-301 and LOT # 

671362552. Imipramine was purchased from Dr. 

Danladi Pharmaceuticals, Jos, Plateau State, Nigeria 

with NAFDAC Reg. No: A4-4872 and 

RES/11/03/C/13 manufactured by SYNMEDIC 

supplied by M.S.J. Industries Ltd Colombia.

The Tail Suspension Test (TST) was conducted 
[15]according to the protocol adopted by Adem  and 

[16]Can .  Each mouse was suspended by its tail with 

an adhesion tape of 17 cm on the model of the test 

which is a bar placed on a wood with dimension (55 

height x 60 width x 12 cm depth). Each mouse was 

prevented from climbing its tail grasping the side 

walls by passing the tail through a plastic cylindrical 

tube. The immobility time (behavioural despair) 

which is the period where the mice are not moving 

Drugs and Reagents 

Tail Suspension Test

their body and paws was recorded using a stop watch 

in a period of 6 minutes for each animal. The walls of 

the apparatus were cleaned with 70% ethanol after 

each trial to prevent any olfactory cue.

The apparatus consists of floor space with dimension 

of 40 cm x 40 cm and 30 cm in height. The floor space 

was divided into 16 squares equally. Each mouse was 

given 5 minutes to explore the open field arena (test 

session). Line crossing (an index of locomotor 

activity) as indicated by the total number of squares 
[17] [18]crossed was measured during the test session .  

Novel object recognition apparatus is a rectangular 

arena that was made of opaque plastic and measured 

42 cm × 52 cm. The walls are 40 cm high. Mice were 

placed in the arena for 5-min 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 a 5-min delay (±15 s). For the 

Testing Phase, animals were returned to the arena for 

3-min where one of the familiar objects was replaced 

with a novel object. In addition to the arena, all objects 

were cleaned with 70% ethanol 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 least 

recently seen object (novel object) divided by the time 

exploring both objects sampled at test (familiar 

objects), and percentage preference was calculated as 
[19]the discrimination ratio multiplied by 100 % .

The results were expressed as Mean ± Standard Error 

of Mean (SEM). Comparisons between experimental 

and control groups were performed by one-way 

Open Field Test (OFT) 

Novel Object Recognition Test (NORT) 

Statistical Analysis
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Analysis of Variance (ANOVA) followed by Tukey's 

HSD post hoc test for multiple comparisons with 

Statistical Package for Social Science (SPSS) 

version 22. Values with p<0.05 were considered 

statistically significant.

Effect of Alpha-Lipoic Acid on Behavioural Despair 

in Mice using Tail Suspension Test.

The result of immobility time (behavioural despair) 

RESULTS
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Figure 1: Effect of Acute Administration of Alpha-Lipoic Acid on Behavioural Despair in Mice using Tail 

Suspension Test. Data was presented as mean ± SEM, p>0.05 (n=5), SPSS version 22. ALA= Alpha-Lipoic 

Acid, NS= Normal Saline.

in tail suspension test showed no statistically 

significant (p>0.05) difference between the control 

and treated groups. The mean immobility time for the 

control group (normal saline 10 ml/kg), imipramine 

(20 mg/kg) and ALA (100 mg/kg, 200 mg/kg and 400 

mg/kg) were 113.00 ± 32.40, 82.20 ± 16.71, 124.40 ± 

30.11, 93.40 ± 25.71, and 195.20 ± 37.81 seconds 

respectively. Although not statistically significant, 

ALA 200 mg/kg showed decrease in immobility time 

compared to control group [F (4, 20) =2.267, 

p=0.098] (Figure 1).
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Effect of Acute Administration of Alpha-Lipoic Acid on Locomotor Activity in Mice using Open Field 

Test. 

In open field test, ALA 100mg/kg (77.40 ± 11.00) significantly increased frequency of line crossing 

(locomotor activity) when compared with the normal saline and imipramine groups (14.60 ± 11.53 and 6.0 ± 

2.50 respectively). Similarly, ALA 100mg/kg group had significantly higher mean line crossing than ALA 200 

mg/kg and 400 mg/kg (37.80 ± 11.25, 18.00 ± 8.92 respectively) with F (4, 20) = 8.739, p= 0.000 (Figure 2).
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Figure 2:  Effect of Acute Administration of Alpha-Lipoic Acid on Locomotor Activity in Mice using Open Field 

Test. *= The mean difference was statistically significant when compared with control groups (normal saline and 

imipramine treated groups) p>0.005 (n=5) SPSS version 22. NS= Normal Saline, ALA= Alpha-Lipoic Acid

Effect of Alpha Lipoic Acid on Percentage Preferences (Non-Spatial Short-Term Memory) in Mice using 

Novel Object Recognition Test.

The result of Percentage preferences in novel object recognition test showed no statistically significant (p<0.05) 

difference between normal saline group (8.0 ± 4.01) and the treatment groups; Imipramine 20 mg/kg (19.04 ± 8.96) 

and ALA 100 mg/kg, 200 mg/kg, 400 mg/kg (14.16 ± 4.74, 17.32 ±7.81, and 18.08 ± 7.38, respectively), F(4, 

20)=0.429, p=0.786 (Table 1).  
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Group                                                                         Percentage Preference

Normal Saline 10 ml/kg                                                 8.0 ± 4.01

Imipramine      20 mg/kg                                           19.04 ± 8.96

ALA                100 mg/kg                                              14.16 ± 4.74

ALA                200 mg/kg                                              17.32 ± 7.81 

ALA                400 mg/kg                                   

           

18.08 ± 7.38

Table 1: Effect of Alpha-Lipoic Acid on Percentage 

Preferences (Non-spatial Short-Term Memory) in 

Mice Subjected to Novel Object Recognition Test  

Data expressed as mean ± SEM, p>0.05 (n=5), 

SPSS version 22. ALA=Alpha-Lipoic Acid.

DISCUSSION

After acute administration of alpha lipoic acid in 

mice, the study found no significant difference in 

immobility time of tail suspension test of ALA versus 

the control groups. Although not statistically 

significant, the group treated with ALA 200 mg/kg 

showed decrease in immobility time (behavioural 

despair) when compared with the control groups, an 

indication of possible antidepressant-like effect. This 

might be due to antioxidant effect of ALA and its 

ability to be quickly absorbed by the body. Luc et al. 
[20] reported that ALA is quickly absorbed, then 

transported to the intracellular compartment where it 

is reduced to dihydrolipoic acid (DHLA) under the 

actions of lipoamide dehydrogenase enzyme. 
[21] Furthermore, de Sousa et al. reported that, ALA 

(200 mg/kg) showed an antidepressant-like effect by 

decreasing the preference of sucrose and reversing 

immobility time in the forced swimming test in 

female Swiss albino mice. In another study by de 
[22]Sousa et al. , ALA and desvenlafaxine (DVS), alone 

or combined, reversed corticosterone (CORT) effect 

on TST and striatum. This is an indication that ALA 

can be a promising agent for the treatment of 

depression and reversal of cognitive impairment by 

reversing CORT-induced memory and social 
[23]deficits. Similarly, Oliveira et al.  found that 

treatment with mirtazapine (MIRT) or MIRT+ALA 

for seven days was effective in reversing anxiety- 

and depressive-like behaviors induced by CORT 

possibly via their central antioxidant effects.  
[24]However, Brian et al.  found that treatment with 

ALA at higher doses (600-1800 mg/kg) and acetyl-

L-carnitine (ALCAR) for 12 weeks in humans did 

not have antidepressant effects in depressed bipolar 

patients and does not significantly enhance 

mitochondrial functioning in this patient group. 

It is important to note some of our limitations in this 

study, especially the sample size which was small 

and might limit the statistical power. Similarly, we 

only focused on finding the effect of acute 

administration of ALA. Another possible reason for 

not observing significant effect in this our study 

might be due to the fact that ALA is a mitochondrial 
[25]supplement. Berk et al.  suggested that 

mitochondrial supplements require a long period of 

time to yield beneficial effects.

Alpha-lipoic acid at dose 100 mg/kg was found to 

significantly increase line crossing (locomotor 

activity) in this study. This contradicts the findings of 
[26]Saraswathy et al.  who reported that ALA did not 

have significant effect on locomotor activity in rats 

using actophotometer. However, we found ALA at 

doses of 200 and 400 mg/kg not significantly 

affecting locomotor activity. This is in agreement 
[26]with the previous findings of Saraswathy et al.  in 

rats. This shows ALA is not a psychostimulant and 

might possess antidepressant-like activity, in 
[27]accordance with report of Cryan et al.  who 

reported that psychotonics are clinically ineffective 

as antidepressants. They show anti-immobility 

effects in the TST but increase locomotor activity. In 

order to detect the possibility of a false positive result 

in anti-immobility effects, locomotor activity test 
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need to be conducted. The result for percentage 

preference (working memory) in this study revealed 

that ALA at all the doses did not significantly affect 

short term memory of the mice. This might probably 

be due to acute nature of this study. Although, Stoll et 
[28]al.  found that ALA at dose of 100 mg/kg improved 

long-term memory of aged female Naval Medical 

Research Institute (NMRI) mice but could not 

significantly affect that of   young mice subjected to 

habituation of open field test after administration of 
[26]the ALA for 15 days. However, Saraswathy et al.  

found that ALA (at doses 50, 100 and 200 mg/kg) 

reversed phenytoin-induced memory impairment of 

rats subjected to elevated plus maze test in a dose 

dependent fashion. Similarly, ALA reversed the 

cognitive deficit in high fat fed (HFF) rats in NORT 
[29]. The possible mechanism might be via prevention 

of alterations in insulin signaling thereby decreasing 

memory impairment by increasing vesicular 

glutamate transporter 1 (VGlut 1) which was found 

impaired in frontal regions of HFF Alzheimer's rats 

correlated with decline in cognition

.

Acute administration of ALA for 3 days did not affect 
behavioural despair of mice exposed to TST. 
Nevertheless, there is need for further studies on 
efficacy of ALA in animal models of depression, and 
cognition.

 

Acknowledgement goes to Institution-Based 

Research Fund intervention of Tertiary Education 

Trust Fund (TETFUND), Nigeria for sponsoring this 

research work.

The authors declare that they have no conflict of 

interest.

CONCLUSION

Acknowledgement

Conflict of Interests

REFERENCES

1. WHO: World Health 

Organization.“Depression: Let's Talk”. 2017; 

Retrieved from 

www.who.int/mental=health/management/depr

ession/en/. Accessed on 22nd December, 2017.

2. Jiao-jie H, Guang-jun X, Shan-shan L, Xiao-li 

L, Lei-yu G, Gao-jun T, et al. Blood Oxygen 

Level-dependent Signals via fMRI in the 

Mood-regulating Circuit using Two Animal 

Models of Depression are Reversed by 

Chronic Escitalopram Treatment. Behav Brain 

Res, 2016; 311:210-218.

3. Marcia CCS, Caren-Nadia SS, Patrícia XLG, 

Gersilene VO, Fernanda YRA, Naiara CX, et 

al. Evidence for Protective Effect of Lipoic 

Acid and Desvenlafaxine on Oxidative Stress 

in a Model Depression in Mice. Prog Neuro-

Psychopharmacol Biol Psychiat, 2016; 64 

:142-148.

4. Muraro C, Tiezza MD, Pavan C, Ribaudo G, 

Zagotto G, Orian L. Major Depressive 

Disorder and Oxidative Stress: In Silico 

Investigation of Fluoxetine Activity against 

ROS. Appl Sciences, 2019; 9(17):3631.

5. Flavie D, Alain MG, Raphael G, Denis JD, 

Jean-Philippe G.  Cognitive Dysfunction in 

Major Depressive Disorder. A Translational 

Review in Animal Models of the Disease. 

Pharma (Basel), 2016; 9(1):9.

6. Menard C, Hodes GE, Russo SJ. Pathogenesis 

of depression: insight from human and rodent 

studies. Neuroscience, 2016; 321:138-162.

7. Beatrice B, Kamilla WM, Cristiano AK, 

Michael M, Brisa, SF, Michael B, et al. 

Cognitive Remission: A Novel Objective for 

the Treatment of Major Depression? BMC 

Med, 2016; 14:9.

| pg. 123

Acute Administration of Alpha-Lipoic Acid 



J Med & Bas Sci Res | Vol  2  |  No  1  |  2021 For Reprint:    info.jmbsr@gmail.com

Yusha’u et al., 

8. Hashimoto K.  Rapid-acting antidepressant 

ketamine, its metabolites and other candidates: 

A historical overview and future perspective. 

Psychiat Clin Neurosciences, 2019; 

73(10):613-627.

9. Visentin APV, Colombo R, Scotton E, 

Fracasso DS, da Rosa AR, Branco CS, et al. 

Targeting Inflammatory-Mitochondrial 

Response in Major Depression: Current 

Evidence and Further Challenges. Oxidat Med 

Cell Long, 2020; 

https://doi.org/10.1155/2020/2972968

10. Kate PS, Régis FM, Eric JS, Anthony RS, 
 Tory, MH.Alpha-lipoic acid as a dietary 

supplement: Molecular mechanisms and 

therapeutic potential. Biochim Biophys Acta, 

2009; 1790(10):1149-1160. 

11. Silva MC, de Sousa CN, Sampaio LR, 

Ximenes NC, Ara'ujo PV, da Silva JC, et al. 

Augmentation therapy with alpha-lipoic acid 

and desvenlafaxine: a future target for 

treatment of depression? Naun Schmied Arch 

Pharmacol, 2013; 386:685-695.

12. Ryota U, Hinako O, Naoko I, Keiji T, Takashi 

H. Enantioselective Pharmacokinetics of α-

Lipoic Acid in Rats. Int J Molecular Science, 

2015;16(9):22781-22794.

13. Baziar N, Nasli-Esfahani E, Djafarian K, 

Qorbani M, Hedayati M, Abd Mishani M, et 

al. The Beneficial Effects of Alpha-Lipoic 

Acid Supplementation on Lp-PLA2 Mass and 

Its Distribution between HDL and apoB-

Containing Lipoproteins in Type 2 Diabetic 

Patients: A Randomized, Double 

Blind, Placebo-Controlled Trial. Oxid 

Med Cell Long, 2020; 

https://doi.org/10.1155/2020/5850865

14. Choi K, Park M, Kim H, Kim K, Kim H, Kim 

J, et al. Alpha-lipoic acid treatment is 

neurorestorative and promotes functional 

recovery after stroke in rats. Molecular Brain, 

2015; 8:9.

15. Adem C, David TD, Chantelle ET, Sean CP, 

Shambhu B, Todd DG.  The Tail Suspension 

Test. J Visual Expt. 2012; 59:3769.

16. Can A, Dao DT, Terrillion CE, Piantadosi, SC, 

Baht S, Gould TD, The Tail Suspension Test. 

J Visual Expt, 2012; (59): e3769.

17. Harish GB, Afzal KAK, Rekha MS. An 

Experimental Study to Evaluate the Effect of 

Memantine in Animal Models of Anxiety in 

Swiss Albino Mice. J Clin Diag Res, 2015; 

9(8): FF01-FF05

18. Yusha'u Y, Muhammad UA, Nze M, Egwuma 

JM, Igomu OJ, Abdulkadir M. Modulatory 

Role of Rutin Supplement on Open Space 

Forced Swim Test Murine Model of 

Depression. Nig J Physiol Sciences, 2017; 

32(2):201-205.

19. Thur KE, Nelson AJD, Cassaday HJ. Ro 04-

6790-induced cognitive enhancement: No 

effect in trace conditioning and novel object 

recognition procedures in adult male Wistar 

rats. Pharmacol Biochem Behav, 2014; 

127:42-48.

20. Luc R, Steliana G, Adriana M, Catherine V.  

Alpha-lipoic acid: molecular mechanisms 

and therapeutic potential in diabetes. Canadian 

J of Physiol Pharmacol, 2015; 93(12): 1021-

1027.

21. de Sousa CNS, Meneses LN, Vasconcelos GS, 

Silva MCC, da Silva JC, Macêdo D, et al. 

Reversal of corticosterone-induced BDNF 

alterations by the natural antioxidant alpha-

lipoic acid alone and combined with 

desvenlafaxine: Emphasis on the neurotrophic 

hypothesis of depression. Psychiat Res, 2015; 

230(2):211-219.

| pg. 124

Acute Administration of Alpha-Lipoic Acid 



J Med & Bas Sci Res | Vol  2  |  No  1  |  2021 For Reprint:    info.jmbsr@gmail.com

Yusha’u et al., 

22. de Sousa CNS, Meneses LN, Vasconcelos GS, 

Medeiros IS, Silva MCC, Mouaffak F, et al.  

Neuroprotective Evidence of Alpha-Lipoic 

Acid and Desvenlafaxine on Memory Deficit 

in a Neuroendocrine Model of Depression. 

Naun Schmied Arch  Pharmacol, 2018; 

391(8):803-817.

23. Oliveira TQ, de Sousa CNS, Vasconcelos GS, 

Sousa LC, Oliveira AA, Patrocínio CFV, et 

al. Brain antioxidant effect of mirtazapine and 

reversal of sedation by its combination with 

alpha-lipoic acid in a model of depression 

induced by corticosterone. J Affective 

Disorders, 2017; 219: 49-57.

24. Brian PB, John EJ, James IH, Caitlin EC, 

Ashley B, Harrison GP, et al. A Placebo-

Controlled Trial of Acetyl-L-Carnitine and α-

Lipoic Acid in the Treatment of Bipolar 

Depression. J Clin Psychopharmacol, 2013; 

33(5):627-635.

25. Berk M, Copolov DL, Dean O. N-acetyl 

cysteine for depressive symptoms in bipolar 

disorder: a double-blind randomized placebo-

controlled trial. Biol Psychiat, 2008; 64: 468-

475.

26. Saraswathy GR, Maheswari E, Santhrani T. 

Protective Effect of Alpha-Lipoic Acid against 

Phenytoin Induced Behavioral Abnormalities 

in Rats. J Molecular Biomark Diagnosis, 

2015; 5:241.

27. 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. 

Neuro Biobehav Rev, 2005; 29:571-625.

28. Stoll S, Hanmann H, Cohen SA, Muller WE. 

The potent free radical scavenger alpha-lipoic 

acid improves memory in aged mice: putative 

relationship to NMDA receptor deficits. 

Pharmacol Biochem Behav, 1993; 46:799-805.

29. Manuel R, Maite S, Maria JM, Maria JR. 

Lipoic acid improves neuronal insulin 

signalling and rescues cognitive function 

regulating Vglut1 expression in high-fat-fed 

rats: Implications for Alzheimer's disease. 

Biochimi et Biophys Acta (BBA)-Molecul 

Basis Disease, 2016; 1862(4):511-517.

| pg. 125

Acute Administration of Alpha-Lipoic Acid 


