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ABSTRACT

Objective: Low levels of folic acid and deficiency of Vitamin D have been found to be associated with poor mood and depression. This study was 
designed to investigate whether these vitamins show antidepressant activity in models of depression in mice.

Methods: Reserpine was used to induce depression in the study groups. Low and high doses of folic acid and Vitamin D as well as combinations of 
these vitamins in low and high doses were administered after induction of depression. The test animals were then tested on forced swim test, tail 
suspension test, and open field test models for evaluation of the antidepressant activity.

Results: After 2 weeks of drug treatment, all the treated groups showed a significant reduction in immobility time in both the test models (p<0.05). 
High dose folic acid showed consistently greater antidepressant property in all the test models throughout the study period. High dose Vitamin D 
(p<0.05) also showed good antidepressant activity after 2 weeks, the delayed antidepressant effect of which might be attributable to the molecular 
mechanism of action of Vitamin D.

Conclusion: Our study demonstrates that both folic acid and Vitamin D have antidepressant activity. The antidepressant activity of high dose folic 
acid (50 mg/kg) in reserpine-induced depression in mice at the end of 2 weeks was more pronounced in our study. Studies with longer duration of 
treatment are warranted to further evaluate their antidepressant effect.

Keywords: Folic acid, Vitamin D, Reserpine, Depression, Tail suspension test, Forced swim test.

INTRODUCTION

Depression is a condition characterized by depressed mood, loss of 
interest or loss of pleasure in nearly all activities, most of every day, 
for a period lasting at least 2 weeks [1]. It is commonly associated with 
easy fatigability, irritability, feelings of worthlessness, guilt, changes 
in sleep pattern, and suicidal ideation. The Global Burden of Disease 
study cites depression as one of the leading causes of disability affecting 
350 million people worldwide [2]. The incidence of major depressive 
disorder is found to be more in women (10-25%) than men (5-12%). 
Recurrence is also fairly common with an incidence of 50-60% in those 
who have experienced a single depressive episode. Depression is also 
found to be accompanied by anxiety [3].

Several genetic and epigenetic factors are known to be potential 
causes of depression, some of which have already been identified. 
Current research work has mainly focused on two hypotheses 
regarding the pathophysiology of depression. First, the monoamine 
deficiency hypothesis links depression to the availability and function 
of monoamine neurotransmitters in the brain, of which serotonin and 
norepinephrine have been studied in the greatest detail. A second, 
related hypothesis for the development of depression, involves 
the impact of stress on psychological functioning. In response to 
stress, the hypothalamus releases corticotropin-releasing hormone, 
which stimulates the pituitary to release corticotropins, which in 
turn stimulates the adrenals to release cortisol. Impairment in the 
functioning of the hypothalamic-pituitary-adrenal axis may be directly 
involved in depression as well as anxiety, but as with monoamines, the 
relationship is complex [4].

Folic acid has been shown to have a role in serotonin metabolism 
by acting as a methyl donor for the conversion of methionine to 
S-adenosyl methionine. It also has an important role in the synthesis 

of tetrahydrobiopterin, an essential cofactor for the hydroxylation of 
phenylalanine and tryptophan, rate-limiting steps in the synthesis of 
dopamine (DA), noradrenaline (NA), and serotonin (5-HT) [5,6].

Vitamin D receptors (VDR) have been recently identified in several 
tissues of the body, including both neuronal and glial cells in the central 
nervous system [7]. VDRs have been identified in multiple areas of the 
human brain, including the prefrontal cortex, hippocampus, cingulate 
gyrus, thalamus, hypothalamus, and substantia nigra, [8] many of which 
have been implicated in the pathophysiology of depression [9]. Other 
studies have suggested that low levels of Vitamin D are associated with 
poor mood. A number of trials have suggested a role for Vitamin D in the 
supplementary treatment of depression. Dose may be a critical issue, 
as sun exposure and dietary intake may be low and high doses may be 
required [10].

Monoamines have been implicated in the pathogenesis of depression, 
and folic acid is closely involved in their biosynthesis. Deficiency 
of Vitamin D has also been associated with poor mood. Both these 
vitamins are widely used for managing various clinical conditions, and 
their safety is well established. We, therefore, conducted this study with 
the hypothesis that folic acid and Vitamin D administration produces 
antidepressant-like effects. Considering the paucity of preclinical 
studies dealing with the antidepressant-like effects of folic acid and 
Vitamin D, this study sought to investigate the effect of these vitamins 
in models of depression in mice.

AIMS AND OBJECTIVES

1. To evaluate the antidepressant effect of low dose and high dose of 
folic acid.

2. To evaluate the antidepressant effect of low dose and high dose of 
Vitamin D.
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3. To evaluate the antidepressant effect of combinations of folic acid 
and Vitamin D, in low and high doses, respectively.

4. To compare the antidepressant effects of folic acid, Vitamin D and 
combination of folic acid and Vitamin D with a standard drug of 
depression, fluoxetine.

MATERIALS AND METHODS

This study was conducted in the Department of Pharmacology, Gauhati 
Medical College, Guwahati, for a period of 3 months from July 2016 
to September 2016 after taking due approval from the Institutional 
Animal Ethics Committee (MC/5/2015/82).

Male Swiss Albino mice (26-32 g), obtained from the College of 
Veterinary Sciences, Khanapara, Guwahati, were used for this study. 
The animals were acclimatized to laboratory conditions for 7 days 
before commencement of the experiment. The animals were housed 
at room temperature, subjected to 12 h light and 12 h dark cycles and 
were fed with standard diet and water ad libitum. Mice belonging to 
the extremes of age, female and diseased mice were excluded from the 
study. All the experiments were performed according to the guidelines 
of the Committee for the Purpose of Control and Supervision of 
Experiments on Animals, Government of India.

A total of 54 animals meeting the inclusion criteria were randomly 
selected and were divided into the following groups, each containing 
a total of 6 animals.

Normal saline (normal control), reserpine only (disease control), 
reserpine + fluoxetine 20 mg/kg (standard control), reserpine + 
folic acid low dose (FALD), reserpine + folic acid high dose (FAHD), 
reserpine + Vitamin D low dose (VDLD), reserpine + Vitamin D high 
dose (VDHD), reserpine + FALD + VDLD, and reserpine + FAHD + 
VDHD.

Reserpine 1 mg/kg (Sigma-Aldrich, St. Louis, MO, USA), freshly 
prepared in distilled water was administered intraperitoneally from 
Day 1 to 3 to induce depression. Folic acid (low dose: 10 mg/kg; high 
dose: 50 mg/kg) [11] was administered per orally from day 7 to 20. 
Vitamin D3 (low dose: 0.2 µg/kg; high dose: 5 µg/kg) [12] dissolved 
in Tween 80 (Merck, Germany) was administered by intraperitoneal 
injection from day 7 to 20.

The animals from all the groups were tested on three models, namely, 
forced swim test (FST), tail suspension test (TST), and open field test 
(OFT). TST and FST were conducted on the following days: Day 0 – 
before commencing the experiments, day 4 – at the end of induction 
phase for depression, day 14 – midway through the treatment phase, 
and day 22 – at the end of the treatment phase. OFT was conducted on 
day 22 after the end of the treatment phase.

Results were expressed as mean ± standard error of mean (SEM). Data 
were analyzed by using one-way analysis of variance, and the post-hoc 
analysis was performed using Tukey’s multiple comparison tests. p<0.05 
was considered to be statistically significant. All statistical analysis was 
performed using GraphPad Prism version 5.01 for Windows.

RESULTS

At the start of the experiment (day 0), there was no significant difference 
in the period of immobility among the study groups in the TST and FST 
(Fig. 1a and b).

Following reserpine administration for 3 consecutive days, on day 4, the 
period of immobility increased significantly in all the reserpine-treated 
groups (p<0.05) in both the test models (Fig. 2a and b).

Midway through treatment with low doses, high doses, and combination 
of folic acid and Vitamin D, on day 14, the duration of immobility was 
found to be significantly decreased in all the groups receiving treatment 
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Fig. 1a: Tail suspension test results on day 0. Values are expressed as a mean±standard error of mean (n=6), (b) forced swim test results 
on day 0. Values are expressed as mean±standard error of mean (n=6)
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with folic acid or Vitamin D or both in the TST. In addition, the immobility 
period in only the FALD group was found to be significantly higher as 
compared to the standard control group, though it was lower than the 
normal control (Fig. 3a).

In the FST, on day 14, all the groups were significantly higher than the 
normal control. All the treatment groups except the VDLD group showed 
significantly lower immobility periods than the standard control, the 
decrease being significantly lower in the FAHD group as compared to 
the standard drug, fluoxetine (Fig. 3b).

At the end of the treatment phase, on day 22, the period of immobility 
was decreased in all the treatment groups in TST. It was least in the 
group receiving high dose combination of folic acid and Vitamin D, 
which was significantly lower than both the normal control group and 
the standard control group (Fig. 4a).

On day 22, in the FST, significant reduction in immobility period was 
observed in all the treated groups except the groups receiving low dose 
folic acid and low dose Vitamin D. There was no statistically significant 
difference between the normal control group and the groups treated 
with high dose folic acid and combination of high doses of folic acid and 
Vitamin D. The immobility period in both FAHD group and high dose 
combination group was lower than the standard control group but only 
the FAHD group was significantly lower than the standard (Fig. 4b).

In the OFT conducted on day 22, total time spent in central and 
peripheral squares was significantly more in all the treated groups as 
compared to the group receiving standard drug (Fig. 5).

DISCUSSION

The present study was conducted to evaluate whether folic acid and 
Vitamin D have antidepressant effects and to explore the effects of 

various doses and combinations of these two drugs in reserpine-
induced depression.

Repeated administration of reserpine has been found to be a 
progressive model of depression and was used to induce depression in 
our study [13]. Fluoxetine, a selective serotonin reuptake inhibitor, was 
taken as the standard drug because it is known to reduce the immobility 
period of mice in TST and FST [14]. TST and FST are behavioral models 
of depression and can predict the antidepressant property of several 
drugs [15]. Both these models were used in our study to evaluate the 
antidepressant activity of folic acid and Vitamin D.

Depression was found to be induced in all the groups treated with 
reserpine 1 mg/kg. After 1 week of drug treatment, all the treated 
groups showed a significant reduction in immobility period in TST and 
FST, except VDLD group in FST. In the TST, all the treated groups showed 
reduction in immobility which was comparable to the standard drug-
treated group. Only the low dose folic acid group was an exception. In 
the FST on the other hand, high dose folic acid was found to produce 
a statistically significant decrease in immobility period, which was 
better than the response obtained by the standard drug. Therefore, 
after 1 week of treatment, amelioration of depression was consistently 
observed with a daily dose of folic acid 50 mg/kg in both the test models, 
and it showed better results than fluoxetine 20 mg/kg in reducing 
depression. Folic acid 10 mg/kg and both the low dose and high dose 
combinations of folic acid and Vitamin D showed anti-depressant effect 
in one test model, TST.

After 2 weeks of drug treatment, all the treated groups showed a 
significant reduction in immobility time which was comparable to 
that seen in the normal control group in TST. Maximum reduction in 
immobility time was observed in the group receiving a combination 
of high dose Vitamin D and folic acid. In FST also, all treated groups 
showed antidepressant activity except low dose folic acid. High dose 
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Fig. 2: (a) Tail suspension test results on day 4. Values are expressed as a mean± standard error of mean (n=6). *p<0.05 as compared to 
normal control group, (b) forced swim test results on day 4. Values are expressed as a mean±standard error of mean (n=6). *p<0.05 as 

compared to normal control group
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Fig. 3: (a) Tail suspension test results on day 14. Values are expressed as a mean±standard error of mean (n=6); *p<0.05 as compared to 
normal control group, #p<0.05 as compared to disease control group, $p<0.05 as compared to standard control group, (b) forced swim 

test results on day 14. Values are expressed as mean± standard error of mean (n=6); *p<0.05 as compared to normal control group, 
#p<0.05 as compared to disease control group, $p<0.05 as compared to standard control group
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Fig. 4: (a) Tail suspension test results on day 22. Values are expressed as a mean±standard error of mean (n=6); *p<0.05 as compared to 
normal control group, #p<0.05 as compared to disease control group, $p<0.05 as compared to standard control group, (b) forced swim 

test results on day 22. Values are expressed as mean± standard error of mean (n=6); *p<0.05 as compared to normal control group, 
#p<0.05 as compared to disease control group, $p<0.05 as compared to standard control group
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combination group and FAHD group had no significant difference in 
immobility time with the normal control group. High dose folic acid 
showed significantly greater antidepressant activity than the standard 
fluoxetine-treated group. Results of OFT also imply improved general 
locomotor activity and lesser anxiety in the groups receiving drug 
treatment.

Our study corroborates the findings of other authors on the 
antidepressant activity of folic acid and Vitamin D. Brocardo et al. 
demonstrated an antidepressant-like effect of folic acid in FST and TST, 
and they ascribed this effect to an interaction with the serotonergic 
and noradrenergic systems [11]. Budni et al. in their study found that 
folic acid (50 mg/kg, p.o.) was able to prevent the stress-induced 
increase in immobility time in the FST, but did not prevent memory 
impairment [16]. Fedotova et al. tested ovariectomized female rats on 
FST and OFT and found that cholecalciferol in high dose has a marked 
antidepressant-like effect in the adult female rats with low levels of 
estrogen [17].

CONCLUSION

The present study demonstrates that both folic acid and Vitamin D 
have antidepressant activity. The antidepressant activity of high 
dose folic acid (50 mg/kg) in reserpine-induced depression in 
mice was more pronounced in our study. This activity manifested 
within 1 week of initiating drug treatment and was sustained till 
the treatment ended. The rest of the treatment groups also showed 
improvement in depression, and after 1 week, combination therapy 
of high dose folic acid and Vitamin D showed results comparable to 
normal control. This might indicate that the antidepressant activity 
of Vitamin D monotherapy is slower to take effect, which might be 
because Vitamin D manifests most of its effects by transcription of 
necessary genes. Both folic acid and Vitamin D also demonstrated 
better effects on the general locomotor behavior and anxiety in the 
tested animals.

Our study had certain limitations. The treatment with folic acid 
and vitamin D was administered for a total period of 2 weeks only. 
Therefore, studies with longer duration of treatment are warranted to 
further evaluate their antidepressant effect.
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Fig. 5: Open field test results on day 22. Values are expressed as 
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