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Abstract 

Depression is major serious CNS disorder occurring in world which recorded about 450 million people 

suffer from mental or behavioural disorder according to world health report (Murugan, 2011). In the 

traditional systems of medicine, many plants have been used to treat depression for thousands of years. 

For screening of antidepressant activity tail suspension test, forced swim test and splash test have been 

used. During the study of Ascorbic acid (AA) (5 /10 mg/kg i. p.), Caffeine (5 mg/kg i.p.) sertraline (5 

mg/kg i.p.) and fluoxetine (10 mg/kg p.o.) were administered individually and in combination. Ascorbic 

acid and caffeine combination at (5+5 mg/kg) has shown significant (P<0.01) increased in latency to 

immobility. A significant (P<0.01) decrease in the duration of immobility was seen in all treatment but 

marked result is shown in C + S (5+5 mg/kg) treated group. A significant (P<0.01) increase in time spent 

in climbing in Caffeine (5 mg/kg) treated group is observed. Sertraline and caffeine combination at (5+5 

mg/kg) showed significant increase in time spent in swimming. Caffeine at 5 mg/kg has shown 

significant (P<0.01) increased in latency to immobility in acute tail suspension test as compare to 

sertraline whereas significant (P<0.01) decrease in the duration of immobility was seen in all treatment 

but marked result is shown in C + S (5+5 mg/kg) treated group. AA + C (10+5 mg/kg) has shown 

significant (P<0.01) decreased in latency to grooming whereas significant (P<0.01) increase in the 

duration of grooming was seen in AA (10mg/kg) and AA + C (10+5 mg/kg) treated groups. Present study 

was undertaken to evaluate the antidepressant potential ascorbic acid, caffeine, sertraline and their 

combinations. 
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Introduction 

Depression is major serious CNS disorder occurring in world which recorded about 450 

million people suffer from mental or behavioural disorder according to world health report [1]. 

The prevalence of depression is increasing day to day due to hectic life style. Women are more 

affected than men with a ratio of 2:1. In depression the level of neurotransmitter such as 

serotonin, norepinephrine, and dopamine are decreases [2] and also evidence suggest that 

increase oxidative stress [3, 5]. Now a day natural medicines are most preferable to treat 

depression rather than synthetic antidepressant drugs to conquer its side effect such as 

vomiting, nausea, irritation etc. Ascorbic acid is an essential micro-nutrient for human which 

obtained from plant origin. In various factors like age, smoking, diabetic, chronic diseases 

such as rheumatoid arthritis and cancer as well as in depression there is increase in oxidative 

stress. Ascorbic acid is essential for mental and emotional well‐being. Depletion or deficiency 

of this vitamin may trigger depression, irritability, neurological, cardiac disorders, anxiety and 

fatigue. Anxiety has shown the increased rate of breakdown of ascorbic acid. It can be treated 

by increase dietary levels of ascorbic acid [6, 7]. Sertraline is selective serotonin reuptake 

inhibitor type of antidepressant agent; it acts like a functional antagonist of 5-HT3 receptors 

which metabotropic class of receptor for antidepressant effect [8]. Many studies have suggested 

that sertraline blocks the uptake of serotonin into human platelets. Animal study suggest that 

sertraline is selective inhibitor of neuronal serotonin reuptake but it has shown weak effects on 

norepinephrine and dopamine neuronal reuptake. Caffeine is xanthine derivative which 

psychomotor stimulant and antinociceptive activity [2]. Caffeine has ability to block adenosine 

A1 receptors by increasing extracellular level of serotonin [9, 10]. In animal study, Tail 

suspension test (TST), forced swim test (FST) and splash test are used for evaluation of 

antidepressant drugs. But till now no scientific works have been reported on antidepressant 

activity of caffeine and ascorbic acid combination. In light of above information, the present 

study has been undertaken to study the antidepressant and antioxidant effects of caffeine and 

ascorbic acid combination. 
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Materials and Methods 

Animals 

Healthy Swiss Albino female mice (22-25) g. each group 

contained 5 animals which had maintained at a temperature of 

25 ˚C ± 1 ˚C and relative humidity of 45 to 55% and under 

standard environmental condition (12 hr. light and 12 hr. dark 

cycle). The animal had free access to standard pellet rodent 

diet and good quality water was provided throughout the 

study. The experimental protocol was approved by 

Institutional Animals Ethics Committee. The animal care was 

taken as per the guidelines of Committee for the Purpose of 

Control and Supervision of Experiments on Animals 

(CPCSEA). 

 

Drugs and Chemicals 

Ascorbic acid, sertraline, caffeine and fluoxetine were 

dissolved in distilled water and administered by 

intraperitonially route (i.p), only fluoxetine was administered 

orally (P.O.).  

 

Antidepressant activity  

Modified Forced swim test  

The test was conducted using the method given by Porsolt et 

al. Principle of forced swim test is induced characteristics 

behaviour of immobility by forced the animal to swim in 

restricted space from which animal cannot escape that 

indicate depression in animal whereas it is similar to human 

depression. Mice were forced to swim inside a vertical 

Plexiglas cylinder (height: 40 cm; diameter: 18 cm, 

containing 15 cm of water maintained at 25 ˚C). Mice were 

placed individually in the cylinders and allowed to swim for 6 

min. After 6 min in the water the mice were removed and 

allowed to dry in a heated enclosure (32 OC) before being 

returned to their home cages. After 24 h, test drugs, standard 

and vehicle were administered as per their body weight before 

half hour prior to testing. They were again placed in the 

cylinder for test and the total duration of immobility, latency 

to immobility and time spent in climbing was measured 

during a 6 min test [11, 13].  

 

Tail suspension test 

Tail suspension test was performed by Steru et al. in 1985. 

The principle of this test is that suspending mice from tail, 

suspended inverted mice produce characteristic behavior 

immobility which is similar to human depression. Mice were 

transported from the housing room to test sound-proof testing 

area. The animals were treated with the test compounds or the 

vehicle by intraperitoneally injection 30 min prior to testing. 

For the test mice were suspended on the edge of a shelf 58 cm 

above a tablet top by adhesive tape placed approximately 1 

cm from the tip of the tail. The latency to immobility, 

duration of immobility was recorded for period of 6 min. 

Mice were considered immobile when they hung passively 

and completely motionless [14, 16].  

 

Splash test 

Splash test was described by Isingrini et al. in 2010. In this 

test variety of stressors applied randomly and at varying time 

of day for 14 days. Ascorbic acid and fluoxetine were 

dissolved in distilled water and administered orally (10 

mg/kg) during the last 7 days of the chronic unpredictable 

mild stress (CUMS) procedure. Control and stressed animals 

were maintained in separate room due to stress odor. For this 

study animals were divided into ten groups. Animal was 

placed in clear Plexiglas boxes (9x 7x 11 cm) squirting of a 

10% sucrose solution on dorsal coat of a mouse, animal 

initiate grooming behavior due to viscosity of solution. Time 

spend in grooming was manually recorded for a period 5 min 

as an index of self-care and motivational behavior [17]. 

 

Statistical analysis  
The data were expressed as mean ± SEM, difference between 

three experimental groups were statistically analyzed by one-

way analysis of variance (ANOVA) followed by Bonferroni 

test and Dunnett test. 

 

Results 

Forced swim test  

Effects of various treatments on latency to immobility, 

duration of immobility, time spent in climbing and time spent 

in swimming in forced swim test acute and chronic were 

given in table 1 and table 2. Ascorbic acid and caffeine 

combination at (5+5 mg/kg) has shown significant (P<0.01) 

increased in latency to immobility as shown in Fig. 1. A 

significant (P<0.01) decrease in the duration of immobility 

was seen in all treatment but marked result is shown in C + S 

(5+5 mg/kg) treated group, results are depicted in Fig.2. A 

significant (P<0.01) increase in time spent in climbing in 

Caffeine (5 mg/kg) treated group is observed as shown in 

Fig.3. Sertraline and caffeine combination as shown in Fig.4 

at (5+5 mg/kg) showed significant increase in time spent in 

swimming.  

 

Table 1: Effect of Aa, Caffeine, Sertraline and Their Combination In Acute Forced Swim Test 
 

Treatment Latency to immobility Duration of immobility Time spent in climbing Time spent in swimming 

Vehicle (5 ml/kg) 26.4 ± 1.32 142.6 ± 1.58 82.4 ± 1.63 135 ± 1.93 

AA (5 mg/kg) 74.3 ± 1.5* 3.6 ± 0.2* 188.4 ± 3.1* 168 ± 2.9* 

AA (10 mg/kg) 59.8 ± 1.3* 7 ± 0.7* 181.6 ± 1.9* 171.4 ± 2.15* 

C (5 mg/kg) 66.6 ± 1.63* 6.4±1 209.4 ± 2.47* 144.2 ± 1.77* 

S (5 mg/kg) 73.8 ± 1.96* 3.4 ± 0.51* 140.6 ± 1.87* 216 ± 2.15* 

AA + C (5+5 mg/kg) 78.6 ± 2.76* 3.2 ± 0.3* 181 ± 3.37* 175.8 ± 3.8* 

AA + S (5+5 mg/kg) 75.6 ± 2.11* 3 ± 0.31* 143.6 ± 2.54* 213.4 ± 2.9* 

AA + C (10+5 mg/kg) 65.4 ± 1.4* 4 ± 0.7* 186.8 ± 1.3* 169.2 ± 1.82* 

AA + S (10+5 mg/kg) 72.6 ± 1.2* 3.8 ± 0.58* 136.6 ± 0.92* 219.6 ± 1.36* 

C + S (5+5 mg/kg) 75.2 ± 1.5* 2.4 ± 0.5* 137.8 ± 0.9* 219.8 ± 0.5* 

Where C-caffeine, S-Sertraline. Data presented as mean±SEM (n=5). *indicate significant (P<0.05) 

difference from respective control group. Data was analysed by one-way ANOVA followed by Dunnett test.  
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Table 2: Effect of AA, caffeine, sertraline and their combination in chronic Forced Swim Test 

 

Treatment Latency to immobility Duration of immobility Time spent in climbing Time spent swimming 

Vehicle (5 ml/kg) 23.6 ± 2.2 144 ± 3.7 88 ± 2.8 128 ± 4.5 

AA (5 mg/kg) 76 ± 2.6* 3.2 ± 0.3* 180 ±2.5* 176.8 ± 2.8* 

AA (10 mg/kg) 61.2 ± 1.5* 6.8 ± 0.58* 183.2 ± 1.71* 170 ± 1.5* 

C (5 mg/kg) 67.4 ± 1.43* 6 ± 0.7* 210.4 ± 2.3* 143 ±1.9* 

S (5 mg/kg) 75.2 ± 2.08* 3.8 ± 0.58* 129.2 ± 1.65* 227 ± 1.22* 

AA + C (5+5 mg/kg) 79 ± 2.1* 3.1 ± 0.3* 180.9 ± 2.0* 176 ± 2.2* 

AA + S (5+5 mg/kg) 76.8 ± 1.35* 3 ± 0.31* 139.2 ± 1.46* 217.8 ± 1.2* 

AA + C (10+5 mg/kg) 67 ± 1.97* 3.8 ± 0.3* 191 ± 3.4* 168 ± 3.8* 

AA + S (10+5 mg/kg) 73 ± 0.92* 2.4 ± 0.5* 141 ± 1.36* 215.6 ± 1.65* 

C + S (5+5 mg/kg) 76.2 ± 1.15* 2.2 ± 0.3* 138.6 ± 1.03* 219.2 ± 0.58* 

Where C-caffeine, S-Sertraline. Data presented as mean±SEM (n=5). *indicate significant (P<0.05) difference from 

respective control group. Data was analysed by one-way ANOVA followed by Dunnett test.  

 

 
 

Fig 1: Effect of AA, caffeine, sertraline and their combination on latency to immobility in acute and chronic Forced Swim Test. 

 

 
 

Fig 2: Effect of AA, caffeine, sertraline and their combination in duration of immobility in acute and chronic Forced Swim Test. 
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Fig 3: Effect of AA, caffeine, sertraline and their combination in time spent in climbing in acute and chronic Forced Swim Test. 

 

 
 

Fig 4: Effect of AA, caffeine, sertraline and their combination in time spent in swimming in acute and chronic Forced Swim Test. 

 

Tail suspension test 

Effects of various treatments on latency to immobility, 

duration of immobility in acute and chronic tail suspension 

test is given in table 3. Caffeine at 5 mg/kg has shown 

significant (P<0.01) increased in latency to immobility as 

shown in Fig. 5 in tail suspension test as compare to sertraline 

whereas significant (P<0.01) decrease in the duration of 

immobility was seen in all treatment but marked result is 

shown in C + S (5+5 mg/kg) treated group as shown in Fig.6. 

 
Table 3: Effect of AA, caffeine, sertraline and their combination in acute and chronic tail suspension test 

 

Treatment Latency to immobility  Duration of immobility  

 Acute Chronic Acute Chronic 

Vehicle (5 ml/kg) 23.4 ± 1.2 19 ± 1.3 163.2 ± 1.06 166.4 ± 5.9 

AA (5 mg/kg) 39.25 ± 1.1* 41 ± 1.2* 107 ± 4.3* 90.25 ± 4.6* 

AA (10 mg/kg) 66.6 ± 1.37* 70.6 ± 1.07* 88.8 ± 0.86* 83.2 ± 1.28* 

C (5 mg/kg) 91 ± 1.2* 94.2 ± 1.06* 83.8 ± 1.15* 81.6 ± 1.07* 

S (5 mg/kg) 124.8 ± 1.4* 125 ± 1.14* 75 ± 1.5* 73 ± 1.07* 

AA + C (5+5 mg/kg) 93.75 ± 2.2* 66.8 ± 2.2* 79.25 ± 6.9* 76.4 ± 1.8* 

AA + S (5+5 mg/kg) 73.8 ± 2.1* 69.8 ± 2.8* 75.8 ± 2.5* 74.6 ± 1.3* 

AA+C (10+5 mg/kg) 55 ± 1.58* 54 ± 1.22* 82.6 ± 1.83* 77.8 ± 1.06* 

AA+S (10+5 mg/kg) 66.8 ± 0.86* 61 ± 1.16* 70.6 ± 0.8* 64.6 ± 1.72* 

C + S (5+5 mg/kg) 104.8 ± 1.28* 106.6 ± 1.2* 23 ± 1.22* 22.2 ± 1.15* 

Data presented as mean±SEM (n=5). *indicate significant (P<0.05) difference from respective control group. Data 

was analysed by one-way ANOVA) followed by Bonferroni test and Dunnett test. 
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Fig 5: Effect of AA, caffeine, sertraline and their combination on latency to immobility in acute and chronic tail suspension test. 

 

 
 

Fig 6: Effect of AA, caffeine, sertraline and their combination on duration of immobility in acute and chronic tail suspension test. 

 

Splash test  

Effects of various treatments on latency to grooming, duration 

of grooming in splash test is given in Fig. 7 and 8 where AA 

+ C (10+5 mg/kg) has shown significant (P<0.01) decreased 

in latency to grooming whereas significant (P<0.01) increase 

in the duration of grooming was seen in AA (10mg/kg) and 

AA + C (10+5 mg/kg) treated groups.  

 

 
 

Fig 7: Effect of AA, fluoxetine and its combination on latency of grooming in splash test. 
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Fig 8: Effect of AA, fluoxetine and its combination on duration of grooming in splash test. 

 

Discussion 

Because of their relative simplicity and rapidity compared to 

other depression-associated procedures, the forced swim test 

(FST) and tail suspension test (TST) have become widely 

used in the screening of antidepressant drugs. The FST is also 

known as the Porsolt test, and involves placing an animal into 

a beaker of water from which it cannot escape. Both models 

predispose animals to the state of behavioral despair, which is 

comparable to human depression [18, 20]. Depressive symptoms 

manifest due to functional deficiency of noradrenalin, 

serotonin or dopamine neurotransmitters in the limbic system, 

prefrontal cortex, hippocampus and amygdale areas of the 

brain [21]. The major target of antidepressants is therefore to 

increase the level of these neurotransmitters in the brain and 

hence reverse the symptoms of depression. Clinically useful 

antidepressants such as imipramine and fluoxetine reduce the 

immobility time in both forced swim test and tail suspension 

test. In FST significant (P<0.01) decrease in the duration of 

immobility was seen in C + S (5+5 mg/kg) treated group. A 

significant (P<0.01) increase in time spent in climbing in 

Caffeine (5 mg/kg) treated group is observed. Sertraline and 

caffeine combination at (5+5 mg/kg) showed significant 

increase in time spent in swimming. In TST caffeine at 5 

mg/kg has shown significant (P<0.01) increased in latency to 

immobility in acute tail suspension test which is comparable 

to sertraline whereas significant (P<0.01) decrease in the 

duration of immobility was seen in C + S (5+5 mg/kg) treated 

group. It is possible to demonstrate the usefulness of caffeine 

and its derivatives in the treatment of depression. It has been 

shown that caffeine can reverse the monoaminergic system 

changes observed in depression, for example, caffeine 

blocking the A1 adenosine receptor subunit may increase the 

levels of catecholamines and serotonin (5-HT) in the central 

nervous system (CNS). What seems to be important is the fact 

that caffeine contributes to an increased 5-HT release in the 

limbic areas and the release of dopamine (DA) in the 

prefrontal cortex, which is comparable to the effect obtained 

with the use of antidepressants [22, 27]. AA + C (10+5 mg/kg) 

has shown significant (P<0.01) decreased in latency to 

grooming whereas significant (P<0.01) increase in the 

duration of grooming was seen in AA (10mg/kg) and AA + C 

(10+5 mg/kg) treated groups. Chronic unpredictable mild 

stress (CUMS) has produces depression like behaviour in 

animal model so splash test model is used [28].  
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