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Abstract 

The present study evaluated the antidepressant-like effect of pomegranate by 
using reserpine -induced experimental model of depression in rat. Fluoxetine 
was used as a reference anti-depression drug. Daily administration of reserpine 
for 14 days significantly increased the immobility time forced swimming test 
(FST) indicating the occurrence of depression, with minor motor dysfunction. 
Thereafter, daily administration of pomegranate juice at a dosage of 3ml/kg of 
body weight/day for 14 and 28 days significantly reduced the immobility time in 
forced swimming test (FST), indicating that pomegranate has antidepressant-
like activity. Reserpine caused remarkable decrease in monoamines (NE, DA and 
5-HT) in both brain cortex, midbrain and brainstem. Whereas both pomegranate 
and fluoxetine had a restorative effects on brain monoamines. The results of the 
present study suggest that pomegranate exerted its antidepressant-like activity 
probably by rebalancing the monoaminergic neurotransmission in brain. 
Key words: Depression, brain monoamines, fluoxetine, pomegranate. 

INTRODUCTION 

Depression is an extremely common pathological complex with psychological, neuroendocrine, 
and pathological symptoms [1]. It is a leading cause of disability worldwide and has a very 
significant impact on morbidity, mortality, and health care cost [2–4]. Disconcertion in 
monoaminergic neurotransmission especially serotonin and noradrenaline neurotransmission 
is considered the major cause of the observed symptoms of depression. In accordance, 
reserpine treatment with its depleting effect on brain monoamines has the ability to produce an 
experimental model for depression [5].  
Fluoxetine, among the commonly  used antidepressants, is a selective serotonin reuptake 
inhibitor used widely in the treatment of depression through its ability to inhibit the 
transporter for the neurotransmitter serotonin (5-hydroxytryptamine) [6]. 
Unfortunately the efficacy of these medications is unsatisfactory and multiple side effects are 
common [7]. While the search of newer antidepressants continues, renewed interest in 
medicinal plants, for example, pomegranate, for the treatment of many CNS disorders has been 
on the ascendancy [8–10]. The present study aimed to explore the antidepressant activity of 
pomegranate juice on experimental model of depression through reserpine administration. 
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MATERIALS AND METHOD 
Animals 
Male adult albino rats 150 ± 10g were used. The animals were brought from laboratory animal 
breeding of National Organization for Drug Control and Research (NODCAR), Giza, Egypt. Rats 
were kept under strictly hygienic conditions, fed on a standard basal diet, and allowed free 
access to drinking water. Before the beginning of the experiment, animals were allowed to adapt 
to the environment for 2 weeks. The experimental protocols were approved by the NODCAR’s 
Institutional Ethical Guidelines for Animal Care and Usage. 
Materials 
Reserpine and fluoxetine hydrochloride were purchased from Sigma Co. USA. 
Reserpine was injected i.p in 5% Dimethyl sulfoxide (DMSO). The pomegranate juice was 
prepared and administered at dose of 3 ml/kg [11]. The tested dose of fluoxetine was equivalent 
to the daily human dose [12]. 
Induction of depression: All rats (except 12 rats were left as negative control group) were 
injected i.p by 1.0 mg/kg/B.wt of reserpine for two weeks, then maintained at 0.1 mg/kg for 14 
and 28 days. The negative control group and reserpinized main group was further divided into 
three groups as follows: 
G1, Negative control group (C), fed on basal diet and injected i.p with 5% DMSO (as vehicles). 
G2, Positive control group (Res), administrated and injected with vehicles. 
G3, , reserpinized rats  were treated with fluoxetine orally (30mg/kg). 
G4., reserpinized rats  were treated with pomegranate juice (3 ml/kg). 
G5, reserpinized rats  were treated with a combination of fluoxetine and pomegranate juice, 
orally. 
 
At the end of the treatment schedule, animals were subjected to behavioral studies including; 
Open field test (for studying locomotors activity), forcing swimming test and tail suspension test 
(for studying antidepressant activity), then they were killed bysudden decapitation. The brain 
was rapidly and carefully excised and then dissected on dry ice glass plate to separate 
hippocampus and cortex. Tissues were homogenized in iced 70% methanol, centrifuged and the 
supernatant was separated. Blood samples were collected, left to coagulate and serum was 
separated. The separated serum and supernatant of homogenate tissues were processed for the 
biochemical analysis which included: monoamines transmitters (serotonin, noradrenaline ND, 
and dopamine, DA) were determined in both hippocampus and cortex by using HPLC according 
to 
the method of Pagel et al. [13]. 
Open field Test: Locomotors activity was measured in the open-field test. One hour after the pre 
last treatment, all subjects were tested in the open-field apparatus. This test was used to rule 
out the possibility that a reduction in the immobility time in the FST is due to an increase in the 
locomotors activity of mice (false positive antidepressant effect). The rats were placed 
individually in an apparatus consisted of a square arena (It consists of wooden box of squared 
floor each side is 80 cm and 40 cm hight, with red sides and white floor. The field was divided 
into 16 equal square 4 x 4 by black lines. Each animal was introduced into the central square of 
the open field and observed for a period of 3 minutes to record the ambulation frequency which 
reflects the locomotor activity. It is defined as the number of squares crossed by the animal . The 
motion path of the rat was continuously traced manually. The open field was cleaned with a 
water-alcohol (10%) solution before behavioral testing to avoid possible bias due to odors 
and/or residues left by rat tested earlier [14]. 
Forced Swimming Test: In the present work, rats were placed individually in an acrylic glass 
tank (50 cm height, 30 cm diameter) filled with water to a depth of 25cm, at 25Cº, for 5min. The 
water is changed between each animal. The water level in the glasses must be high enough to 
prevent the animal from touching the bottom of the cylinder with his paws or tail, and low 
enough to avoid an escape through the top opening of the cylinder. 
 The duration of the immobility was recorded during the last 5 min of the 6 min trial. Immobility 
time was used as an index of depressive behavior. Immobility, i.e., when the mice remained 
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floating in the water, making only the necessary movements to keep their heads above water, 
and the active behaviors include: swimming, i.e., when the animal made active swimming 
motions; and climbing, i.e., when they made vigorous movements with their forepaws in and out 
of the water. Following the test, the animals were dried in a warm enclosure (30.0 ±1.0 °C) [15]. 
Statistical analysis: Data are expressed as mean ± S.E. All the data were analyzed using one way 
analysis of variance (ANOVA) followed by determination of least significant difference (LSD) for 
multiple comparison test. P-value < 0.05 was considered significant. 
 

RESULTS 

Tables 1 , 2 and 3 depicted that reserpine significantly depleted  monoamines in brain cortex. 
The individual treatment fluoxetine and pomegranate and their combination significantly 
attenuated the decreasing effect of reserpine on brain monoamines. The magnitude of the 
combined treatment was greater. 
Data in table 4 ,5 and 6 showed that reserpine significantly depleted  monoamines in midbrain 
and brainstem. The individual treatment fluoxetine and pomegranate and their combination 
significantly attenuated the decreasing effect of reserpine on brain monoamines. The magnitude 
of the combined treatment was greater. 
Reserpine treatment (1mg/kg) moderately affected the locomotor activity in open field test 
(fig.1) and increased the immobility time (Fig.2) in forced swimming test. In addition,  reduced 
dose of reserpine treatment (0.1 mg/kg) significantly increased immobility time and decreased 
swimming and climbing after the first and second intervals. Both fluoxetine and pomegranate 
juice individual treatments significantly minimized the effect of reserpine on immobility time 
and significantly increased swimming and climbing . Combined treatment significantly 
decreased the immobility time even than the control after the first interval (Figure 3 & 4). 
 

Table 1: Effect of Fluoxetine (10mg/kg) and Pomegranate Juice (Pom, 3 ml/kg) alone or 

in combination on Dopamine level (µg/g tissue) in Brain Cortex of Reserpinzed 

(Res,1mg/kg) Depressed Rat.  
Duration 

Group 

First interval 

mean ± S.E 

 

% of Control 
Second Interval 

mean ± S.E 

 

% of Control 
Control 0.792 ± 0.010 100.00 0.816 ± 0.021 100.00 
Res 0.557 ± 0.022 * 70.33 0.584 ± 0.023 * 71.57 
Res + Flx 0.782 ± 0.019 $ 98.74 0.821 ± 0.020 $ 100.62 
Res + Pom 0.707 ± 0.017 *, $ 89.27 0.743 ± 0.018 *, $ 91.05 
Res + Flx+ Pom 0.804 ± 0.021 $ 101.52 0.944 ± 0.022 $ 121.82 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
 
Table 2: Effect of Fluoxetine (10mg/kg) and Pomegranate Juice (Pom, 3 ml/kg) alone or 

in combination on Norepinephrine level in Brain Cortex of Reserpinzed (Res, 1mg/kg)  

Depressed Rat.  

                                         

Duration 

Group 

First interval 

mean ± S.E 

% of Control 
Second Interval 

mean ± S.E 

% of Control 

Control 1.128 ± 0.042 100.00 1.162 ± 0.044 100.00 
Res 0.574 ± 0.013 * 50.80 0.501 ± 0.020 * 43.12 
Res + Flx 0.922 ± 0.021 *, $ 81.74 1.061 ± 0.024 *, $ 91.30 
Res + Pom 0.978 ± 0.027 *, $ 86.70 1.124 ± 0.031 $ 96.73 
Res + Flx+ Pom 1.131 ± 0.039 $ 100.27 1.301 ± 0.044 *, $ 111.96 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
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 Table 3: Effect of Fluoxetine (10mg/kg) and Pomegranate Juice (Pom,3 ml/kg) alone or 

in combination on Serotonin level in Brain Cortex of Reserpinzed (Res, 1mg/kg)  

Depressed Rat.  

                                            

Duration 

Group 

First interval 

         mean ± S.E 

 

% of Control 
Second Interval 

mean ± S.E 

% of Control 

Control 0.170 ± 0.003 100.00 0.175 ± 0.003 100.00 
Res 0.108 ± 0.004 * 63.53 0.113 ± 0.004 * 64.57 
Res + Flx 0.146 ± 0.005 *, $ 85.88 0.154 ± 0.005 *, $ 88.00 
Res + Pom 0.142 ± 0.006 *, $ 83.53 0.149 ± 0.006 *, $ 85.14 
Res + Flx+ Pom 0.161 ± 0.007 $ 94.71 0.169 ± 0.008 $ 96.57 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
 
 

 

Table 4: Effect of Fluoxetine (10mg/kg) and Pomegranate Juice (3 ml/kg) alone or in 

combination on Dopamine level (µg/g tissue) in midbrain and brain stem of Reserpinzed 

(Res,1mg/kg)  Depressed Rat.  

Duration 

 

Group 

     First interval 

         mean ± S.E 

 

% of Control 
Second Interval 

mean ± S.E 

 

% of Control 

Control 0.555 ± 0.007 100.00 0.563 ± 0.013 100.00 
Res 0.390 ± 0.015 * 70.90 0.331 ± 0.013 * 58.78 
Res + Flx 0.547 ± 0.013 $ 99.45 0.629 ± 0.015 *, $ 111.72 
Res + Pom 0.495 ± 0.012 *, $ 90.00 0.544 ± 0.013 $ 96.62 
Res + Flx+ Pom 0.563 ± 0.015 $ 102.30 0.625 ± 0.016 *, $ 111.00 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
 
 

 

Table 5: Effect of Fluoxetine (10mg/kg) and Pomegranate Juice (3 ml/kg) alone or in 

combination on Norepinephrine level in midbrain and brain stem of Reserpinzed 

(Res,1mg/kg)  Depressed Rat.  
                                            

Duration 

 

Group 

First interval 

         mean ± S.E 

 

% of Control Second Interval 

mean ± S.E 

 

% of Control 

Control 1.269 ± 0.048 100.00 1.243 ± 0.043 100.00 
Res 0.646 ± 0.015 * 50.91 0.549 ± 0.013 * 44.17 
Res + Flx 1.038 ± 0.023 *, $ 81.80 1.193 ± 0.027 $ 95.98 
Res + Pom 1.100 ± 0.030 *, $ 86.68 1.210 ± 0.033 $ 97.35 
Res + Flx+ Pom 1.273 ± 0.043 $ 100.32 1.413 ± 0.048 *, $ 113.68 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
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Table 6: Effect of Fluoxetine (10mg/kg) and Pomegranate Juice (Pom, 3 ml/kg) alone or 

in combination on Serotonin level in midbrain and brain stem of Reserpinzed 

(Res,1mg/kg)  Depressed Rat.  
                                            

Duration 

 

Group 

First interval 

mean ± S.E 

 

% of Control Second Interval 

mean ± S.E 

 

% of Control 

Control 0.175 ± 0.003 100.00 0.177 ± 0.003 100.00 
Res 0.111 ± 0.004 *,$ 63.43 0.101 ± 0.004 * 57.06 
Res + Flx 0.151 ± 0.005 *,$ 86.29 0.174 ± 0.006 $ 98.31 
Res + Pom 0.146 ± 0.005 *,$ 83.43 0.161 ± 0.006 *, $ 90.96 
Res + Flx+ Pom 0.166 ± 0.008  $ 94.86 0.184 ± 0.008 $ 103.95 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
 

 

 

Table 7: Effect of  Fluoxetine (Flx,10mg/kg), Pomegranate Juice (Pom,3 ml/kg) alone or 

in combination on locomotor activity of Reserpine  (1mg/kg) treated Rat. 

                                            

Duration 

Group 

 2 week 

mean ± S.E  

 

% of Control 
4 weeks 

mean ± S.E 

 

% of Control 

Control 40.833  ± 3.167 100.00 44.500 ± 5.130 100.00 
Res 25.667 ± 3.870 * 62.86 23.000 ± 4.336 * 51.69 
Res + Flx 28.333 ± 3.612 * 69.40 26.667 ± 3.303 * 59.92 
Res + Pom 28.000 ± 4.033 * 68.57 29.167 ± 6.145 * 65.54 
Res + Flx+ Pom 23.500 ± 1.668 * 57.55 30.333 ± 3.252 * 68.16 
*significant different from control group in the same column 
$ significant different from Res group in the same column 
 
 
DISCUSSION 
Results of the study demonstrated  reserpine treatment increased the immobility in the forced 
swimming test. On the other hand, both fluoxetine and pomegranate juice and their comination 
have a significant antidepressant effect in the forced swimming test, where the immobility was 
decreased, whereas, the swimming and climbing time increased. Reduction in immobility has 
been used as the primary index for antidepressant effect of test substances in the forced 
swimming test—almost all antidepressants in clinical use induce a decrease in immobility in 
rodents whilst other drugs fail to give the same response [16, 17]. In accordance,  reserpine is 
an irreversible inhibitor of the vesicular monoamine transporter 2 (VMAT-2) which is located 
primarily within the CNS and is responsible for transporting monoamines from the cytoplasm 
into secretory vesicles [18, 19]. Treatment with reserpine therefore leads to depletion of 
vesicular monoamine stores. In the present study, the observation that reserpine significantly 
depleted monoamines content in both brain cortex and midbrain and brain stem might support 
behavioral manifestations and in a good keeping of the aforementioned explanation. 
Both fluoxetine, pomegranate juice and their combination greatly attenuated the decreasing 
effect of reserpine on monoamines levels in both brain cortex, midbrain and brain stem. This 
might due to the activation of  the monoamines' synthesis and/or inhibition of its turnover 
processes (probably by activation the reuptake mechanism). This effect might be attributed to 
antagonizing effect of fluoxetine upon reserpine’s actions. In accordance, several studies 
indicated the efficiency of fluoxetine in treating major depression  [20].  
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It seems likely that fluoxetine might increased the levels of monoamines by increasing their 
synthesis and release and/or decreasing their turnover. In accordance to this interpretation,  a 
previous study indicated that fluoxetine, through restoration of GABA functions, might recover 
the level of monoamines norepinephrine, dopamine (DA), and 5-hydroxytryptamine (5-HT) in 
hippocampus and normalize the turnover ratio of 5-HT and DA in hippocampus and amygdale 
of depressed rats [21]. In addition, a previous study showed that  Emblica offcinalis Gaertn. 
fruits extract was found to be comparable to fluoxetine (20 mg/kg), as antidepressant. This 
extract, and likely fluoxetine, elicited its antidepressant effect by decreaseing brain MAO-A 
levels [22], which leads to elevation of brain monoamines levels. In accordance to this claim, 
previous studies indicated that fluoxetine administration significantly elevated the contents of 
NE, 5-HT and DA and decreased their metabolites in rodents brain [23,24].   
 
Furthermore, The present data showed that pomegranate juice remarkably alleviate reserpine 
induced  depression in rats in a time dependent manner. The antidepressive effect of 
pomegranate juice was to a great extent comparable to fluoxetine’s.  It is likely that the 
antidepressive effect of pomegranate is related o its effect on the monoamines system or amino 
acids systems in the brain. In a good keeping with the present interpretation, Cambay et al. [25] 
indicated that pomegranate fruit supplementation decreases oxidative stress and ameliorates 
impairment in learning and memory performances in diabetic rats and suggested that 
pomegranate supplementation may be clinically useful in treating neuronal deficit in diabetic 
patients. A previous study showed that pomegranate is clinically effective on a depressive state 
in menopausal syndrome in women [26]. Moreover, Kumar et al. [27] showed that pomegranate 
extract (250 and 500 mg/kg) was able to induce a significant decrease in the immobility time in 
tail suspension test, similar to imipramine, a recognized antidepressant drug, Consistently, a 
recent study indicated that pomegranate completely inhibited lipid peroxidation in the brain,  
and reduced monoamine oxidase A and B enzyme activity [28], which might support the present 
claim that pomegranate might inhibit  monoamines turn over rate. 
 
The combined treatment remarkably abolished the depressive effect of reserpine in the forced 
swimming test parameters and normalized the levels of both monoamines. It worthy to note 
that the combined effect moderately exceeded the individual treatments which might indicate 
that both fluoxetine shared similar pathways to produced their antidepressive effects, which 
represent a type of competition. Hence, it is a good opportunity to reduced the fluoxetine dose 
and compensate by pomegranate as food supplement to attain the full antidepressive effect 

 

          *significant different from control group 

Figure 1: Effect of Reserpine (1mg/kg for 14 days) on Locomotor Activity in Open Field Test in 
Adult Rat. 
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*significant different from control group 
 
Figure 2: : Effect of Reserpine (1mg/kg for 14 days) on Adult Rat Performane in Forced 
Swimming Test. 
 
 

 

*significant different from control group 
$ significant different from Res group 
Figure 3: Effect of Fluoxetine (FLX, 10 mg/kg) and Pomegranate Juice (Pom, 3ml/kg) alone or in 
Combination for two Weeks on Forced Swimming Test Performance in Reserpinized (Res, 
1mg/kg) Rat.   
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significant different from control group 

$ significant different from Res group 
 
Figure 4: Effect of Fluoxetine (FLX, 10 mg/kg) and Pomegranate Juice (Pom, 3ml/kg) alone or in 
Combination for foor Weeks on Forced Swimming Test Performance in Reserpinized (Res, 
1mg/kg) Rat.   
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