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Abstract 
The aim of the present work is to evaluate the putative antidepressant-like effects of pomegranate 
fruit extract including seeds (PFE) on the performance of male mice in the forced swimming test 
(FST), after acute administration, after short-term treatment (7 days) and, after repeated admin-
istration in a 24-h period (24, 12 and 1 h before swimming test). A single dose (20 ml/kg p.o.) of 
PFE, in male mice provoked a significant reduction of the immobility time. Such effect was also 
observed with short-term treatment (7 days) with doses of 1 and 10 ml/kg/day of PFE. Moreover, 
it was noted that there were important differences in the onset of the antidepressant-like effect in 
the FST, depending on the modality of treatment with PFE. Both efficacy and potency were higher 
when repeated administration of PFE was used, and surprisingly the dose of 10 ml/kg (24, 12 and 
1 h before swimming test) was as effective as Fluoxetine. In the same way, the short term admin-
istration (7 days) improved significantly efficacy and potency of the PFE in comparison to a single 
dose treatment. These results indicate an antidepressant-like profile of action for PFE which de-
serves further research. 
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1. Introduction 
Depression is a major disease affecting nearly 13% - 20% of the population [1]. Roughly, 90% of patients with 
depressive symptoms suffer from mild to moderate depression, while only 10% are severely depressed. In mild 
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to moderate depression, in particular, some practitioners and patients are reluctant to use standard antidepres-
sants like tricyclic antidepressants or specific serotonin reuptake inhibitors (SSRIs), because of their side effects. 
Therefore, additional treatment strategies with fewer side effect profile, credible benefits and moderate costs are 
of particular interest [2] [3]. In the search for new molecules useful for the treatment of neurological disorders, 
medicinal plant research, worldwide, has progressed constantly, demonstrating the pharmacological effective-
ness of different plant species in a variety of animal models [4]. At the present time, forced swimming test (FST) 
is the most widely used model for assessing potential antidepressant activity in rodents, following acute and 
short-term treatment [5].  

Pomegranate (Punica granatum), a small tree originating in the Orient, belongs to the Punicaceae family [6]. 
It is grown mainly in Iran, India and in most Near and Far East countries. The main use of pomegranate is as ta-
ble fruit, but large amounts are used in the beverage and liquor industries [7]. In folk medicine, pomegranate 
preparations have a number of therapeutic actions [8]. 

The edible part of pomegranate is rich in anthocyanins thus; the major class of phytochemical present in po-
megranate is the polyphenols and includes flavonoids, condensed tannins and hydrolysable tannins. Hydrolysa-
ble tannins are predominant polyphenols found in pomegranate juice and account for 92% of its antioxidant ac-
tivity [9] [10].  

The present research was undertaken to study the duration of immobility in mice in the FST, after acute ad-
ministration, after short-term treatment (7 days) and, after repeated administration in a 24-h period (24, 12 and 1 h 
before swimming test) following oral ingestion of a standardized preparation of pomegranate fruit extract (PFE). 

2. Materials and Methods 
2.1. Pomegranate Extract  
Pomegranates (Punica granatum L.), was collected by one of the colleagues from the agriculture garden (under 
supervision of Agricultural Research Organization in Fars Province) in Shiraz, a city where known to have one 
of the best pomegranate native in Iran. Then washed, chilled to 4˚C, and stored. The seeds of the fruit containing 
the intact juice sacs were manually separated from the pericarp, and the whole juice extracted by the aid of elec-
tric juicer so that seeds break. Then filtered and stored in clean jars in fridge.  

2.2. Animals 
Male BALB/c mice, weighing 25 - 30 g were used in these experiments. They were group housed under the fol-
lowing laboratory conditions: temperature 23˚C ± 1˚C, humidity 40% - 60%, 12 h:12 h L/D cycle, lights on at 
07:00 h. Food and water were available ad libitum. All the experiments were carried out between 10:00 and 
15:00 h in testing rooms adjacent to the animal rooms. Each experimental group consisted of ten mice. Mice 
were treated in accordance with the current law and the NIH Guide for the Care and Use of Laboratory.  

2.3. Drugs 
Fluoxetine (Sigma) were suspended in normal saline (0.9% NaCl). 

2.4. Behavioral Tests 
This test was performed according to the procedure described by Porsolt et al. [11]-[13], with slight modifica-
tions [14]. Briefly, 1 h after dosing, the animals were individually forced to swim in a transparent glass vessel 
(25 cm high, 15 cm in diameter) filled with (12.5 cm high) water at 21˚C - 24˚C. The total duration of immobil-
ity (in seconds) was measured during the last 4 min of a single 6 min test session. Five groups of 10 mice were 
treated acutely with single dose of vehicle, PFE (1, 10 and 20 ml/kg) p.o. (Gavage), Fluoxetine i.p. (10 mg/kg) 
and 1 h later mice were individually forced to swim in the glass vessel. Other five groups of mice were short- 
term treated (7 days) with a single daily dose of vehicle, PFE (1, 10 and 20 ml/kg) p.o., or Fluoxetine i.p. (10 
mg/kg), and 1 h after the last administration they were individually forced to swim in same conditions. In a dif-
ferent set of experiments, five groups of 10 animals were subjected to repeated administration of three doses of 
vehicle, PFE using 1, 10 and 20 ml/kg p.o., Fluoxetine i.p. (10 mg/kg), 24, 12 and 1 h prior to the swimming test. 
Behaviour was monitored from the frontal side by a video camera for subsequent analysis. Mice were consid-
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ered immobile when they made no further attempts to escape except the movements necessary to keep their 
heads above the water. 

2.5. Statistical Analysis 
The results are expressed as mean ± S.D, and statistical analysis of the data was performed by Origin VI. ***p < 
0.001; **p < 0.01 were considered significantly different from vehicle, after non-parametric ANOVA. 

3. Results 
Effects of PFE on the Immobility Time  
A significant shortening of the immobility time was observed when an acute dose of either 20 ml/kg p.o., of PFE 
(p < 0.01) or fluoxetine (10 mg/kg i.p.) (p < 0.001) was administered to mice compared to vehicle treated ani-
mals. The reduction of immobility time, between these two mentioned groups was at the same level, statistically 
(Figure 1). Short-term treatment (7 days) induced a decrease of the immobility time when the animals were ex-
posed to the FST after dosing orally, once a day, with 1 (p < 0.001) and 10 (p < 0.001) ml/kg of PFE (Figure 1). 
In addition, repeated administration in a 24 h period showed a significant reduction of the immobility time with 
1 (p < 0.01) and 10 ml/kg (p < 0.001) of PFE in different groups of mice submitted to FST in comparison to 
control group (Figure 2). 

4. Discussion 
The present study characterized the effects of the administration of PFE on mice performance in FST following 
acute, short-term and repeated treatment. In many previous papers the antioxidant and anti-inflammatory prop-
erties of pomegranate fruit juice in animal labs has been emphasized [15]-[18]. Also, it has been reported that 
Pomegranate extract improves a depressive state and bone properties in menopausal syndrome model ovariec-
tomized mice [19]. Besides that, it was demonstrated that PFE exhibits low toxicity, no lethality, was well toler-
ated, did not induce significant changes in several behavioural and physiological parameters and is devoid of any 
hypnosedative activity, when administered to mice [15]. Recently, the antidepressant action of some herbal medi-
cines has been reported focusing on polyphenols as their major component [3] [4] [14]. The edible part of pome-
granate is rich in anthocyanins thus; the major class of phytochemical present in pomegranate is the polyphenols. 
 

 
Figure 1. Effect of the vehicle, fluoxetine (10 mg/kg, i.p.) and increasing single 
doses of PFE (1, 10 and 20 ml/kg p.o) on the forced swimming test (FTS) in mice. 
Each bar represents the mean ± SD of 10 animals. ***p < 0.001; **p < 0.01, signifi-
cantly different from vehicle, after non-parametric ANOVA.                    
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Figure 2. Effect of repeated administration of three doses in 24 h of vehicle, fluoxetine 
(10 mg/kg i.p) and increasing doses of PFE (1, 10, and 20 ml/kg p.o) on the forced 
swimming test (FTS) in mice. Each bar represents the mean ± SD of 10 animals. ***p < 
0.001; **p < 0.01, significantly different from vehicle, after non-parametric ANOVA.     

 
Because the pharmacotherapy of depression typically requires chronic drug treatment to obtain a full response 

in terms of antidepressant effect, it is critical to perform, not only acute, but also short-term, chronic and re-
peated treatments in the FST mice model. Certainly, the administration of PFE produced a diminution of immo-
bility time of mice exposed to the FST under acute, short-term or repeated modalities. Indeed, single dose of 20 
ml/kg p.o., of PFE provoked a highly significant reduction of immobility time (p < 0.01). Similar results were 
also observed with short-term treatment (7 days) with single dose of 1 (p < 0.001), and 10 (p < 0.001) ml/kg/day 
of PFE, but not with higher dose. Additionally, in a different set of experiments, repeated administration in a 
24-h period (24, 12 and 1 h before swimming) doses of 1 (p < 0.01) and 10 (p < 0.001) ml/kg p.o., of PFE pro-
voke significant reduction of the immobility time of male mice subjected to the FST, when compared to control 
group (vehicle) but not with higher dose. It is important to note that although single acute high dose, showed an-
tidepressant effect as fluoxetine, no significant effects observed in high dose of 20 mg/kg of PFE in repeated 
administration. This can be interpreted as acute tolerance or tacyfilaxy that might have happened in receptor re-
sponses. Moreover, depending on the modality of treatment with PFE (acute, short-term or repeated) in the FST, 
it was observed important differences in the onset of the antidepressant-like effect. In fact, both efficacy and po-
tency of PFE as antidepressant were higher when repeated administration was used, and interestingly 10 mg/kg 
(24, 12 and 1 h before swimming) was as effective as fluoxetine (10 mg kg i.p.) used as positive control. In the 
same way, the short term administration (7 days), improves significantly the efficacy and potency of the PFE, in 
comparison to single dose treatments. These behavioural effects were similar to those seen in mice treated with 
conventional antidepressant drugs, such as tricyclic, monoamine oxidase inhibitors and selective serotonine re- 
uptake inhibitors agents [5] [11] [20]. 

5. Conclusion 
In conclusion, the results of this preclinical study provide evidence about the antidepressant effects of the po- 
megranate fruit extract administered either acute or repeatedly in mice. These results contribute to the scientific 
validation of the indications of this plant in Iranian folk medicine. However, further experiments are needed to 
identify its active compounds and the corresponding mechanisms of action. Our results encourage us to pursue 
the identification of the molecules associated to the effect observed in PFE. 

Acknowledgements 
The authors would like to thank M. Aghakhani, for his help during experiments. The experimental work has 

0

50

100

150

** ****
**

Im
m

ob
ilit

y 
Ti

m
e 

(s
ec

)

Vehicle            Fluoxetine        PFE 1 ml/kg    PFE 10 ml/kg      PFE 20 ml/kg



M. H. Jahromy et al. 
 

 
5 

been done at physiology and pharmacology laboratory of medical sciences research center, Tehran Medical 
Sciences Branch, Islamic Azad University. 

References 
[1] Licinio, J. and Wong, M.L. (1999) The Role of Inflammatory Mediators in the Biology of Major Depression: Central 

Nervous System Cytokines Modulate the Biological Substrate of Depressive Symptoms, Regulate Stress-Responsive 
Systems, and Contribute to Neurotoxicity and Neuroprotection. Molecular Psychiatry, 4, 317-327. 

[2] Ernst, E. (1995) St. John’s Wort, an Antidepressant? A Systematic, Criteria-Based Review. Phytomedicine, 2, 67-71.  
http://dx.doi.org/10.1016/S0944-7113(11)80051-6 

[3] Laakmann, G., Dienel, A. and Kieser, M. (1998) Clinical Significance of Hyperforin for the Efficacy of Hypericum 
Extracts on Depressive Disorders of Different Severities. Phytomedicine, 5, 435-442.  
http://dx.doi.org/10.1016/S0944-7113(98)80039-1 

[4] Zhang, Z.J. (2004) Therapeutic Effects of Herbal Extracts and Constituents in Animal Models of Psychiatric Disorders. 
Life Sciences, 75, 1659-1699. http://dx.doi.org/10.1016/j.lfs.2004.04.014 

[5] Cryan, J.F., Page, M.E. and Lucki, I. (2005) Differential Behavioural Effects of the Antidepressant Reboxetine, Fluo- 
xetine, and Moclobemide in a Modified Forced Swim Test Following Chronic Treatment. Psychopharmacology, 182, 
335-344. http://dx.doi.org/10.1007/s00213-005-0093-5 

[6] Harde, H., Schumacher, W., Firbas, F. and Denffer, D. (1970) Strasburg’s Textbook of Botany.  
[7] Nagy, P., Shaw, P.E. and Wardowski, W.F. (1990) Fruits of Tropical and Subtropical Origin.  
[8] Bianchini, F. and Corbetta, F. (1979) Health Plants of the World.  
[9] Longtin, R. (2003) The Pomegranate: Nature’s Power Fruit? Journal of the National Cancer Institute, 95, 346-348.  

http://dx.doi.org/10.1093/jnci/95.5.346 
[10] Gil, M.I., Tomas-Barberan, F.A., Hess-Pierce, B., Holcraft, D.M. and Kedar, A.A. (2000) Antioxidant Activity of Po- 

megranate Juice and Its Relationship with Phenolic Composition and Processing. Journal of Agricultural and Food 
Chemistry, 10, 4581-4589. http://dx.doi.org/10.1021/jf000404a 

[11] Porsolt, R.D., Le Pichon, M. and Jalfre, M. (1977) Depression: A New Animal Model Sensitive to Antidepressant 
Treatments. Nature, 266, 730-732. http://dx.doi.org/10.1038/266730a0 

[12] Porsolt, R.D., Brossard, G., Hautbois, C. and Roux, S. (2001) Rodent Models of Depression: Forced Swimming and 
Tail Suspension Behavioural Despair Tests in Rats and Mice. In: Crawley, J.N., Ed., Current Protocols in Neuros-
cience, John Wiley & Sons, Inc., Hoboken, pp. 8.10A.1-8.10A.10. 

[13] Petit-Demouliere, B., Chenu, F. and Bourin, M. (2005) Forced Swimming Test in Mice: A Review of Antidepressant 
Activity. Psychopharmacology, 177, 245-255. http://dx.doi.org/10.1007/s00213-004-2048-7 

[14] Hellión-Ibarrola, M.C., Ibarrola, D.A., Montalbetti, Y., Kennedy, M.L., Heinichen, O., Campuzano, M., Ferro, E.A., 
Alvarenga, N., Tortoriello, J., De Lima, T.C. and Mora, S. (2008) The Antidepressant-Like Effects of Aloysia polys- 
tachya (Griseb.) Moldenke (Verbenaceae) in Mice. Phytomedicine, 15, 478-483. 

[15] Lansky, E.P. and Newmana, R.A. (2007) Punica granatum (Pomegranate) and Its Potential for Prevention and Treat- 
ment of Inflammation and Cancer. Journal of Ethnopharmacology, 109, 177-206.  
http://dx.doi.org/10.1016/j.jep.2006.09.006 

[16] Schubert, S.Y., Lansky, E.Ph. and Neeman, I. (1999) Antioxidant and Eicosanoid Enzyme Inhibition Properties of Po- 
megranate Seed Oil and Fermented Juice Flavonoids. Journal of Ethnopharmacology, 66, 11-17.  
http://dx.doi.org/10.1016/S0378-8741(98)00222-0 

[17] N.P. Seeram, L.S. Adams, S.M. Henning, Y.T. Niu, Y.J. Zhang, M.G. Nair and D. Heber (2005) In Vitro Antiprolifera-
tive, Apoptotic and Antioxidant Activities of Punicalagin, Ellagic acid and a Total Pomegranate Tannin Extract Are 
Enhanced in Combination with Other Polyphenols as Found in Pomegranate Juice. The Journal of Nutritional Bioche-
mistry, 16, 360-367. http://dx.doi.org/10.1016/j.jnutbio.2005.01.006 

[18] Aslama, M.N., Lansky, E.Ph. and Varani, J. (2006) Pomegranate as a Cosmeceutical Source: Pomegranate Fractions 
Promote Proliferation and Procollagen Synthesis and Inhibit Matrix Metalloproteinase-1 Production in Human Skin 
Cells. Journal of Ethnopharmacology, 103, 311-318. http://dx.doi.org/10.1016/j.jep.2005.07.027 

[19] Mori-Okamoto, J., Otawara-Hamamoto, Y., Yamato, H. and Yoshimur, H. (2004) Pomegranate Extract Improves a 
Depressive State and Bone Properties in Menopausal Syndrome Model Ovariectomized Mice. Journal of Ethnophar-
macology, 92, 93-101. http://dx.doi.org/10.1016/j.jep.2004.02.006 

[20] Borsini, F. and Meli, A. (1988) Is the Forced Swimming Test a Suitable Model for Revealing Antidepressant Activity? 
Psychopharmacology (Berlin), 94, 147-160. 

http://dx.doi.org/10.1016/S0944-7113(11)80051-6
http://dx.doi.org/10.1016/S0944-7113(98)80039-1
http://dx.doi.org/10.1016/j.lfs.2004.04.014
http://dx.doi.org/10.1007/s00213-005-0093-5
http://dx.doi.org/10.1093/jnci/95.5.346
http://dx.doi.org/10.1021/jf000404a
http://dx.doi.org/10.1038/266730a0
http://dx.doi.org/10.1007/s00213-004-2048-7
http://dx.doi.org/10.1016/j.jep.2006.09.006
http://dx.doi.org/10.1016/S0378-8741(98)00222-0
http://dx.doi.org/10.1016/j.jnutbio.2005.01.006
http://dx.doi.org/10.1016/j.jep.2005.07.027
http://dx.doi.org/10.1016/j.jep.2004.02.006


M. H. Jahromy et al. 
 

 
6 

Note List of Abbreviations 
Pomegranate fruit extract (PFE) 
Forced swimming test (FST) 
Specific serotonin reuptake inhibitors (SSRIs) 
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