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Abstract: It has been reported that the aqueous extract of pomegranate (AE-PG) has polyphenols with
estrogenic-like activities. The present work determines if AE-PG alone or in combination with the
selective serotonin reuptake inhibitor, citalopram, has antidepressant-like effects. It was also analyzed
the participation of estrogen receptors (ER). AE-PG (0.1, 1.0, 10, or 100 mg/kg) was evaluated in
ovariectomized female Wistar rats subjected to the forced swimming test. The effects induced by
AE-PG were compared with those of citalopram (2.5, 5.0, 10, and 20.0 mg/kg) and 17β-estradiol
(E2; 2.5 5.0, and 10 µg/rat). Likewise, the combination of suboptimal doses of AE-PG (0.1 mg/kg)
plus citalopram (2.5 mg/kg) was evaluated. To determine if ER participates in the antidepressant-like
action of pomegranate, the estrogen antagonist tamoxifen (15 mg/kg) was administered with AE-PG
(1 mg/kg). AE-PG produced antidepressant-like actions with a similar behavioral profile induced
by citalopram and E2. Suboptimal doses of citalopram plus AE-PG produced antidepressant-like
effects. Tamoxifen was able to block AE-PG’s antidepressant-like actions. These results confirm the
participation of ER in AE-PG’s antidepressant-like effects. Furthermore, the additive effects observed
with the combined treatment of AE-PG plus citalopram could be advantageous in the treatment of
depressive disorders, such as menopause.

Keywords: pomegranate fruit; citalopram; ovariectomy; antidepressant-like action; estrogen
receptors; polyphenols

1. Introduction

The pomegranate Punica granatum L. (Lythraceae) fruit possess several beneficial health effects
for which it is considered a functional food [1]. Clinical and preclinical studies have shown
that pomegranate has anti-oxidant [2], anti-inflammatory, anticarcinogenic, anti-microbial [1],
anti-obesity [3], anti-nociceptive [4], and neuroprotective [5] actions. These properties are related to the
high content of phytochemicals in all parts of the fruit; for example, the peel is rich in polyphenols like
gallic acid, ellagic acid, catechin, epicatechin, quercetin, kaempferol, luteolin, rutin, and anthocyanins;
some of them are a source of compounds with estrogenic activity. Additionally, the seeds are rich
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in fatty acids, sterols, and phytoestrogens, such as punicic acid, linoleic acid, oleic acid, palmitic
acid, stigmasterol, β-sitosterol, cholesterol, 17-α-estradiol, estrone, testosterone, estriol, oleanolic acid,
isoflavones, and phenyl aliphatic glycosides/lignins [3,6–9].

Interestingly, the main polyphenols present in the aqueous extract of the fruit of pomegranate
are ellagitannins, such as punicalagin (α and β), and flavonoids, such as anthocyanidins,
catechins, and flavonols [4]. Ellagitannins are easily hydrolyzed to ellagic acid and in different
portions of the small and large intestine; ellagitannins are transformed by bacterial metabolism to
hydroxy-6H-dibenzo[b.d]pyrene-6-one compounds, called urolithins. These last compounds possess
estrogenic activity on in vitro assays [10,11]. These data suggest that pomegranate is an excellent
source of phytoestrogens [12,13].

On the other hand, the first-line treatments prescribed against menopause symptoms are
antidepressants, such as selective serotonin reuptake inhibitors to treat depressive symptoms and
hormone replacement therapy for hot flashes and osteoporosis [14,15]. However, in the last decades,
the use of phytoestrogens recovers new interest due to its potential for the treatment of osteoporosis and
vasomotor symptoms among others [16]. In fact, the therapeutic effect of pomegranate for the treatment
of menopause-related symptoms has been tested with controversial results. For example, a systematic
review reported that pomegranate treatment reduces osteoporosis, osteoarthritis, or rheumatoid
arthritis [17]; in contrast, pomegranate treatment was ineffective to reduced hot flashes and psychiatric
symptoms [18].

In parallel, preclinical studies have reported that pomegranate reduced some menopausal signs
in animal models. For instance, pomegranate seed oil consumption favors bone mineral density and
prevents the trabecular damage in ovariectomized mice [19]. Additionally, the juice of pomegranate,
rich in phytoestrogens, produces antidepressant-like effects and decreases bone loss in ovariectomized
mice [8]. In both studies, the pomegranate was administered immediately after surgery; however, it is
unknown if the pomegranate juice can induce antidepressant-like effects when its administration starts
several weeks after ovary elimination. Furthermore, although phytoestrogens have been proposed to
mediate the antidepressant-like action of pomegranate, the involvement of estrogen receptors in its
mechanism of action is unknown.

Nevertheless, Naveen et al. reported that the juice of pomegranate-peel extract induced
antidepressant-like actions in the chronic mild stress model [20]. These authors suggested that this
antidepressant-like effect was due to the high content of polyphenols, mainly flavonoids which are
proposed to decrease the monoamine oxidase (MAO)-A and -B activity in the brain, modifying the
monoamine levels [20]. These results suggest that as a modulator of monoamine levels, pomegranate
administration could synergize with antidepressant drugs to facilitate an antidepressant-like effect.

Therefore, the present work evaluates if the aqueous extract of Punica granatum (AE-PG)
alone or in combination with the selective serotonin reuptake inhibitor, citalopram, produces
an antidepressant-like effect and if this effect is related to estrogen receptor (ER) activation in
ovariectomized rats. As reference drugs, citalopram and 17β-estradiol (E2), were tested on the
forced swimming test (FST) according to previous reports [21–23].

2. Results

2.1. Antidepressant-Like Effect of the AE-PG, E2, and Citalopram

The chronic administration of the AE-PG at the doses of 1, 10, and 100 mg/kg produced a
significant decrease in immobility (antidepressant-like effect) (F(4,37) = 10.366; p < 0.001). In addition,
the AE-PG produced an increase in swimming behavior (F(4,37) = 7.705; p < 0.001) without modifying the
climbing behavior (F(4,37) = 0.428; non-significant) (Figure 1a). In contrast, the chronic administration of
E2 at the dose of 10 µg/rat produced an antidepressant-like effect (decreased immobility: F(4,34) = 6.039;
p < 0.001) increasing the swimming behavior (F(4,34) = 4.478; p < 0.05), but not the climbing behavior
(F(4,34) = 0.253; non-significant) (Figure 1b). Finally, the chronic administration of citalopram also
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produced an antidepressant-like effect at the doses of 5, 10, and 20 mg/kg by decreasing immobility
(F(4,42) = 15.131; p < 0.001) and increasing swimming behavior (F(4,42) = 8.967; p < 0.001) while the
climbing behavior was not modified by any dose (F(4,42) = 0.868; non-significant) (Figure 1c).

Figure 1. Behavioral effects produced by the chronic administration (14 days; one administration per
day) of the AE-PG (panel (a); n = 7–9 per dose), E2 (panel (b); n = 7–8 per dose), and citalopram (panel
(c); n = 8–10 per dose) on the forced swimming test. The figure shows the mean number of counts ±
standard error. Dunnett post hoc: * p < 0.05; *** p < 0.001 versus the control group. AE-PG = aqueous
extract of pomegranate; E2 = 17β-estradiol.
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2.2. Participation of ER in the Antidepressant-Like Effect of AE-PG

Figure 2 shows the effect of the chronic administration of the minimum effective dose of AE-PG
(1 mg/kg) in the presence of a non-selective ER antagonist (tamoxifen; 15 mg/kg). The group treated
only with the AE-PG decreased in immobility when compared to the vehicles groups, by contrast,
the group treated with tamoxifen shows a similar behavioral pattern to the control group. Importantly,
the group treated with AE-PG in the presence of tamoxifen blocked the antidepressant-like effect
produced by the group treated with AE-PG alone. The one-way ANOVA shows significant differences
in immobility (F(3,23) = 17.841; p < 0.001) and in swimming behavior (F(3,23) = 12.470; p < 0.001), but not
in climbing behavior (F(3,23) = 3.022; non-significant).

Figure 2. Behavioral effects of the chronic administration (14 days; one administration per day) of the
minimum effective dose of the AE-PG (1.0 mg/kg) with Tmx (15 mg/kg) on the forced swimming test.
The figure shows the number of counts ± standard error (n = 6–7 animals per dose). Tukey post hoc:
* p < 0.05; *** p < 0.001 versus the corn oil + saline group; ### p < 0.001 versus the AE-PG + corn oil
group. AE-PG = aqueous extract of pomegranate; Tmx = Tamoxifen.

2.3. Effect of the Simultaneous Administration of Suboptimal Doses of AE-PG plus Citalopram

Figure 3 shows that the chronic administration of the AE-PG (0.1 mg/kg) and citalopram
(2.5 mg/kg) given independently did not produce any change in any behavior. The ANOVA results are:
F(3,36) = 39.908, p < 0.001 for immobility; and F(3,36) = 20.217, p < 0.001 for swimming and F(3,36) = 0.907,
NS for climbing. The group treated with combination of the suboptimal doses of the AE-PG and the
citalopram produced additive effects since there was a significant decrease in immobility (Tukey’s test:
p < 0.001; citalopram + AE-PG vs. AE-PG + saline) (p < 0.001; citalopram + AE-PG vs. AE-PG + saline)
and the swimming behavior increased (Tukey’s test: p < 0.001; citalopram + AE-PG vs. AE-PG + saline)
(p < 0.001; citalopram + AE-PG vs. AE-PG + saline) when compared to the independent groups.
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Figure 3. Behavioral effects of the simultaneous administration of the suboptimal dose of the AE-PG
(0.1 mg/kg) plus the suboptimal dose of the citalopram (2.5 mg/kg) (chronic administration for 14 days;
one administration per day) on the forced swimming test. Shown are the mean number of counts
± standard error (n = 10 animals per dose). Tukey post hoc: *** p < 0.001 versus the control group;
&&& versus the suboptimal doses groups. AE-PG = aqueous extract of pomegranate.

2.4. Effects of Treatments on the General Activity Test

No significant differences in locomotor activity were shown between the control group and
the treated groups with the AE-PG and with E2 (Table 1). However, the chronic administration of
citalopram at the dose of 5 mg/kg produced a significant decrease in locomotor activity (Table 1).
On the other hand, neither the chronic administration with AE-PG plus citalopram nor with AE-PG
plus citalopram produced significant differences in locomotor activity when compared to control
groups (Table 2).

Table 1. Number of crossings in the open-field test with the chronic administration of AE-PG,
17β-estradiol, and citalopram.

Treatment Dose n Mean ± SEM One Way ANOVA (F) p

AE-PG

Saline 8 54.667 ± 5.632

F(4,37) = 0.869 0.491
0.1 mg/kg 9 53.667 ± 5.370
1 mg/kg 9 59.778 ± 7.579

10 mg/kg 7 60.556 ± 3.775
100 mg/kg 9 67.333 ± 6.298

17β-estradiol

Corn oil 8 79.375 ± 1.711

F(4,34) = 0.628 0.646
1.25 µg/rat 8 77.750 ± 3.299
2.5 µg/rat 8 74.375 ± 3.615
5 µg/rat 8 75.125 ± 2.702

10 µg/rat 7 79.714 ± 3.656

Citalopram

Saline 10 77.500 ± 3.390

F(4,42) = 8.197

-
2.5 mg/kg 10 82.400 ± 2.864 0.618
5 mg/kg 10 60.500 ± 2.051 <0.05

10 mg/kg 8 70.625 ± 2.179 0.376
20 mg/kg 9 79.333 ± 4.444 0.982

The mean ± standard error, F value of the one-way ANOVA and Dunnett’s post hoc test vs. the control group
are shown.
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Table 2. Number of crossings in the open-field test with the chronic administration of Tmx + AE-PG
and citalopram + AE-PG.

Experiment Treatment n Mean ± SEM One Way ANOVA (F) p

Tmx + AE-PG

Corn oil + Saline 6 74.000 ± 2.944

F(3,23) = 0.644 0.594
Corn oil + AE-PG 7 75.000 ± 0.093

Tmx + Saline 7 78.143 ± 1.438
Tmx + AE-PG 7 74.429 ± 2.608

AE-PG + Cit

Saline 10 62.200 ± 6.277

F(3,36) = 4.797 0.07
Saline + AE-PG 10 57.400 ± 6.848

Saline + citalopram 10 79.700 ± 2.745
AE-PG + citalopram 10 78.200 ± 3.408

The mean ± standard error, F value of the one-way ANOVA and Dunnett’s post hoc test vs. the control group
are shown.

3. Discussion

The present study determined if the aqueous extract of pomegranate (AE-PG) induced
antidepressant-like effects in rats under conditions similar to those of menopause in women. To this
aim, we used the forced swimming test to analyze the effects of AE-PG. This animal model of depression
is one of the most common models used for evaluating pharmacological antidepressant activity [24–26]
and it provides a tool to analyze the participation of different neurochemical circuits involved in their
mechanism of action [27,28]. Thus, it has been established that swimming behavior is increased by a
serotonergic mechanism, while climbing behavior is increased by a catecholaminergic one [22,24,29,30].

The results of the present study confirm that the AE-PG induces antidepressant-like effects
and that ER participate in this effect probably through an interaction with the serotonergic system.
Moreover, it was determined that the combination of AE-PG plus citalopram produce an additive
antidepressant-like effect.

3.1. Antidepressant-Like Action Induced by Chronic Treatment of AE-PG

The chronic administration of the aqueous extract of pomegranate reduced immobility behavior
and significantly increased swimming behavior without modifying the climbing behavior. A similar
effect was induced by the typical serotonergic antidepressant citalopram. This result suggests that
the pomegranate extract produces an antidepressant-like effect in ovariectomized rats. These results
are consistent with two studies in male and female mice that showed an antidepressant-like effect
produced by pomegranate extract under an acute treatment [8]. However, that study did not analyze
the active behaviors of the aqueous extract in the forced swimming test.

Based on the behavioral profile observed in the present study, it can be suggested that AE-PG
induces its antidepressant-like actions through the serotonergic system. Additionally, the behavioral
effects observed were similar to those induced by the selective serotonin reuptake inhibitor citalopram
and by E2. In a previous study the participation of the serotonergic system in E2 antidepressant-like
effect was demonstrated [22,31]. Therefore, the idea that the serotonergic system could participate in
the antidepressant-like effect of AE-PG is feasible.

Currently, there are no reports in the literature showing that pomegranate extract has a direct
action on the serotonergic system. A study in male mice evaluated the effects of the polyphenols
obtained from the peel of the pomegranate. In this case, it was shown that pomegranate extract induces
an antidepressant-like effect by inhibiting brain MAO-B and MAO-A enzyme activity by 60% and 17%,
respectively [20]. It is possible that the inhibition of both enzymes’ activity contributes to prevent 5-HT
degradation and, therefore, an increase in swimming behavior could be observed, however, specific
experiments are required to support this proposal.

In this study, we used an aqueous extract of the whole pomegranate. According to González-Trujano
et al. the polyphenols that predominate in this extract are ellagitannins (ellagic acid in its two forms:
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glycone and aglycone; 15.77 ± 0.15 mg/g) and punicallagins (5.46 ± 0.04 mg/g); and to a lesser extent,
the flavonoids anthocyanidins (2.09 ± 0.23 mg/g) [4]. These data agree with another report in which
the extract of the whole fruit of pomegranate contains flavonoids and ellagitannins as total soluble
polyphenols [32].

Ellagic acid has been tested in the FST in mice and it has been seen that it induces an
antidepressant-like effect prevented by the serotonin depletion and the antagonism to 5-HT2, 5-HT3,
and α1- and α2-adrenoceptors [33]. This data suggests that this photochemistry could be responsible,
at least in part, of the antidepressant-like action of AE-PG.

Another possible explanation for the effect of AE-PG on swimming behavior could be given if
one considers that ellagitannins can be metabolized by the microbiota to compounds called urolithins,
which have activity on estrogen receptors α and β [11,34]. Indeed, ERβ agonists have similar behavioral
effects as AE-PG in the FST [35]. Additionally, the phytoestrogens genistein and coumestrol have a
similar effect in the FST [35–37].

There is evidence that ERβ activation promotes changes in the 5-HT-1A receptor’s sensitivity [38],
a receptor involved in the antidepressant-like effect of E2 [31]. Considering this information, it
is possible that the metabolites of the ellagitannins induce their antidepressant-like effect through
the activation of estrogen receptors, which modulate the serotonergic system activity [39]. In fact,
our results reveal that the antidepressant-like effect produced by the AE-PG is reversed with
the administration of tamoxifen, a non-specific estrogen receptor antagonist [40], confirming the
participation of ER in this effect.

Furthermore, it should be mentioned that current results with the chronic administration of
citalopram contrast with the results previously reported [41]. Vega-Rivera et al. showed that citalopram
had no action in the FST: however, in that study 15 month-old female rats and a sub-chronic scheme of
drug treatment was used. In contrast, in the present study we used young female rats and administered
a chronic treatment. Therefore, it is likely that both the age and the treatment regimen could modify
citalopram’s response. Future studies should analyze this proposal.

Our results are consistent with previous studies following sub-chronic citalopram administration,
even at lower doses than those handled in the present study [42,43].

3.2. Combined Treatment of AE-PG plus Citalopram

The combination of suboptimal doses of AE-PG and citalopram induced antidepressant-like
effects; these actions were significantly higher in comparison with the individual treatments of E2
and citalopram per se. In this case, the combined treatment decreased immobility behavior by 31.9%
compared to AE-PG and by 31.66% compared to citalopram. Therefore, we could say that it was
observed an additive antidepressant-like effect. Concerning swimming behavior, the combination
produced an increase of 62.1% compared to the AE-PG and 65.5% compared to citalopram.

Generally, in clinical practice, the first choice of drug for the treatment of depressive disorders
during menopause is citalopram, because its metabolism is mainly through the cytochrome p450
isoenzyme CYP2C19. Therefore, citalopram is the antidepressant that least intervenes in the
metabolism of drugs prescribed for other medical complications common during menopause, such as
cardiovascular illnesses [44].

With regard to the metabolism of polyphenols, they are known to be metabolized principally
through the intestinal microbiota [45]; the main route for the ellagitannins [46]. It is important to
mention that it has been determined that polyphenols inhibit the activity of the CYP3A4 enzyme [47].
In particular, the ellagic acid is known to have an inhibitory potential on the CYP1A1 and CYP2E1
enzymes [48].

An advantage of this combination is that due to the behavioral response observed and based on
the literature, the inhibitory effect of the polyphenols contained in the AE-PG does not interfere with
the metabolism of citalopram, so their combined use could be safe. In clinical and preclinical studies,
it has been established that the combination of selective serotonin reuptake inhibitors and estrogenic
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compounds produce a potentiation of the antidepressant effect [49,50]. In particular, Soares et al.
determined that citalopram could be effective as an adjunctive treatment for vasomotor symptoms and
mood disorders in women during peri- and post-menopause who did not respond to the treatment
with E2 alone [51].

Taking into account that, in the present study, AE-PG produces its antidepressant effect
through the serotoninergic system and, with the participation of ER, our results showed a pattern
similar to the results obtained by Recamier-Carballo et al. In this case, an additive action of the
antidepressant-like effects of a selective serotonin reuptake inhibitor (fluoxetine) occurred with E2 [49].
Thus, the combination AE-PG plus citalopram could be an alternative that involves the use of a natural
product with estrogenic activity.

Finally, regarding the results of animals’ locomotion, in the present study, it was observed
that citalopram decreased locomotion but, at the same time, in the FST, it decreases immobility by
increasing swimming behavior. In this case, the effect of citalopram in locomotion is not affecting
its antidepressant-like effect because a sedative effect would be seen in the FST by an increase in
immobility behavior and decreased active behaviors [24]. Therefore, it is possible to rule out that the
antidepressant-like effect of this compound is due to a non-specific action.

4. Materials and Methods

4.1. Animals

This study used ovariectomized female Wistar rats (12–16 weeks old). All animals were provided
by the vivarium of the “Instituto Nacional de Psiquiatría Ramón de la Fuente Muníz (INPRFM)”
(Mexico City, Mexico) and housed in groups of eight in polycarbonate cages. Animals were maintained
on a 12 h inverted light-dark cycle (lights on at 10 am) in a 23–25 ◦C temperature-controlled room of the
“Centro de Investigación y Estudios Avanzados del Instituto Politécnico Nacional (CINVESTAV-IPN)”
(Mexico City, Mexico). Rats had free access to food and water. All animal procedures were performed
according to the official Mexican norm (NOM-062-ZOO-1999) and approved by the Ethics Committee
of the CINVESTAV-IPN No. 379-07 (23/04/2007) and INPRFM No. CEI-200 (10/12/2015).

4.2. Drugs

In this study we used a whole fruit aqueous extract of Punica granatum (AE-PG) which was kindly
provided by Nutracitrus S.L. (Elche, Alicante, Spain). The AE-PG was dissolved in saline solution
0.9% and administered orally (0.1, 1, 10, and 100 mg/kg doses); 17-β estradiol or E2 (Sigma-Aldrich,
Toluca, Mexico) was dissolved in corn oil and injected subcutaneously (1.25, 2.5, 5, and 10 µg/rat).
The citalopram hydrobromide (Sigma-Aldrich, Toluca, Mexico) was dissolved in saline solution
0.9% and injected intraperitoneally (2.5, 5, 10, and 20 mg/kg), and tamoxifen citrate (Sigma-Aldrich,
Toluca, Mexico) was dissolved in corn oil and injected subcutaneously (15 mg/kg dose). The anesthetic
2,2,2-Tribrom-ethanol 2% (Sigma-Aldrich, Toluca, Mexico) was freshly prepared (for 25 mL, 0.5 g of
tribrom-ethanol were dissolved in 2 mL of ethanol; thereafter, 23 mL of saline solution was slowly
added while stirring) and administered intraperitoneally (10 mL/kg).

4.3. Ovariectomy

Ovariectomy was performed under 2,2,2-Tribromo-ethanol 2% (200 mg/kg) anesthesia.
Ovaries were removed from the low abdominal cavity through one single midline incision which was
properly sutured and treated with benzalkonium chloride 50%. Animals were kept in recovery for
three weeks and then randomly divided into the experimental groups, and the behavioral studies
were performed.
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4.4. Forced Swimming Test (FST)

The animals were individually placed in a glass-cylinder (45 cm height × 20 cm diameter) with
water at 25 ± 1 ◦C and a depth of 30 cm. The FST was held in two sessions; the pre-test session,
which lasted for 15 min and the test session, which lasted 5 min and which was performed fourteen
days after the pre-test. There are several report that indicate that the changes induced by the pre-test
remains for at least 21 days [52–54], to revert these changes the treatment started after the pre-test
session. The test session was video-recorded for later analysis. After each session, the rats were
removed from the water, well dried with paper towels, and returned to their clean home cages.

4.5. Behavioral Scoring

The behavioral scoring was performed to the test session by a five second sampling technique
in which immobility, swimming, and climbing behaviors were recorded by an observer that was
unaware of the groups’ treatments. Immobility behavior was considered when the rat did just the
necessary movements to stay afloat, swimming behavior was considered when the rat moved around
the cylinder or dived, and climbing behavior was considered when presenting active movements of
scaling, such as moving in and out of the water with its forepaws against the glass walls [55].

4.6. Activity Test

The effect of drug treatments on locomotor activity was evaluated in the open-field test just before
the test session of the FST and video-recorded for later analysis. Briefly, animals were individually
placed for 5 min in an acrylic cage (43 × 33 × 20 cm) with a drawn grid on the floor with 12 squares
(11 × 11 cm). For the behavioral analysis, the number of times that the rat crossed the drawn squares
was recorded during the 5 min session. A count was considered when the four paws were in each
square. Between each session, the cage was cleaned with cleaning solution.

4.7. Statistics

Statistical analysis was performed using the Sigma Plot 12.0 Systat software (San Jose, CA, USA).
One-way ANOVA followed by a Dunnet post hoc test was used when comparing experimental groups
versus the control group, and one-way ANOVA followed by a Tukey’s post hoc test when making
multiple comparisons between treatments. Values of p < 0.05 were considered as significant.

4.8. Experimental Design

4.8.1. Experiment 1: Antidepressant-Like Effects of AE-PG, E2, and Citalopram

For this experiment, dose-response curves were constructed as follows: (1) AE-PG (saline, 0.1, 1, 10,
and 100 mg/kg); (2) E2 (corn oil, 1.25, 2.5, 5, and 10 µg/rat) as a positive control of antidepressant-like
effect of estrogenic compounds; and (3) citalopram (saline, 2.5, 5, 10, and 20 mg/kg) as a positive control
of antidepressant-like effects of selective serotonin reuptake inhibitors. All treatments were conducted
with an independent group design (n = 7–10 rats per dose) and followed a chronic administration
regimen (one dose per day during 14 days) that started twenty-four hours after the pre-test session.
All behavioral tests were conducted twenty-four hours after the last pharmacological administration.

4.8.2. Experiment 2: Analysis of the Participation of ER in the Antidepressant-Like Effects of AE-PG

Once the antidepressant-like effect of AE-PG was determined, the minimum effective dose
of AE-PG (1 mg/kg) was evaluated in the presence of the non-selective ER antagonist; tamoxifen
(tamoxifen; 15 mg/kg). For this experiment, we used four independent experimental groups of
ovariectomized Wistar rats: (1) saline + corn oil; (2) tamoxifen + saline; (3) AE-PG + corn oil,
and (4) tamoxifen + AE-PG. All experimental groups (n = 7–10 animals per group) followed the
same experimental design of the chronic scheme of treatment used in Experiment 1.
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4.8.3. Experiment 3: Effect of the Simultaneous Administration of Suboptimal Doses of AE-PG Plus
Citalopram

We evaluated the antidepressant-like effect of the combination of the suboptimal doses of AE-PG
(0.1 mg/kg) and citalopram (2.5 mg/kg) determined from the dose-response curves constructed
in Experiment 1. Additionally, four experimental groups of ovariectomized Wistar rats were used:
(1) Saline; (2) AE-PG + saline; (3) citalopram + saline and (4) AE-PG + citalopram. All experimental
groups (n = 10–12 animals per group) followed the same experimental design of the chronic scheme of
treatment used in Experiment 1.

5. Conclusions

This study determined that the chronic administration of AE-PG produces an antidepressant-like
effect through the modulation of the serotoninergic system and the participation of the ER. The results
suggest that metabolites derived from the metabolism of ellagitannins (urolithins) may have estrogenic
action. However, further studies are needed to confirm their direct involvement.

Likewise, an antidepressant-like effect was observed when the pomegranate extract was combined
with citalopram, suggesting an additive-type action, since we observed a summation of about 50%.
According to the literature, when combining the compounds, the metabolism of one compound does
not alter the metabolism of the other. However, it would be necessary to confirm that they do not have
undesirable pharmacokinetic interactions.
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