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Abstract
Introduction: Pre-Menstrual Syndrome (PMS) is considered 
as a disorder with neuro-hormonal and gynecological 
dimensions. As a high prevalent condition that affects the 
quality of life for women, there is an increasing demand in 
using nutritional supplements to alleviate the symptoms of 
PMS. Pomegranate is a fruit containing different bioactive 
molecules that are previously shown to have anti-inflammatory 
and anti-depression properties suggesting its possible efficacy 
in physiological as well as psychological symptoms seen 
associated with PMS. This study attempted to evaluate the 
efficacy and safety profiles of VIQUA®, a pomegranate based 
polyphenol complex in subjects with PMS.

Materials and methods: This was a single center, prospective, 
randomized, double blind, two arm, parallel, placebo controlled; 
clinical study adhered to the good clinical practice guidelines 
and was approved by the ethical review board. Forty female 
adult subjects aged between 25-35 years participated in the 
study and all subjects completed the study without any adverse 
events. PMS symptoms were assessed using Premenstrual 
Symptoms Screening Tools Questionnaire (PSST) for 3 
consecutive menstrual cycles. Plasma Brain Derived 
Neurotrophic Factor (BDNF) levels and serum 14-Dihydro-15-
Keto Prostaglandin F2-Alpha (PGFM) were evaluated to 
understand the impact of test product supplementation in 
neurotransmitter and prostaglandin levels.

Results: At the end of 3rd menstrual cycle, mean PSST score 
in VIQUA® group showed a statistically significant reduction 
compared to baseline (P value>0.0001). In the subgroup 
analysis of PSST score, VIQUA® group showed significant 
reduction in physical symptoms score, psychological symptoms 
score and interfering symptoms scores. Compared to baseline, 
VIQUA® group showed a significant improvement in BDNF 
levels (P value>0.05) and significant reduction in 14-
Dihydro-15-Keto Prostaglandin F2-Alpha (PGFM) levels (P 
value>0.05). It was also noted that VIQUA® group had a 
considerable increase in the fecal Short Chain Fatty Acids 
(SCFA) levels.

Conclusion: Considering the significant improvement in 
different aspects of PMS including inflammation, pain and

psychological and psycho-somatic factors, VIQUA® shows 
great prospects as an effective supplement in treating PMS 
symptoms.

Keywords: Pomegranate; Clinical trial; Premenstrual 
syndrome; PMS; VIQUA®; Women health.

Introduction
A certain degree of discomfort is associated with menstruation in 

most women of reproductive age. But many of them report physical or 
psychological symptoms that impair their daily life and mental well-
being, during the luteal phase of their menstrual cycle [1]. It is known 
as premenstrual syndrome and is considered as a neuro-hormonal 
gynecological disorder [2].

The changes in hormonal levels especially that of estrogen and 
progesterone during the luteal phase can impact the brain and nervous 
system by altering the levels of neurotransmitters. The fall in these 
hormonal levels also lead to a rise in the prostaglandin levels. Studies 
have shown that progesterone reduces serotonin-based 
neurotransmission by decreasing the serotonin receptors and 
increasing serotonin degradation. It has also been reported that women 
with PMS shows altered functional sensitivity of the GABA receptor. 
Previously published data suggest the possible involvement of 
prostaglandins and neurotransmitters in the pathophysiology of PMS. 
Most studies indicate that prostaglandins are more responsible for the 
physical symptoms of PMS whereas neurotransmitters are mostly 
linked to the psychological symptoms [3-9].

As a high prevalent condition that affects the quality of life for 
women, various treatment modalities are tried and tested to treat PMS 
[10]. But most drugs used for treating PMS can have other side effects 
and hence there is an increasing demand in using nutritional 
supplements, herbs and other natural ingredients to alleviate the 
symptoms of PMS [11].

Pomegranate is a fruit containing different bioactive molecules that 
are previously shown to have anti-inflammatory and anti-depression 
properties suggesting its possible efficacy in prostaglandin led 
(inflammatory/physiological) symptoms as well as neurotransmitter led 
(depression/psychological) symptoms seen associated with PMS 
[12-18]. Pomegranate is a rich source of different micro and macro 
nutrients including vitamins, minerals and polyphenols. The current 
study product, VIQUA® is a proprietary polyphenol complex produced 
from naturally fermented pomegranate developed conjointly by 
Axialys Innovations in Annecy, France and Innovation Labo Sciences 
Co. Ltd. (Tokyo, Japan) and it is produced using the unique Royal 
rubis pomegranate variety cultivated in an organic, micro biome rich, 
biodynamic, sea water-irrigated plantation in Spain.

The main bioactive compounds present in VIQUA® are 
polyphenols such as punicalagin, granatin B, pedunculagine, 
resveratrol, punicalin and ellagic acid; vitamins such as vitamin D; 
metabolites, such as urolithin A, and minerals such as zinc.

Brain Derived Neurotrophic Factor (BDNF) is previously studied in 
association with the pathophysiology of PMS and studies have 
reported that serum BDNF levels were significantly lower in women 
with PMS compared to women without PMS [19]. And studies in
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post-menopausal women and depression patients have shown that 
BDNF levels increase post treatment with anti-depressive medication 
[20]. Hence serum BDNF can be a useful peripheral marker to assess 
the severity of mood swings and depression in women suffering from 
PMS.

As discussed above, the role of prostaglandins in premenstrual 
syndrome is widely studied and well-established. Many of the PMS 
symptoms can be attributed to the increased prostaglandins activity 
during this time. Direct impacts of prostaglandins are not only limited 
to inflammation but also expands to temperature regulation, cerebral 
blood flow, neurotransmitter release etc [21-25]. The release of 
endometrial prostaglandin F2-alpha occurs in the luteal phase of 
menstrual cycle but since it is inactivated into 13, 14-Dihydro-15-Keto 
Prostaglandin F2-Alpha (PGFM) during the first passage in lungs, 
plasma PGFM levels are usually used to assess the release of PGF2α 
secretion in the endometrium [26].

Different studies have shown that the anti-inflammatory action of 
pomegranate ingredients is exerted via inhibition of COX-2 expression, 
prevention of I κ B α degradation, regulation of NF- κ B and Nrf2 
signaling etc [27]. Inhibition of COX-2 expression also leads to 
reduced production of prostaglandins which helps to alleviate the pain 
and associated symptoms in PMS [28,29].

The anti-inflammatory action of pomegranate ingredients mainly 
involves the activation of the Estrogen Receptor β (ERβ) and the 
serotonergic system [30]. Apart from this, many pomegranate 
ingredients show direct anti-depressant like activity that involves 
modification of BDNF. The neuroprotective action and anti-depressant 
like action of quercetin is connected to its ability to modulate BDNF 
because the mechanism of action involves the activation of BDNF-
TrkB-PI3K/Akt signaling pathway [31]. Animal studies have shown 
that the anti-depressant action of another important pomegranate 
polyphenol, ellagic acid, is mediated by increased BDNF level [32]. 
Resveratrol which is another important pomegranate polyphenol is 
known to activate Extracellular Signal Regulated Kinase 1/2 (ERK1/2) 
and Camp Responsive Element-Binding protein (CREB) and thereby 
upregulate astroglia-derived neurotrophic factors [33].

The role of gut microbiota in health and diseases is long known. A 
large number of studies have identified and established the 
involvement of gut microbiota dysbiosis in various diseases such as 
autoimmune diseases, obesity and diabetes, heart diseases, liver 
diseases and neurological/psychological diseases etc. Recent studies 
have revealed the characteristic gut microbiota dysbiosis in PMS as 
well. Previous animal studied have shown that BDNF levels are 
increased with butyrate treatment and recent micro biome studies have 
clearly demonstrated that decreased levels of butyrate producing gut 
bacteria such as Butyricicoccus and Megasphaera are a characteristic 
feature of gut microbiota in PMS patients and are negatively 
correlated with the severity of PMS symptoms [34-47]. Epigenetic 
modifications are also implicated in the pathophysiology of depressive 
symptoms and butyrate, which is a histone deacetylase inhibitor, is 
known to exert an anti-depressant like activity via altering the gene 
expressions in the hippocampus [48]. Previous studies have shown 
that pomegranate extracts and its major components such as gallic acid 
and ellagic acid can increase the production of Short Chain Fatty 
Acids (SCFAs), especially butyrate [49]. These data points to another 
mechanism of action in the efficacy of pomegranate ingredients in 
alleviating PMS symptoms via gut microbiota modulation and 
increased butyrate production.

This current clinical trial is designed to evaluate the efficacy of 
VIQUA® in alleviating PMS symptoms by assessing the Premenstrual 
Symptoms Screening Tools questionnaire (PSST) score and direct 
markers of inflammation and depression (Serum PGFM and Plasma 
BDNF)

Methodology
This was a single center, prospective, randomized, double blind, 

two arm, parallel, placebo controlled; clinical study adhered to the 
good clinical practice guidelines and was approved by the ethical 
review board (registration number ILNP 212018-S088).

Subjects
Forty female adult subjects aged between 25-35 years were enrolled 

after signing the written informed consent. Subjects with regular 
menstrual cycle (21-35 days) and diagnosed PMS who were not 
pregnant, lactating, or participating in other clinical studies were 
included. Subjects were excluded if they: have any known allergy to 
any of the ingredients in the test product, have consumed any 
nutritional supplements within 1 month from start of study, have any 
serious mental or physical illnesses that might interfere with the 
outcome of the study. Study product, VIQUA® is a complex formula 
of polyphenols and their metabolites from pomegranate. 

Study procedure: Subjects were randomly assigned in a 1:1 
ratio to receive either VIQUA® or placebo once daily (daily dosage of 
300 mg) for 12 weeks. Both the test product and placebo were 
packed in identical containers, labeled with the trial number, 
and stored at room temperature. 

Efficacy assessments: PMS symptoms were assessed using 
Premenstrual Symptoms Screening Tools (PSST) questionnaire 
(Annex 1) administered at baseline (retrospective based on previous 
cycle) and end of menstrual cycle for the next three cycles during the 
study period. Scoring was done based on the severity of symptoms on a 
scale of 0-3 (0-not at all, 1-mild, 2-moderate, 3-severe) [50].

Blood samples were collected at mid luteal phase for assessment of 
plasma BDNF levels and serum PGFM. BDNF and PGFM levels were 
analyzed using Enzyme-Linked Immunosorbent Assay (ELISA) kits 
according to manufacturer’s instructions. For butyrate and other SCFA 
analysis, fecal samples were collected at mid luteal phase around the 
same time as blood sample collection. SCFAs were measured using a 
high-performance liquid chromatography organic acid analysis system 
and sample concentrations were normalized to the weight of fecal 
material.

Safety parameters: Patients underwent two physical examinations 
and laboratory evaluation at baseline and the end of the treatment 
period (hemoglobin, hematocrit, differential blood count, leucocytes, 
erythrocytes, thrombocytes, LDH, SGOT, SGPT, gamma-GT, 
bilirubin, creatinine, sodium, potassium, calcium, magnesium, 
phosphate, total protein, albumin, prolactin, iron, amylase, 
cholinesterase, alkaline phosphatase, triglycerides, cholesterol etc 
were measured). Adverse events were monitored throughout the study 
period.

Statistical analysis: Quantitative data were represented as mean ± 
SD and analyzed by independent student t-test. P value of <0.05 was 
considered statistically significant. To perform statistical analyses, 
statistical package for social science version 16 (SPSS Inc., Tokyo, 
Japan) was used.
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Results
All 40 subjects completed the study without any discrepancies and 

all their data is used in the final result analysis. Subjects menstrual 
period ranged from 3-7 days and interval between the periods ranged 
from 24-32 days. Baseline assessment showed that the groups did not 
show any statistically significant difference in any of the parameters 
tested (P value>0.05) (Table 1).

VIQUA® Placebo

Age (years) 29.75 ± 2.83 30.28 ± 2.78

BMI (Kg/m²) 24.47 ± 2.41 24.07 ± 2.59

Duration of cycle 
(days)

28.22 ± 2.59 27.28 ± 2.92

Duration of 
menstruation (days)

4.20 ± 1.12 3.86 ± 1.90

Total PSST score 34.95 ± 4.26 35.00 ± 4.70

Table 1: Baseline characteristics of VIQUA® and placebo group 
(data is presented as mean ± SD).

VIQUA® reduced severity of PMS symptoms

At the end of 3rd menstrual cycle, mean PSST score in VIQUA® 

group showed a statistically significant reduction compared to 
baseline. Retrospective PSST score recorded at the baseline did not 
show a significant difference between VIQUA® and placebo group 
(VIQUA® group PSST score=34.95 ± 4.26 and placebo group PSST 
score=35.00 ± 4.70, P value 0.972). At the 12th week analysis (3rd 
menstrual cycle after intervention), VIQUA® group showed a 
statistically significant reduction in total PSST score compared to the 
placebo group (VIQUA® group PSST score=25.70 ± 3.44 and placebo 
group PSST score=32.60 ± 4.54, P value<0.0001) (Figures 1(a)-1(d)).

Figure 1: 1(a), 1(b), 1(c) and 1(d) shows the change in severity of
symptoms according to PSST scoring by subjects in VIQUA® and
placebo group.

Figure 3: VIQUA® reduced PGFM levels shows changes in PGFM 
levels in both VIQUA® and Placebo groups.

In the subgroup analysis of PSST score, VIQUA® group showed 
significant reduction in physical symptoms score, psychological 
symptoms score and interfering symptoms score. Table 2 summarizes 
the results of PSST score for different symptoms from baseline to end 
of study period for both VIQUA® and placebo group. Data is 
presented as mean ± SD. P value<0.05 is considered statistically 
significant.
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VIQUA® improved plasma BDNF levels 
Anti-depressant like effect of VIQUA® supplementation is 
assessed via Plasma BDNF measurement at mid luteal phase. 
Compared to baseline, VIQUA® group showed a significant 
improvement (p-value <0.05) in BDNF levels whereas the 
BDNF levels in placebo group did not show any improvement 
(Figure 2).

Figure 2: VIQUA® improved plasma BDNF levels shows changes 
in mid-luteal BDNF levels in VIQUA® and placebo group.

VIQUA® reduced PGFM levels 
VIQUA® group recorded a significant reduction in the PGFM 
levels indicating a reduction of prostaglandin secretion in the 
uterus during luteal phase. It shows the changes in PGFM levels 
from baseline to end of study period in both VIQUA® and 
placebo groups (Figure 3).

Highlight

Highlight



Psychological Before 15.75 ± 2.66 <0.0001 15.20 ± 2.89 0.5352

After 11.40 ± 2.29 13.80 ± 2.62 0.0038

Interfering Before 11.05 ± 2.01 <0.0001 11.4 ± 1.50 0.5362

After 8.90 ± 1.26 10.6 ± 1.56 0.0005

Total Before 34.95 ± 4.26 <0.0001 35.00 ± 4.70 0.9715

After 25.7 ± 3.44 32.60 ± 4.54 0.0001

Table 2: Average PSST scores in VIQUA® and placebo group from 
baseline to end of 12 weeks. VIQUA® significantly reduced PMS 
symptoms from baseline to end of study period. (a) Paired t-test, (b) 
Unpaired t-test).

VIQUA® improved butyrate production

VIQUA® supplementation increased the SCFA production by the 
gut microbiota (Figure 4).

Figure 4: In 4(a), 4(b) and 4(c) shows the changes in the fecal
levels of butyrate, acetate and propionate of both VIQUA® and
placebo group. By the end of study period, VIQUA® group showed a
statistically significant improvement in all the three SCFAs tested.

Discussion
The results of this clinical trial indicated that 12 weeks of VIQUA®

supplementation resulted in significant reduction in PMS symptoms.
Consistent with previous studies, the baseline analysis showed that
subjects in both VIQUA® and placebo group had lower BDNF levels
compared to women without PMS. Pomegranate bio actives are
previously shown to have an anti-depressant like effect and the fact
that the reduction in psychological symptoms score in VIQUA® group

is also supported by an increase in BDNF levels during the mid-luteal 
phase indicates the efficacy of the study product in reducing 
psychological symptoms in PMS by promoting the BDNF levels 
[16-18].

This increased production of BDNF is further corroborated by an 
increase in the fecal Butyrate levels in the VIQUA® group. It has been 
shown that butyrate treatment could alleviate depression symptoms 
and elevate BDNF levels [47,49]. From this, we can safely assume 
that the efficacy of VIQUA® in gut micro biota modulation and the 
resultant increase in butyrate production could be the possible 
mechanism of action behind the significant reduction of psychological 
symptoms showed by the subjects in VIQUA® group.

Another important finding in this trial is the significant reduction in 
the pain and other physical symptoms associated with PMS recorded 
by the subjects in the VIQUA® group. This is further supported by a 
reduction in the prostaglandin levels in these subjects.

Conclusion
From data presented above, we can safely say that daily 

supplementation of VIQUA® is safe and effective in alleviating PMS 
symptoms. This study serves as the basis of future studies to explore 
more practical and side effect-free natural supplementations to 
effectively improve the quality of life for women suffering from PMS. 
Considering the significant improvement in different aspects of PMS 
including Inflammation, pain and psychological and psycho-somatic 
factors, it can be assumed that the study product shows great prospects 
as an effective supplement in treating PMS symptoms. Further multi-
centered clinical trials with larger ethnically diverse populations are 
recommended to generalize and establish the current results.
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