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ABSTRACT

Background: The quality of sleep in people with irritable bowel syndrome (IBS) is reduced by increased oxidative stress and clinical
problems. Assessing the effects of ellagic acid (EA) on sleep quality and gastrointestinal symptoms in patients with IBS was the aim of
this study.

Methods: In this research that was conducted as a randomized, double-blind, placebo-controlled clinical trial, 44 patients with IBS were
enlisted. Individuals approved by the project clinical counselor were divided into two intervention groups to receive 180 mg of EA per day
(n =22) and a placebo group (n = 22) for 2 months. Petersburg’s Sleep Quality (PSQI) questionnaire and IBS severity score system (IBSSS)
were assessed at the beginning and end of the study. Statistical analysis was performed using SPSS software.

Results: At the end of the study, changes in mean PSQI and scores related to sleep subgroups were significant between the two groups
(P < .05). Also, the significant changes were not seen in sleep and sleep subgroups scores in the placebo group at the end of the study
(P > .05). EA consumption reduced IBSSS score and IBS symptoms in the intervention group after 2 months (P < .05).

Discussion: The results arisen from this study indicated that receiving EA had a beneficial effect on sleep quality and gastrointestinal

symptoms in IBS patients. The antioxidant and anti-inflammatory properties of EA may be responsible for these beneficial effects.
Keywords: Ellagic acid, sleep quality, gastrointestinal symptoms, irritable bowel syndrome.

INTRODUCTION

Sleep is one of the natural functions of the body that
forms about one-third of human life." Poor sleep affects
the body's physiological functions such as the endocrine
system, metabolism, and nervous system. The sleep dis-
order can occur in many forms, such as inadequate sleep,
alertness, or abnormal movements during sleep. In the
United States, about 70 million people have insomnia
symptoms.?

Recent studies suggest that sleep disorders can directly
cause hypersensitivity of the gastrointestinal tract, and
also sleep deprivation can increase the production of pro-
inflammatory cytokines. Several inflammatory cytokines
such as interleukin 1 (IL1), interleukin 6 (IL6), and tumor

*These authors have contributed equally to this work.

necrosis factor o (TNFa) play important roles in the sleep
and wake cycle, and these cytokines are elevated in some
inflammatory diseases such as irritable bowel syndrome
(IBS) and rheumatoid arthritis.

Irritable bowel syndrome is a common gastrointesti-
nal disease characterized by abdominal discomfort or
unacceptable pain. There are both mental and physi-
cal symptoms of this disease. Mental symptoms include
depression and anxiety and physical symptoms such as
bloating, gas, diarrhea, and constipation.® The prevalence
of IBS is approximately 7% to 20% all over the world.
The incidence of IBS is more common in the third and
fourth decades of life, which is higher in women than in
men.* Scientific reports show that women with IBS who
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have sleep disorders, develop abdominal pain, anxiety,
and fatigue the next day.®

Recent scientific investigations have shown that in
patients with IBS, sleep disturbance is associated with
gastrointestinal function. The results of a study that
examined sleep quality in people with IBS showed
that severe symptoms of IBS and sleep disorder are
related.® The conclusion of another study was that peo-
ple with IBS during the day have longer sleep but less
comfortable sleep and that they also experience more
waking periods.® It has been shown that microscopic
inflammation of the colon may play a key role in the
pathology of IBS. After IBS inflammation, the number
of lymphocyte cells increases. Sleep deprivation leads
to increased microscopic inflammation in the intestine,
and people with IBS or small intestinal bacterial over-
growth appear to be more likely to experience sleep dis-
turbance.” In previous studies, the association between
inflammation, oxidative stress, and antioxidants intake
in sleep quality and sleep duration was determined, and
results indicated that poor sleep increased C-reactive
protein levels, but in men, this relationship was not
established.®

The antioxidants decrease proinflammatory cytokines
and can improve the symptoms of IBS and then improve
the quality of sleep in these patients. One of the strong
antioxidants is ellagic acid (EA). Fruits such as pomegran-
ate and some nuts are rich sources of this polyphenol and
have this formula (4,4,5,5,6,6-hexahydroxidifenic acid
2,6,2,6-dilactone).® The results of the studies showed
several properties of EA such as the fight against oxi-
dants and reduce inflammation and apoptosis.'® In one
study, EA showed beneficial and effective effects against
oxidative stress in diabetic rats. Recent studies of EA
administration in animal models have reported protective
properties against Crohn's disease due to a decrease in
inflammatory proteins such as mitogen-activated protein
kinase and nuclear factor kappa-light-chain-enhancer of

MAIN POINTS

Sleep problems are related to inflammation and oxidative
stress in patients with inflammatory bowel syndrome.
Ellagic acid is an antioxidant and belongs to the group of
natural polyphenolic acids found in many foods such as
fruits, nuts, and plant extracts.

Supplementation with ellagic acid improved the quality of
sleep in IBS patients.

activated B cells (NF-kB).""2 Assessing the EA oral sup-
plement on sleep quality and gastrointestinal symptoms
in patients with IBS was the aim of this study.

MATERIALS AND METHODS

Study Participants

This randomized, double-blinded, placebo-controlled
clinical trial was done on 44 subjects, aged 19-60years
old. A total of 44 patients with IBS include both genders
with normal body mass index (BMI; 19-25 kg/m?) after a
clinical examination and gastroenterologist confirmation
were enrolled in the study. The patient’s selection in this
study was based on the diagnostic criteria of Rome II1."®
for digestive functional disorders and with sleep prob-
lems based on Pittsburg Sleep Quality Index (PSQI)."*
referring to a specialized hospital. The inclusion crite-
rion in this study was having a score of 5 or higher in this
questionnaire by the patient. Several studies conducted
in Iran have examined the validity and reliability of this
guestionnaire. Patients with a history of abdominal sur-
gery, gastrointestinal diseases such as celiac disease, as
well as pregnant and lactating women, and those who
have been taking supplements in the last 3 months were
not included in the study. Also having underlying ilinesses
like diabetes, severe psychiatric, and behavioral disorders
and usage of aspirin, warfarin, heparin, anti-inflammatory
drugs (including non-steroid, steroids, antihistamines,
and mast cell stabilizers), and using sleep medications
have been other exclusion criteria.

Randomization and Blinding

Individuals were randomly assigned to the intervention
group (n = 22) receiving EA supplements (180 mg) or pla-
cebo recipients (n = 22), who were admitted to the study
according to the inclusion criteria. The appearance of the
placebo capsule was like a supplement capsule and it had
starch powder (180 mg). The duration of this study was 8
weeks. During the study, people were excluded from the
study if they changed a diet or physical activity pattern.
The supplement was purchased from Supplement Spot
and the placebo was made by the School of Pharmacy.
The allocation sequence was blinded by using the table
of random numbers. The patients were divided into two
groups by randomized block allocation according to BMI.
In this study, the patient, researcher, and specialist phy-
sician were blind to supplements and placebo. Capsules
prepared by someone else outside the study in A and B
groups that were placed in the same package so that the
investigator would be unaware of the contents of the
capsules.
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The questionnaire that is used to assess the quality of
sleep and identify possible sleep disorders is called PSQI.
This questionnaire, with nine questions and seven sec-
tions, has a score of 0 to 21, usually examines the past
month, and scores above 5 indicate the presence of
sleep disorders.”® Also, the IBS severity score system
(IBSSS) was used for evaluating the IBS severity. IBS
severity score system consists of five parts, that covers
five clinically relevant items; (1) severity of abdominal pain,
(2) frequency of abdominal pain, (3) severity of abdomi-
nal distention or tightness, (4) dissatisfaction with bowel
habits, and (5) interference of IBS with life in general.
These items were assessed with 100-mm visual analog
scale, where 0 indicated no symptoms and 100 indicated
the worst symptoms.'® These mentioned questionnaires
were presented to the patients and completed at the
base and at the end of the study. Questionnaires were
introduced and explained by a specialist researcher for
patients. Anthropometric measurements, clinical his-
tory, demographic data of each individual were evaluated.
Anthropometric indicators including weight and height
were measured using digital scales and a stadiometer.
Three-day food recalls were used to assess dietary intake,
and the Nutritionist IV program (San Bruno, CA) modified
for Iranian food composition was used for estimating the
dietary intake of participants. Also, to evaluate the physi-
cal activity, we used the International Physical Activity
Questionnaire (IPAQ). Data from the IPAQ were con-
verted to metabolic equivalent minutes/week using exist-
ing guidelines."”

Sample Size Calculation

We used the MDA factor before and after the interven-
tion to determine the sample size, which was used in
Hosseini B et al. study (18). Therefore, if the mean and
standard deviation of the MDA before and after the sup-
plementation was 3/3 = 1 and 2/1 + 0/7, for each group
of 18 people was calculated. Considering the dropout in
participants during the study, 22 people were considered
for each group.

N = [(Z1-a/2 + Z1-p) 2 (SD12+SD2?)]/A?

Statistical Analysis

Statistical analyses were conducted using SPSS ver-
sion 20. All data were presented as mean + SD and were
checked for normality by the Kolmogorov-Smirnov test.
Due to the normal distribution of variables, the paired
sample t-test and the independent sample t-test were
applied to analyze differences in variables within and

between groups, respectively. The P < .05 was considered
statistically significant.

RESULTS

Atotal of 44 patients with IBS were recruited for the study.
Of the participants, one withdrew from the placebo group
for personal reasons, and finally, 43 patients completed
the study (Figure 1). Patient compliance in this study was
97.72%. The final analysis was done on the subjects who
finished the study. Table 1 presents the patient's demo-
graphic and baseline characteristics. Participants’ mean
age was 34.91 + 5.34 years. There was no significant dif-
ference in age between the two intervention and placebo
groups (34.55 + 4.93 vs. 35.29 + 5.84 years). Also, there
was no significant difference between the intervention
and the placebo groups in weight (63.67 + 7.91 vs. 63.48
+ 9.14), BMI (23.81 + 1.34 vs. 23.75 + 1.42 kg/m?), and
physical activity (37.53 + 2.76 vs. 36.21 + 2.91) factors at
the beginning of the study (P > .05; Table 1). Also at the
end of the study, no significant changes in BMI, weight,
and physical activity between the patients’ weight were
observed (Table 1). We did not receive any adverse effect
reports from patients about EA consumption in this study.
Table 2 shows the results of the survey of energy macro-
nutrients and some micronutrients intake in the subjects.
There was no significant difference between the groups in
terms of nutritional factors (P > .05). The data related to
sleep score and sleep subgroups score were summarized
in Table 3. At baseline, there was no significant differ-
ence between the groups in terms of overall sleep quality

Total patients
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Figure 1. Trial Profile and Design.
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Table 1. The Comparison of Baseline Characteristics of the
Participants

Mean + SD Mean + SD Ellagic
Characteristics  Placebo (n = 21) acid (n = 22) P1
Age (year) 35.29 +5.84 34.55+4.93 0.611
Weight (kg)
Baseline 63.48 +9.14 63.67 + 7.91 0.941
2 months 63.03 +8.45 63.66 + 7.81 0.799
Change
P2 0.843 0.903
BMI (kg/m?)
Baseline 23.75 +1.42 23.81+1.34 0.827
2 months 23.61+1.36 23.81+1.39 0.69
Change
P2 0.813 0.89
Physical activity
(met h/week)
Baseline 36.21 +2.91 3753 +2.76 0.136
2 months 36.72 + 3.03 38.20 +2.80 0.104
change
P2 0.603 0.189

Data are expressed as means + SD.

P1, Comparison of the mean of baseline characteristics between the two
groups of ellagic acid and placebo (independent samples t-test); P2, Com-
parison of mean of baseline characteristics in each group at baseline and end
of study (Paired samples t-test).

score and sleep subgroups score (PSQI (score): 9.01 +
2.35 vs 9.78 + 2.21 in placebo and intervention groups,
respectively, P > .05). After the EA supplementation, the
changes made in the sleep score (PSQI), sleep duration,
sleep latency, sleep efficiency, sleep disturbances, use of
sleep medications, daytime dysfunction, and the subjec-
tive sleep quality factors between the two groups were
significant (P < .05). According to Intergroup compari-
sons, the changes in sleep and sleep subgroups scores in
the placebo group at the end of the study were not sig-
nificant (P > .05). The effect of EA supplementation on
IBS severity score has been summarized in Table 4. Ellagic
acid consumption reduced abdominal pain and distention,
dissatisfaction with bowel habits, flatulence, and rum-
bling, and finally, the symptoms in the intervention group
after 2 months. Intake of EA decreased IBSSS score in the
intervention group and these changes were significant in
comparison with placebo group change (P <.05).

DISCUSSION
Irritable bowel syndrome is a common and costly com-
plication that can cause gastrointestinal disorders and

symptoms such as abdominal pain, altered bowel function,
and periods of constipation or diarrhea.’® Physiological
studies show that the disease is associated with physi-
ological factors such as depression and anxiety. In some
scientific studies, the association of physiological prob-
lems with IBS has been estimated at up to 60%. In addi-
tion to the physiological problems caused by IBS, they
also experience some degree of impairment of quality of
life. Scientific reports indicate that poor sleep quality with
gastrointestinal diseases is one of the major complaints of
people with diabetes IBS.® About 26% to 55% of people
with IBS also have some degree of sleep disorder.” Also,
the results of scientific investigations showed the role of
stress oxidative in sleep quality as well as the beneficial
effects of different antioxidants intake in patients with
sleep problems."

The effects of EA on sleep quality in people with IBS
were investigated in this scientific project. In this study,
180 mg of EA was received as a supplement in the inter-
vention group for 60 days. The supplement of EA sig-
nificantly increased the quality of sleep at the end of the
study. The high scores obtained at the beginning of the
study by the PSQI decreased significantly at the end of
the study. There are currently no comprehensive studies
on the effect of EA on sleep quality in patients with IBS.
However, several scientific projects have evaluated the
antioxidant functions on quality of sleep, including a case
study alleviating IBS symptoms with a high dose of vita-
min D (3000 IU / day)?° and also in an intervention study,
the use of Pearl vitamin D 50 000 IU for 8 weeks reduced
the delay in falling asleep and PSQI.2" In an animal study
by Alzoubi et al.,?2 sleep-deprived rats received vitamin E
as an important and potent antioxidant. After receiving
the supplement in the amount of 100 mg/kg, the antioxi-
dant factors such as glutathione (GSH), oxidized glutathi-
one (GSSG), and GSH/GSSG ratio, glutathione peroxidase
(GPx), and superoxide dismutase (SOD) were evaluated.
The results of this study showed the positive effect of
this antioxidant in increasing sleep quality and reducing
insomnia, which occurred mainly through increasing the
activity of antioxidant enzymes. In a clinical study con-
ducted by Mohammad Shahi et al.>' on vitamin D supple-
mentation on sleep quality in people aged 20 to 50 years
with sleep disorders, it was found that receiving this
antioxidant vitamin increases sleep quality and reduces
sleep disorders, especially sleep latency. In this inter-
ventional study, the supplement dose was 50 000-unit,
which was 1 weekly for 2 months. The researchers of this
study reported a significant decrease in the score of the
questionnaire in the intervention group compared to the
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Table 2. The Comparison of the Dietary Intake at the Baseline and the End of the Study in Patients With IBS

Mean + SD Mean + SD Ellagic Mean + SD Mean + SD Ellagic
Variables Placebo (n = 21) Acid (n = 22) P1 Variables Placebo (n = 21) Acid (n = 22) P1
Energy (kcal) P2 0.617 0.719
Baseline 1908.27 + 1961.31 £ 367.27 0.307 Polyunsaturated
380.67 Fatty acid (gr)
End 1890.49 + 1973.20 + 360.09 0.299 Baseline 22.09 +8.13 22.85+7.29 0.78
40119 End 21.19+6.12 21.01+4.18 0.803
P2 0.503 0.499 P2 0307 0243
Protein (g) Fiber (g)
Baseline 7434 +17.14 76.41 +19.02 0.314 Baseline 6.39 1 0.91 6.48 1 1.04 0.407
End 73.63 +16.97 76.88 +21.1 0.3 End 6.03 4204 6.714 217 0354
P2 0.407 0.48 P2 0207 021
Carbohydrate (g) Vitamin C (mg)
Baseline 24883 +41.93 254.67 +42.97 0.54 Baseline 68.09 + 17.09 69.47 1 13.27 0704
End 24552 + 41,53 256.21 + 431 0.492 End 66.28 & 47.11 68.27 + 9.67 0501
P2 0.607 0.643 P2 057 0,609
Fat (g Vitamin E (IU)
Baseline 71.47 +16.22 7214 +20.48 0.716 Baseline 6.39 + 0.11 6.79 + 0.27 0.405
End 68.55 + 37.01 71.31 +24.11 0.695 End 5.83 4 0.91 6.8404 0102
P2 0.291 0.382 P2 0311 0821
Saturated fatty leni
acids (g) Selenium
Baseline 19.27 +5 19.45 + 5.72 0.705 Baseline 119.47 +£29.12 120.08 + 21.14 0.457
End 1817+ 6.4 20.08 + 3.23 0.612 End 118.6 +27.13 119.13 + 23.04 0.263
P2 0.415 0.541 P2 0.302 0.451
M turated Data are expressed as means + SD.
?:n?tunsa'dura € P1, Comparison of the mean of dietary intake between the two groups of
atty acid (g) ellagic acid and placebo (independent samples t-test); P2, Comparison of
Baseline 2719+ 7.09 28.02 + 6.08 0.749 mean of baseline characteristics in each group at baseline and end of study
(Paired samples t-test)
End 26.11+5.03 28.91+6.11 0.546

placebo group. However, the study on resveratrol supple-
mentation and its effect on sleep quality had the oppo-
site effect. In this clinical study, no significant changes in
sleep quality were reported in people receiving antioxi-
dants in grapes. One of the weaknesses of the resveratrol
study was the recruitment of healthy individuals who may
have participated in the study without sleep disorders.?®

One of the scientific points of interest for researchers in
the field of sleep disorders is to investigate the role of
increasing inflammatory factors and indicators related
to oxidative stress in these patients.’® According to the
results, disturbing the hormonal balance caused by sleep
disorders can increase inflammatory factors such as
interleukins and TNFq, the induction of which will also

be due to increased cortisol and insulin.”® On the other
hand, the proper sleep cycle is reduced to less oxygen
due to the increase in the reactive oxygen species (ROS),
which increases inflammation in the central nervous sys-
tem can aggravate the condition of this defective cycle.
Increasing ROS causes the body to stress oxidative more
heavily than the body’'s antioxidants, in other words, the
body’'s antioxidants such as melatonin, which play an
essential role in promoting sleep and improving sleep
quality, decrease.?* This disturbance can cause damage to
lipids, proteins, and DNA.2 In the waking state due to high
metabolism in the brain system, the production of ROS is
increased, however, if there is also alack of antioxidants, it
can impair brain function and can lead to sleep disorders
orimpaired sleep quality. Taking antioxidant supplements
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Table 3. The Comparison of the Sleep Score and Sleep Subgroups Score Changes in the Study Groups at the Beginning and the End of
the Study

Variables Mean + SD Placebo (n = 21) Mean + SD Ellagic Acid (n = 22) P1

PSQI (score)
Baseline 9.01+2.35 9.78 + 2.21 0.145
End 8.69 +2.91 6.04 +1.83 0.036
P2 0.109 0.002

Sleep duration (hour)
Baseline 5.29 +1.36 5.78 +1.09 0.319
End 5.98 +2.04 7.03 +2.01 0.003
P2 0.206 0.017

Sleep latency (minute)
Baseline 49.88 + 38.99 51.09 +18.27 0.491
End 45.39 +15.17 30.09 +12.06 0.021
P2 0.317 0.002

Sleep efficiency (%)
Baseline 80.68 +19.07 81.27 +14.37 0.267
End 84.06 +14.29 89.41 +17.39 0.031
P2 0.108 0.017

Sleep disturbances (score)
Baseline 1.95 +0.31 1.99+0.42 0.33
End 1.65+0.8 0.98+0.2 0.027
P2 0.163 0.001

Use of sleep medications (time per week)
Baseline 2.65+0.84 2.36+0.9 0.142
End 2.01+0.19 0.94 +0.06 0.013
P2 0.186 0.01

Day time dysfunction (score)
Baseline 1.95 + 0.41 1.87 +0.27 0.44
End 1.37 +0.26 0.61+0.11 0.002
P2 0.19 0.001

Subjective sleep quality (score)
Baseline 1.89 +0.39 2.03+0.69 0.32
End 1.73 +0.21 119+ 0.43 0.039
P2 0.249 0.024

Data are expressed as means + SD.
P1, Comparison of the mean of sleep score and sleep subgroups score between the two groups of ellagic acid and placebo (independent samples t-test);
P2, Comparison of mean of baseline sleep score and sleep subgroups score changes in each group at baseline and end of study (paired samples t-test)

like EA can improve sleep quality by improving oxidative  of this metabolite produced due to the oxidation of cell
stress and neutralizing ROS.2° Malondialdehyde (MDA) is membrane fats in the nervous system with sleep quality
also one of the harmful metabolites that can be reduced has been reported.?® According to the results of scien-
by this polyphenol and shift the balance toward anti- tific projects, inflammation is increased in people with
oxidants. The inverse relationship between the amounts  sleep disorders, which increases systemic inflammation,
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Table 4. The Comparison of the Irritable Bowel Syndrome Severity
Score from Baseline to Endpoint Measures in Two Groups

Mean + SD Mean + SD
Placebo Ellagic
Characteristics (n=21) (n=22) P1
Abdominal pain
Baseline 47.09+9.04 4563+9.21 0.509
After 2 months 4569 +6.19 30.07+6.29 0.001
P2 0.412 0.017
Abdominal distention
Baseline 4423 +10.05 45.61+9.42 0.625
After 2 months 41.03+11.12 2854+7.71 0.001
P2 0.394 0.014
Dissatisfaction with
bowel habits
Baseline 39.47+11.9 37.93 + 0.401
10.32
After 2 months 37.02+835 2519+84 0.001
P2 0.213 0.012
Flatulence
Baseline 42.61+7.07 4175+591 042
After 2 months 41.03+919 255+572 0.001
P2 0.362 0.029
Rumbling
Baseline 4191+6.84 39.07+7.12 0.325
After 2 months 40.64 +7.46 23.58+504 0.001
P2 0.31 0.027
Overall
Baseline 40.062 +8.98 41.998 + 0.425
8.396
After 2 months 39.082+8.46 26,576 + 0.001
6.632
P2 0.309 0.001

P1, Comparison of the mean of irritable bowel syndrome symptoms between
two groups (independent samples t test); P2, Comparison of the mean of irri-
table bowel syndrome symptoms in each group at the baseline and end of the
study (paired samples t-test).

leading to decreased immune function. Finally, the rela-
tionship between the increase of inflammatory factors
and metabolites due to fatty acid oxidation has been
identified in scientific articles and it has been proven
that receiving antioxidants such as EA reduces the gene
expression of proinflammatory cytokines in the gastro-
intestinal tract and prevents disorders related to this
organ, balances oxidative stress and antioxidants, and
thus improves sleep quality.?” The results of our study

indicated that supplementation with EA, decreased the
IBS severity score, so that clinical symptoms, such as
abdominal pain, were significantly lower in these subjects
than before the study. In Abbasnezhad et al?° study,
supplementation with vitamin D (50 000 IU) leads to
improve quality of life and symptoms of IBS disease.
Considering the results of Mohammad Shahi et al.?' and
Abbasnezhad et al?° studies, it can be concluded that
this vitamin with antioxidant and anti-inflammatory
properties, helping to improve the digestive symptoms
in these people and reduce oxidative stress and increase
sleep quality.

Strengths and Limitations

One of the strengths of this study is that for the first time
the effect of the pure supplement of EA was investigated
in patients with IBS for assessing effects of it on quality
of sleep. Also, the design of this study was a double-blind
randomized clinical trial that had parallel groups, making
the results of this study remarkable. However, the pres-
ent study, like other clinical trials, had limitations such as
single dose, budget deficit, and lower factor measure-
ments. For obtaining a perfect picture of EA treatment,
it would be necessary to execute a randomized clinical
trial with a greater number of participants and different
doses of it. In conclusion, the results of our study indi-
cated that supplementation with EA, 180 mg/day for
8 weeks, in IBS patients, improved the quality of sleep,
and also decreased the IBSSS. These results provide evi-
dence to support the view that EA can play an important
role in enhancing the quality of sleep and life among IBS
patients. Nevertheless, further studies are needed to pro-
vide additional evidence.
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