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Abstract

Background and Objective: Constipation is more prevalent in obese population. Chronic constipation affects cognitive functions and
mood through different mode of actions. In this clinical trial, the effect of chronic constipation and oxidative stress was studied on
cognitive functions and mood in obese women and the impact of diet modification and fennel (Foeniculum vulgare) supplementation
onthem. Materials and Methods: One hundred and thirty women participated as volunteers, 55 obese women (group A) followed a low
caloric balanced diet accompanied by supplement made from whole wheat flour mixed with 10% fennel powder, 45 obese women
(group B) followed the same low caloric balanced diet only and 30 normal weight women (group C, control group) followed their own
regular diet without any alterations. Two tailed student t-test was used to compare the two groups. Correlation between the different
parameters was tested by Pearson test. p<0.05 were considered statistically significant. Results: Obese patients have higher incidence
of constipation, which in turn affects mood, cognitive function and antioxidant activity negatively. Conclusion: Using balanced low caloric
diet rich in fresh fruits and vegetables with fennel (Foeniculum vulgare) supplementation treated constipation and improved the
antioxidant status which was significantly correlated with improved cognitive function and mood.
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INTRODUCTION

Several studies reported that obesity and constipation are
directly correlated. Both can be a result or a cause of each
other. In a recent study the frequency of constipation was
assessed in 966 obese patients and was found to be
significantly higher compared to people with normal weights'.
Increased prevalence of constipation in obese children was
reported in a study involving children. Constipation was
reported in 21% of obese children comparing to 8.8% in lean
children?. Constipation was a consequence of delayed total
colonic transit time in obese children? Diet is a common
player for both: Constipation and obesity. A study found less
availability of serotonin in the colon of high fat diet-induced
obese rats and this was due to lower number of
enterochromic cells and can explain high-fat diet induced
constipation?.

High fat diet (HFD) is accused to be a main cause for
constipation, obesity and changes in the brain-gut axis*>.
/n vitro studies suggested apoptosis of rodent enteric
neurons in the presence of saturated fatty acids.

In obesity, enhanced upper intestinal motility and a
delayed distal small intestine and colonic motility is recorded,
this accelerated gastricemptying leads to increased feeling of
hunger with increased food consumption while the delayed
colonic motility lead to constipation, this could be both a
cause and consequence of obesity*°.

High saturated fat content in a diet affect pro- and
antioxidant balances in metabolic tissues. The HFD increase
systemic oxidative stress insults and imbalance between
oxidants derivatives production and antioxidants defenses®.

The incidence of mood changes, mainly depression and
anxiety is higher in chronic constipation and changes in
cognitive functions were also reported among chronic
constipated obese females’.

Several studies reported that co-morbidity of mood and
anxiety disorders in functional gastrointestinal disorder (FGD)
patients is higher than in the general population with rates up
to 50% or even more, depending on the population studied®”.

Obesity is characterized by chronic low grade
inflammation with permanently increased oxidative stress
(0S). Over-expression of oxidative stress damages cellular
structures together with under-production of anti-oxidant
mechanisms, leading to the development of obesity-related
complications. Moreover, increased protein oxidation and
impaired nuclear factor-like 2 (Nrf2) signaling is associated
with cognitive impairment'®. Oxidative stress has been
observed in patients with constipation, as well as in those
with colorectal cancer, cardiovascular disease and other
chronic illnesses associated with constipation'.
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Fennel seeds (Foeniculum vulgare) has been used
to treat constipation and improve antioxidant status since the
old Egyptian civilization'. Fennel is a rich source of dietary
fiber, numerous flavonoid, anti-oxidants like kaempferol and
quercetin and volatile essential oil compounds in addition to
minerals including copper, potassium, manganese, iron,
calcium, selenium, zinc and magnesium. The human body
uses many of these minerals as a cofactor for the important
antioxidant enzyme and superoxide dismutase'".

From the previous studies as mentioned above can see
strong interrelations between dietary pattern and obesity on
one hand and changes of gastrointestinal motility and its
consequences on the brain cognition and mood on the other
hand.

The aim of this study was to study the effect of chronic
constipation and oxidative stress on cognitive functions and
mood in obese women and the impact of diet modification
and fennel (Foeniculum vulgare) supplementation on them.

MATERIALS AND METHODS

They study was conducted through a project funded by
National Research Centre (NRC) Egypt, 2013-2016: Entitled"
Detecting Modifiable Risk factors for Cognitive function
impairment and Dementia among Obese middle age
Egyptians and studying dietary long term measures for
prevention".

Materials

Supplemental cookies: Group (A) followed balanced low
caloric diet in addition to supplemental cookies rich in fennel,
four cookies to be taken daily each cookie is 20 g.

Composition: Wheat grains (Giza 168) was purchased from
Wheat Research Department, Field Research Institute, Agric.
Res. Centre, Giza, Egypt. Fennel seeds were obtained from
local shop, Dokki, Egypt and milled to form powder. Skimmed
milk, flax seed oil and baking powder were purchased from
the local market, Dokki, Egypt.

Analyticalmethods: The supplement was prepared by mixing
the whole meal wheat flour (100% extraction) with fennel
seeds powder (Foeniculum vulgare) atthe levels of 10% with
other ingredients according to Table 1. About 14.7 mL of
dextrose solution (5.93%) and the suitable amount of water
were added to be formed as cookies each weighing 20 g.
Those supplement was baked in a special oven at 200°C for
about 15 min.
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Table 1: Formula composition of the cookies (g/100 g dry weight)

Raw materials Formula
Whole wheat flour 70
Fennel powder 10
Skimmed milk 10
Flax seed oil 5
Baking powder 5

Subjects: From 200 obese women visiting the nutrition
department at the NRC attending a nutritional program for
weight loss, 100 obese women were chosen, also 30 normal
weight women were included in this study after applying
exclusion criteria for joining this study. The participants
who were taking any form of antioxidant/multivitamin
supplementation or suffering from chronic illness, allergic
reactions, ulceration, co-infection and history of smoking,
infectious diseases or other major illnesses were excluded
from the study.

The study lasted for 8 weeks. All volunteers were from
the same social class and matched for health status,
environmental, educational and social factors.

Written informed consent was obtained from all the
subjects after they had been given a full explanation of the
study. The research was given ethical approval by National
Research Centre Ethics Committee.

The participants were divided into 3 groups, group (A):
55 women with mean age of 49.82£1.31 years and mean
body mass index (BMI) of 35.78+£0.81 kg m~2, group (B): 45
women with mean age of 48.21+1.58 years and mean BMI of
37.52%+0.78 kg m~2and group (C) Control group of 30 normal
weight women with BMI 25.00£0.6 kg m=2 and age
47.30%1.43 years were included. Group (A) followed a low
caloric balanced diet rich in fresh vegetables and fruits
(1000-1200K calories/day), accompanied by the supplemental
cookies, [four cookies were consumed/day: 2 with breakfast
(40 g) and 2 with dinner (40 g)] instead of baladi bread.
Group (B) followed the same low caloric balanced diet using
baladi bread that gave the same amount of calories as the
supplements. The control followed their own regular diet
without any alterations.

The following investigations were performed at the
beginning of the study (Basal visit) and after 8 weeks (Last
visit):

»  Full medical history and clinical examination

«  Anthropometric parameters: Relevant anthropometric
measurements were reported by Hiernaux and Tanner'.
Body mass index (BMI) was calculated (weight in
kg/height® in meter)

314

Dietary recalls: Data on dietary intake were performed
using the 24 h dietary intake recall and the mean of 3
successive days were taken. The total dietary intake was
analyzed using the computer program

Bowel activity and constipation evaluation sheet: This
was performed as one to one evaluation sheet based on
the following definition: Functional constipation (FC) is a
functional bowel disorder that presents as persistently
difficult, infrequent, or seemingly incomplete defecation
that does not fulfill irritable bowel syndrome (IBS) criteria.
Subjective and objective definitions of constipation
include straining, hard stools, unproductive calls (“want
to but cannot”), infrequent stools, or incomplete
evacuation, <3 bowel movements/week, daily stool
weight <35 g/day, or straining >25% of the time and
prolonged whole gut or colonic transit. Data were
recorded and put on a5 points scale, starting from 1=No
constipation till 5 with severe constipation

Cognitive and mental evaluation: Mini mental state
examination (MMSE) was performed for evaluation of
mental and cognitive status. The (MMSE) is a sensitive,
valid and reliable 30-point questionnaire that is used
extensivelyin clinical and research settings to measure
cognitive impairment. It is also used to estimate the
severity and progression of cognitive impairment and
to follow the course of cognitive changes in an
individual over time, thus making it an effective way to
document an individual's response to treatment.
Administration of the test takes between 5-10 min and
examines functions including registration, attention
and calculation, recall, language, commands and
orientation'™

Classification and scoring system: MMSE (mini mental
state examination): 22-25 = Cognitive functions
impairment, 26-28 = Normal cognitive functions and
29 = Excellent cognitive functions

Mood and general well being evaluation questionnaire:
A questionnaire designed to evaluate subjective mood
status was achieved through questioning: General
subjective life stresses, mood, general activity, exercising,
social activity, appetite, which were recorded and put on
a 5 points scale. Where 5 = Best mood and general well
being, 1 = Worst mood and general well being, 4, 3,2 are
the grades in between, the higher the grade the better
the mood

Blood sampling and biochemical analysis: Fasting blood
samples (12 hfasting) were drawn from all subjects in the
early morning before starting the regimen (basal sample)
and by the end of the study (last sample)
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Hemoglobin concentration was measured in fresh
samples using cyanomethaemoglobin method'®. Blood was
allowed to clot, centrifuged and sera were separated. Fasting
blood glucose (FBG) was determined on fresh sera using
glucose oxidase method'. The remaining sera were stored at
-70°C until used for determination of the other biochemical
parameters.

Fasting C-peptide level was measured by ELISA
method'® (Monobind Inc.,, Lake forest, CA 92630, USA).
According to Li et a/'% insulin resistance was expressed
by modified homeostasis model assessment-insulin
resistance (M. HOMA-IR), where M. HOMA-IR = 1.5+FBG
(mg dL7")Xfasting C-peptide (ng mL™")/2800, in which
insulin was replaced by C-peptide so as to be applied on
diabetic patients using exogenous insulin.

Quantitative determination of antioxidants including:

«  General glutathione (General GSH) concentrations in
the serum, were done using General Glutathione ELISA kit
supplied by Wuhan ElAab® Science Co. Ltd., East Lake
Hi-Tech Development Zone, Wuhan 430079, CHINA.
Catalog No: E9182Ge?.

«  Superoxide dismutase (SOD) level in the serum using
human superoxide dismutase 1 ELISA kit supplied by Bio
Vendor Laboratornimedicina, a, s. Karasek 1767/1,621 00
Brno, Czech Republic, Cat. No.: RLF-EKOT01R 21,

Statistical analysis: All values

Mean=SE, 2 tailed student t-test was used to compare

the 2 groups. Correlation between the different

parameters was tested by Pearson test p<0.05 were

were expressed as

RESULTS

Table 2 represent a comparison between obese patients
and non-obese control group regarding the variables under
study. All values were expressed as Mean=SE, two tailed
student t-test was used to compare the two groups. P-value
was significantin all variables under study. Cognitive functions
measured by (MMSE test), was less among obese patients,
constipation was higher among obese group, while
antioxidantactivity measured by the (GSHand SOD levels) was
higher among normal control, all showed highly significant
difference. A significant better mood was measured among
non-obese controls.

Table 3 comparison between the two groups of obese
patients group (A) those who followed balanced low caloric
dietand received fennel supplement and group (B) those who
followed balanced low caloric diet without supplementation.
All values were expressed as mean=SE, two tailed student
t-test was used to compare the two groups. Group A showed
betterimprovementin all variables, detected, either by higher
significance p-value or as greater numerical changes. The
improvement in cognitive function (MMSE) was larger in
group A compared to the improvement in group B. As for
mood improvement was higheringroup A, the difference was
numerical where group A changed from mean value 2.6£0.3
t03.34£0.2: change =0.76, while change in group B was from
2.5+0.2t02.91%0.1: change = 0.41. As for constipation both
groups showed highly significant improvement but a
numerical difference can be detected: In group A change
was from 4.2to 2.3:change = 1.9, while group B mean value
changed from 4.3 to 2.8: change = 1.5. As for SOD: Superoxide
dismutase, a significant improvement was detected in
group A, but no significant change in group B. As for General

considered statistically significant. SPSS window software ~ GSH: General glutathione both showed significant
version 17.0 (SPSS Inc, Chicago, IL, USA, 2008) was used. improvement.
Table 2: Compare variables between obese and non-obese population at base line (before intervention)

Mean=£SE
Variables Obese patients (No = 100) Non-obese control (No = 30) p-value
BMI (kg m™2) 36.14%+0.79 25.0%0.60 0.001
MMSE 26.38+0.52 28.871+0.32 0.001
Constipation 4.1%0.092 1.50%+0.08 0.001
Mood 2.5610.081 3.60£0.05 0.005
Hemoglobin (g dL™") 12.08+0.21 13.01£0.02 0.001
FBG (mg dL™") 118.03+6.93 75.03£3.36 0.001
C-peptide (hg mL™") 2431023 1.11£0.21 0.001
M. HOMA-IR 1.61£0.11 1.53%0.05 0.03
SOD (hg mL™") 0.39£0.02 0.49%0.05 0.001
General GSH (ng mL™") 10.99+0.39 13.89+0.54 0.001

BMI: Body mass index, MMSE: Mini mental state examination, FBG: Fasting blood glucose, M. HOMA-IR: Modified homeostatic model assessment of insulin resistance,
SOD: Superoxide dismutase and General GSH: General glutathione, p<0.05 is considered statistically significant
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Table 3: Mean = SE of cognitive function, constipation, biochemical variables and antioxidant enzymes of the two obese groups before and after dietary intervention

Group (A) (No = 55)

Group (B) (No = 45)

Variables Basal Last p-value Basal Last p-value
BMI (kg m=) 35.78+0.81 34.70%+0.78 0.001 37.52+0.78 36.34+0.74 0.001
MMSE 26.41+0.45 28.20+0.56 0.001 26.23£0.32 27.46£0.61 0.005
Mood 26+03 3.34%0.2 0.001 25+0.2 291%0.1 0.001
Constipation 42%0.22 2.3%0.01 0.001 43%0.1 2.8+0.023 0.001
FBG (mg dL™) 110.09£5.26 90.44£2.30 0.001 125.96+8.66 106.41£4.51 0.004
C-peptide (hg mL™") 242%0.18 1.90%+0.16 0.003 245%0.28 2.13%0.23 0.007
M.HOMA-IR 1.60%0.01 1.56%+0.01 0.001 1.63+0.03 1.59%+0.02 0.003
SOD (ng mL™") 0.399£0.025 0.499+£0.054 0.005 0.416£0.039 0.424£0.039 0.748
General GSH (ng mL™) 10.218%£0.551 12.038£0.647 0.001 11.898+£0.848 13.667+0.878 0.001

BMI: Body mass index, MMSE: Mini mental state examination, FBG: Fasting blood glucose, M. HOMA-IR: Modified homeostatic model assessment of insulin resistance,
SOD: Superoxide dismutase, General GSH: General Glutathione. p<0.05 is considered statistically significant

Table 4: Pearson correlation between different variables after intervention

BMI SOD General GSH

Variables MMSE Constipation Mood M.HOMA-IR (kg m) (ng mL™") (ng mL™")
MMSE - -0.658** 0.545** -0.701** -0.541%* 0.370 0.372*
Mood 0.545%* -0.631** - NS 0.788** 0.342* 0.388*
Constipation -0.658%* - -0.631%* 0.329*% 0.643%* -0.335 -0.321%
M.HOMA-IR -0.701** 0.329*% NS - 0.329* -0.365 -0.345%

BMI (kg m~?) -0.541%* 0.643** 0.788** 0.329* -- -0.381* -0.341*
SOD(ng mL™") 0.370* -0.335* 0.342* -0.365* -0.381* - 0.332*
General GSH (ng mL™") 0.372* -0.321% 0.388* -0.345% -0.341% 0.332*% -

Numbers presented in this table are the value of r = correlation coefficient, *Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.001 level

Table 4 correlation between different parameters was
tested by Pearson test. Inverse correlation was detected
between constipation on one hand and cognitive functions
and mood on the other hand and this was highly significant.
Constipation and antioxidant activity (both SOD and GSH)
were also significantly inversely correlated. Direct significant
correlation was seen between cognitive functions and mood.

DISCUSSION

It is important to mention that patients used to
consume a very high fat content diet with caloric intake over
3000 calories/day.

As seenin Table 2 obese patients had significantly higher
constipation rate, mean value of 4.1£0.092 versus mean value
of 1.50£0.08, p-value was at 0.001 level. This was associated
with bad mood, lower cognitive functions, more insulin
resistance and less antioxidant activity as seen significant
(p<0.05) values in the obese group.

Previous studies reported that constipation does not
necessarily cause people to gain weight, but there are some
factors which play a key role in constipation and may also
contribute significantly to weight gain. This included high
consumption of saturated fats, starches and sugars and less
fresh fruits and vegetables and this leads to colonic lethargy,
constipation and finally obesity. The low activity of the obese
also induces constipation. The longer food remains in the
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colon the more nutriment and fluid are absorbed, leading to
weight gain. There is no enzyme in the human subject which
digests cellulose, but it has been shown that bacteria in the
colon have the ability to convert cellulose into sugar in case of
constipation leading to more energy production and finally
obesity. Purgatives tend to reduce weight through hurrying
the food through the small and large intestines before
complete absorption of the nutritive material takes place'?%,

It is also seen that obese patients have lower levels of
superoxide dismutase (SOD) and General Glutathione
(General GSH), indicating lower antioxidant activity?®. On the
other hand, FBG, C-peptide and M.HOMA-IR levels were
significantly (p<0.05) higher in obese patients compared to
normal weight women. The relation between obesity and
impaired cognitive functions were reported in several previous
studies. In human clinical studies, obesity has been shown to
increase the risk of the development of mild cognitive
impairment, in the form of short-term memory and executive
function deficits, as well as dementia and Alzheimer's disease.
Obesity is associated with not only an increased risk of
development of mild cognitive impairment, but additionally,
late-life dementia and Alzheimer's disease?*.

Comparison between the 2 groups of obese patients,
group (A) those who followed balanced low caloric diet and
received fennel supplement and group (B) those who
followed balanced low caloric diet without supplementation
was shown in Table 3. After the intervention a significant
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improvement in bowel habits is recorded as regular bowel
habits and significant decrease in the number of patients
suffering from constipation (p<0.001). This improvement in
constipation was greater in group A which had the fennel
supplement.Mean value changed from4.21+0.22t02.3%0.01
while group B mean constipation values changed from
43%+0.1102.8£0.023.

The improvement in all variables is greater in group A
versus group B showing the importance of fennel
supplementation, explained by the fennel components and
effects. The dietary fiber content of fennel improves satiety,
decreases caloric intake and promotes weight loss. Dietary
fiber absorbs good amount of water thereby expanding the
stomach and inducing feeling satisfaction. The fennel
supplement was used to help reduce constipation and also for
its antioxidant content. Fennel seeds contain numerous
flavonoid anti-oxidants like kaempferol and quercetin'>3,

Microbiota is suggested to be the key answer to the
changes seen in our patients, triggered by the diet
modification and fennel supplementation. Diet affect
microbiota which affects gut permeability and motility, toxic
material and cytokines leaks to the blood and reaches the
brain through the gut-brain axis, this in turn affects cognitive
function and mood leading to anxiety and depression. This
study suggested that treating constipation through diet and
fennel, may improve mood and cognitive functions and
oxidative activity, this was supported by other studies in the
field?26,

Several studies related cognitive functions to
constipation, a study on constipated population reported that
approximately 77.54% of constipated samples experienced
cognitive impairment?’,

Other studies confirmed our results, they showed that
constipated patients had higher psychological distress than
healthy subjects, among all psychological disorders
depression, anxiety and pain disorders were the most
prevalent?2,

Table 4 correlation between different parameters was
tested by Pearson test. Inverse correlation was detected
between constipation on one hand and cognitive functions
and mood on the other hand and this was highly significant.
This result is very important since it confirms the importance
of constipation on both mood and cognitive functions. Most
probably mediated by microbiota and toxins leak to the blood.
Constipation and antioxidant activity (both SOD and GSH)
were also significantly (p<0.05) inversely correlated. This
means that more constipation decrease the antioxidant
activity of the body by consuming more antioxidants to
overcome the increased leak of toxins into the blood asa
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consequence of constipation. Direct significant correlation
was seen between cognitive functions and mood. Inverse
correlation was detected between cognitive functions and
M.HOMA-IR and BMI.

When the degree of constipation increase, the cognitive
function and mood decline. P value for correlation was at
0.001 level. The antioxidant status was also inversely
correlated to constipation, when constipation increase the
antioxidantlevel decrease. In chronic constipation more toxins
are absorbed to the circulation reaching the brain and
affecting mood and cognitive function, also consuming the
antioxidants (SOD and GSH ) leading to their decline.
Confirming our results in Table 4, a previous study reported
that, anxiety and depression have a prevalence rate of 34.6
and 23.5% in patients with chronic constipation. These results
can be compared with the prevalence of common psychiatric
disorders in the general population, showed that mood and
anxiety disorders have a prevalence rate of 4.35 and 8.31%,
respectively in general population. Therefore, it is clear that
constipated patients have a higher rate of both mood and
cognitive disorders compared to general population3%32,

Several epidemiological studies in elderly subjects have
found links between diet and cognitive function3. Similar
diet-related changes in cognitive flexibility have been found
in mice fed either a high sucrose or high fat diet, possibly
secondary to a shiftin gut microbiota composition.In women,
higher "vegetables-fruits" pattern score was associated with
reduced risk of cognitive impairment.

The pathogenesis of age-related diseases, including
cognitive impairment and Alzheimer disease (AD), are
oxidative stress, inflammation and vascular risk factors,
which are mechanisms that can be treated with nutritional
intervention and good dietary patterns such as the
Mediterranean diet abundant in antioxidants and
mono-unsaturated fatty acids (MUFAs)3*37.,

The antioxidant enzymes produced within our bodies are
complex proteins that often use minerals such as selenium or
zinc in their intricate structures. These antioxidant enzymes
serve as the body’s most potent defense against free radicals
and controlling inflammatory reactions. They include
glutathione peroxidase, catalase and superoxide dismutase
(SOD) which is the most important internally generated
antioxidant. Studies have shown that SOD can play a critical
role in reducing internal inflammation which can reduce
chronicillness resulting from chronic low grade inflammation
including obesity and dementia®3°,

The antioxidant value, measured by Glutathione and
SOD serum level has increased after intervention and
treating constipation and this was accompanied by better
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mood and cognitive functions. This may raise the issue of
using diet and nutritional supplements to enhance the
antioxidant activity in the body which in turn improve
cognitive functions and mood.

CONCLUSION

Itis concluded that obese patients have higherincidence
of constipation, which in turn increase the oxidative stress in
the body that is reflected on mood and cognitive function
Using balanced low caloric diet rich in fresh fruits and
vegetables with fennel supplementation cure constipation
and improve the antioxidant activity and this was correlated
to improved cognitive function and enhanced mood.

SIGNIFICANCE STATEMENTS

This study spot light on the hazards of chronic
constipation and its impact on oxidative stress in the body,
both were inversely correlated to cognitive functions and
contributed to bad mood. Balanced diet rich in fresh
vegetables and fruits with fennel supplementation cured
constipation and improved the antioxidant status of the body.
The study is a good contribution to improve and maintain
good cognitive functions and mood among middle age obese
women by treating chronic constipation with diet and fennel
supplementation.
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