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Abstract
Irritable bowel syndrome (IBS) is a well diagnosed disease, thoroughly attributed to series of symptoms criteria that
embrace a broad range of abdominal complainers. Such criteria help to diagnosis the disease and can guide con-
trolled clinical trials to seek new therapeutic agents. Accordingly, a verity of mechanisms and pathophysiological
conditions including inflammation, oxidative stress, lipid peroxidation and different life styles are involved in IBS.
Predictably, diverse therapeutic approaches are available and prescribed by clinicians due to major manifestations
(i.e., diarrhea-predominance, constipation-predominance, abdominal pain and visceral hypersensitivity), psychological
disturbances, and patient preferences between herbal treatments versus pharmacological therapies, dietary or micro-
biological approaches. Herein, we gathered the latest scientific data between 1973 and 2019 from databases such as
PubMed, Google Scholar, Scopus and Cochrane library on relevant studies concerning beneficial effects of herbal
treatments for IBS, in particular polyphenols. This is concluded that polyphenols might be applicable for preventing
IBS and improving the IBS symptoms, mainly through suppressing the inflammatory signaling pathways, which
nowadays are known as novel platform for the IBS management.
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Introduction

Irritable bowel syndrome (IBS)

Pathophysiology & etiology

IBS is a common chronic functional disorder, related to the
gastrointestinal system that being categorized as IBS-D with
predominantly diarrhea, IBS-C with constipation, or IBS-M
that includes both. The most distressing symptoms of the dis-
ease include fibromyalgia, chronic pelvic pain, and the inter-
stitial cystitis [1, 2], abdominal pain, straining, myalgias, flat-
ulence, frequency, borborygmi, stool form, mucus, urgency,
bloating and feelings of serious illness and incomplete evacu-
ation [3, 4], In addition, the IBS symptomsmay transit to other
complexes of the gastrointestinal symptoms, such as function-
al dyspepsia [2].

Since no definitive biomarkers have been found, IBS is
often diagnosed clinically. Concerning IBS diagnosis and to
reduce the risk of unnecessary surgeries, “Manning”
established the first set of formal standardized criteria, need-
less to exclude other diagnoses. Later, these criteria were im-
proved by expert consensus to create the “Rome criteria” [5].
Most studies utilize either the “Rome II” or “Rome III”
criteria, although it has been demonstrated that the “Rome
criteria” are only appropriate for clinical trials and not for
clinical practices. Other clinical findings such as bloating
and psychological stress are regularly used by clinicians in
diagnosing IBS [6, 7]. The maximum achievable sensitivity
from these criteria (positive diagnosis) ranges from 0.4 to 0.9
[8], with warning signs such as anemia, weight loss, and rectal
bleeding [9].

Epidemiology of IBS

IBS is more prevalent in Europe, North and south America;
with an average prevalence between 10 and 25% [10]. Data
from meta-analysis showed a pooled estimation of interna-
tional IBS prevalence of 11.2%, with variation by geographic
region. The lowest presentation was recorded in South Asia
(7.0%), while the highest incidence was found in South
America (21%) [11, 12]. By another mean,” stigma” is a sig-
nificant method for diagnosing the IBS symptoms [13, 14].
Obviously, greater stigma causes lower prevalence. Those
communities in which a higher stress is perceived or the qual-
ity of life (QOL) is lower, a potential of higher prevalence is
presumed [15–18].

Current treatments of IBS & their adverse effects

Although there’s no definite cure for IBS yet, many medica-
tions coexist and have been proven favorable to improve
symptoms in all IBS subtypes including; Alosetron (5-HT3–

receptor antagonist/5-hydroxytryptamine (Serotonin) receptor
antagonist [2] and loperamide, to improve overall symptoms
such as abdominal pain, urgency, borborgymi, frequency and
stool form [4, 19, 20]. Viberzi (eluxadoline); as a controlling
drug, affecting the opioid receptors in digestive system that
helps to mitigate the symptoms of abdominal pain and diar-
rhea in IBS patients [21]. Another group includes Prokinetics,
which used for constipation improvement, such as Tegaserod
(5-hydroxytryptamine4 (5-HT4)– receptor agonist) [21]. Fiber
supplements such as polyethylene glycol 3350, Lactulose [4],
Ispaghula husk [22], psyllium and bran [23] are also used for
IBS improvement. Tricyclic antidepressants (TCAs) effect on
neurotransmitter acetylcholine and are more beneficial for
IBS-D, while both selective serotonin reuptake inhibitors
(SSRIs) and serotonin–norepinephrine reuptake inhibitors
(SNRIs) are the best choices for controlling the IBS-C symp-
toms [24, 25].

The antispasmodic drugs (smooth muscles relaxants) such
as Dicyclomine and Hyoscamine are medications profitable to
relieve the abdominal pain in IBS patients via relaxing the gut
smooth muscle [26], however, they can cause constipation.
The antibiotic Rifaximin manages the non-constipation IBS
by improving bloating and diarrhea [27]. The anticonvulsants
Gabapentin and Pregabalin are also applicable for chronic
neuphropatic pain. Pregabalin showed clinical efficacy in re-
ducing pain in IBS condition and Fibromyalgia [28–30].
Though, the adverse effects are rare in case of IBS medica-
tions, but there are some reports indicating nausea, diarrhea,
headache, abdominal pain, discomfort, cardiovascular ische-
mia (rare), constipation, ischemic colitis (rare), dry mouth and
bad taste, dizziness, weight gain, sexual dysfunction, sedation,
insomnia, sweating, withdrawal symptoms and somnolence
[31–35]. The best available herbal treatments for IBS include
natural polyphenolic products extracted from Perilla
frutescens, Aloe vera, Mentha piperita, Cynara scolymus,
Acacia catechu, Camellia sinensis and polyphenol com-
pounds such as isoflavones baicalin, anthocyanins and quer-
cetin. Such natural polyphenolic products possess numerous
anti-inflammatory and anti-oxidant effects, which help to im-
prove the IBS symptoms and the QOL scores in the IBS pa-
tients [26, 36–45].

Aim and objectives

The present study investigated the effects of plant-derived
dietary polyphenols (i.e. anthocyanins, flavonoids, stilbenes,
lignans, phenolic acids), able to downregulate the cellular in-
flammatory signaling pathways and cytokines. In addition, it
is well documented that as antioxidants, polyphenols could
protect the cell constituents against oxidative damage, there-
fore, are capable of limiting the risk of various degenerative
diseases associated with oxidative stress [46] and can improve
the IBS symptoms.
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Method

All relevant clinical, in vitro and in vivo papers, in English,
with keywords such as ‘IBS’ or ‘Irritable bowel syndrome’ or
‘Colon inflammation’ or ‘oxidative stress’ or ‘Gastroentric
disorders’ ‘polyphenols’ and ‘phenolic compounds’ were col-
lected between 1973–May 2019 from PubMed, Google
Scholar, Scopus and Cochrane library.

Polyphenols and human diseases

Polyphenol compounds are secondary metabolites of plants,
found in a different fruits, vegetables, beverages, and cereals.
Polyphenols are primarily existed in conjugated formwith one
or more saccharide group/s (monosaccharides or polysaccha-
rides), often bound to the hydroxyl groups or sometimes di-
rectly are linked to an aromatic carbon. The compounds are
frequently linked with other compounds, like carboxylic and
organic acids, amines, lipids and with other phenols [4].

Polyphenols may be categorized into different sub-
groups, based on the number of phenol rings in their struc-
tures and the intermediates that link these rings together.
The main subclasses of polyphenols are consisted of pheno-
lic acids, flavonoids (flavonols, flavones, flavanones, an-
thocyanins, isoflavones, stilbenes, lignans), and tannins
(hydrolyzable and condensed tannins) [47]. Phenolic acids
are widely found in foodstuffs and classified as compounds
derived from either benzoic acid (hydrolyzable tannins such
as gallotannins) or cinamic acid (p-coumaric, caffeic, ferulic
and sinapic acids, chlorogenic acid). Flavonoids represent
the most studied group of polyphenols, with a variety of
about 4000 compounds. Flavonoids share a common basic
structure with two aromatic rings linked by three carbon
atoms; creating an oxygenated heterocycle. Considering
the variation of heterocycle involved, flavonoids are char-
acterized as six subsets. Individual differences within each
group, arise from the variation in the number and arrange-
ment of the hydroxyl groups. The extent of alkylation and/
or glycosylation indicates the individual differences within
each group [48]. Consumption of antioxidants has been as-
sociated with reduced levels of oxidative damage to lym-
phocytic DNA. Similar observations have been made with
polyphenol-rich food and beverages, indicating the protec-
tive effects of polyphenols [49–51]. There are increasing
evidence that as antioxidants, polyphenols may protect cell
constituents against oxidative damage and, therefore, are
able to limit the risk of various degenerative diseases asso-
ciated with oxidative stress [50–54]. Overall, polyphenols
could act as cardioprotective, anticancer, antidiabetic, anti-
aging, and neuro-protective agents, also may be propitious
for the gastrointestinal disorders such as IBS [50].

IBS inflammatory and oxidative mechanism

In IBS state, the serum concentrations of pro-inflammatory
cytokines (i.e. tumor necrosis factor alpha (TNF-α) and
interleukin-17 (IL-17)) increases, while the serum level of
anti-inflammatory cytokines (i.e. IL-10) drops drastically. It
was shown that IL-17 is a key factor in the pathogenesis of
gut inflammation, through the activation of nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-κB),
mitogen-activated protein kinase MAP kinase (MAPK) and
toll like receptors (TLRs) in the intestinal subepithelial
myofibroblasts. Innate TLR-mediated immune system may
be activated in patients with IBS. Due to the stimulation of
lipopolysaccharides (LPS) via TLR4, they are widely used as
ligands, indicating the TLRs consequential roles in IBS. It also
increases the pro-inflammatory cytokines such as IL-1β, IL-6,
IL-8 and TNF-α in IBS patients, especially in IBS-D and post-
infectious IBS (PI-IBS) patients. In vitro studies also showed
that the anti-inflammatory cytokine IL-10 decreases in IBS
patients. TLRs were found to be activated in animal models
with stress exposure, also stress may induce the systemic and
intestinal TLR activation, yet its functions in the pathogenesis
of IBS remains questionable [52, 53].

It was reported that in various tissues, IL-17 mediates the
inflammatory responses and induces a number of genes asso-
ciated with inflammation such as IL-8 and IL-6 [4, 23, 55, 56].
Clinical trials also demonstrated that the plasma levels of
TNFα, IL-1β, IL-6 and IL-8 were higher in IBS patients than
in controls [49], while the serum level of IL-10 was signifi-
cantly lower [54]. Inflammation and the immune activation
play undeniable roles in IBS pathogenesis, which initiate the
onset of gastrointestinal (GI) symptoms [57]. Generally, the
IBS symptoms are associated with gut dysfunction, visceral
hypersensitivity and, in some cases with epithelial dysfunction
[58]. In between, visceral hypersensitivity is the main cause of
chronic pain and discomfort in IBS patients [57, 59]. There is
a significant correlation between the serum levels of cytokines
(i.e. TNF-α, IL-17 and IL-10), and the intensity of clinical
symptoms such as abdominal pain, dissatisfaction with bowel
habits, overall GI symptoms, and the IBS Severity Scoring
System (IBS-SSS). In addition, the serum levels of TNF-α
and IL-1β were significantly correlated with self-reported
symptoms of pain frequency and intensity in IBS patients
[60]. Taking together, there is a significant correlation be-
tween the inflammatory cytokines and the QOL in IBS pa-
tients. Low levels of TNFα and IL-17 in serum showed a
positive correlation with higher QOL, whereas the low level
of IL-10 significantly associated with lower IBS-QOL [45, 61,
62]. QOL is an important factor for IBS patients, which req-
uisites specific treatment and monitoring. Moreover, in IBS
patients, the serum level of malondialdehyde (MDA) in-
creases, while the amount of total antioxidant capacity
(TAC) drops. It is well accepted that the oxidative stress and
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inflammation are inevitably linked, forming a two-way circuit.
The immune cells activation and infiltration, can generate re-
active oxygen species (ROS) [45, 50, 57, 63], which enhance
the expression of inflammatory cytokines such as IL-1β and
TNFα [64]. In a trial with 36 IBS patients, the plasma levels of
MDA and nitric oxide (NO), and the plasma activities of ox-
idants such as xanthine oxidase and adenosine deaminase el-
evated, whereas the levels of antioxidant enzymes such as
superoxide dismutase, catalase and glutathione peroxidase
(GPx) alleviated [64]. This can clearly indicate the significant
associations between the inflammatory cytokines, the intensi-
ty of symptoms, and the QOL [45].

Evidence on effectiveness of plants enriched
by polyphenol compounds on IBS

Aloe vera

Aloe vera (Asphodelaceae) is a herb used for a variety of
diagnosis in traditional medicine [65, 66] (Tables 1 and 2,
Fig. 1). The latex and gel are extracted from the leaf of
A. vera and are rich in polyphenolic compounds such as aloin,
aloe-emodin, aloesin, 2’-O-feruloylaloesin, aloeresin A,
barbaloin, isobarbaloin, aloenin, aloe-emodin, 8-C-glucosyl-
7-O-methyl-(S)-aloesol, isoaloeresin D and aloeresin E. The
gel is mostly used for treatment of IBS [57, 73, 76]. The plant
is remarkably credited for its hepato-protective, anti-
inflammatory [77, 78], and anti-ulcerative [57, 79] effects. In
addition, A. vera reduces cardiovascular risk factors [80, 81]
and diabetes [82], besides is reported to be beneficial in areas
of dermatology [76, 83, 84]. The anti-inflammatory effects of
A. vera could be favorable on symptoms of IBS by reducing
the gut hypersensitivity [85]. A. vera is commonly used as a
strong laxative and improves the gastrointestinal motility [86].

Data from clinical trials highlighted remarkable alterations
in the IBS symptom scores, prior and post treatment with
A. vera polyphenolic extracts [65, 87, 88]. Meta-analysis of
randomized clinical trials showed that there is a significant
difference in A. vera treated group compared with the placebo
in terms of improving the IBS symptoms, and the QOL scores,
however, no sign of heterogeneity was observed [65, 82, 87,
88]. It was shown that in short-term treatment for 1 month,
A. vera caused a meaningful improvement of the IBS symp-
toms, and the QOL scores, nevertheless, the long-term treat-
ment over 3 months was not effective. Another meta-analysis
reported a high response rate in A. vera group in comparison
with the placebo group, there was no heterogeneity and ad-
verse events between studies [65, 84, 87, 88]. Following 1-
months treatment, the differences in nausea and vomiting
groups were not meaningful, similar to the other examina-
tions, the IBS score of QOL was improved in treated groups.
Following 3-months treatment, there were significant changes
in recovery of pain score, proportion of days with pain, pro-
portion with distension in the past weeks, bowel habit satis-
faction and interference with the QOL scores; although, the
treatment was ineffective in subjects diagnosed with constipa-
tion. In patients with diarrhea or constipation, significant im-
provement of the IBS scores such as the proportion of days
with pain and bowel habit satisfaction, was monitored.
Following a month, 43% of patients in the A. vera treated
group responded to the treatment, although, by 3 months, this
number increased to 45%. Of note, there was a continued
amelioration of the IBS and pain scores [76, 85].

A great number of active constituents have been isolated
from A. vera, of which the majority shown precious therapeu-
tic implications towards the prevention and treatment of dis-
eases through manipulation of various biological and genetic
activities [65, 86–90]. The A. vera polyphenols also act as
antioxidants, through scavenging free– and superoxide- radi-
cals, also via their anti-inflammatory properties by inhibiting
the prostaglandin E2 (PGE2) production, downregulating the
various transcription factors, and suppressing the activities of
lipoxygenase (LOX) and cyclooxygenase (COX) enzymes,
leading to the IBS symptoms management [89, 90].
Moreover, A. vera has shown positive antimicrobial activity,
mainly by rupturing bacterial cell walls [87–90].

Antimicrobial activity

The polyphenolic components of A. vera shown to have rele-
vant antibacterial and antifungal activities [87, 88, 91]. At
high concentrations (1/10), A. vera inhibited the growth of
Staphylococcus aureus, while at moderate concentrations the
growth of Escherichia coli, Pseudomonas aeruginosa, and
Salmonella typhi were inhibited [76, 92]. It was also demon-
strated that A. vera is active against both gram- positive and -
negative bacteria [89, 90, 93]. In contrast, it was reported that

Table 1 Plants enriched by polyphenol compounds to manage IBS

Polyphenol name Plant/ Part

Aloe vera extracts Latex and gel extracts

Peppermint extracts Mentha piperita

Olive extracts Olea europaea

asca-feoilquinic acid and flavonoids Cynara scolymus (Artichoke)

luteolin Perilla frutescens

Catechins/ EGCG Camelia sinesis

Catechins/ EGCG Acacia catechu

Trans-Resveratrol red grapes/red berries

Turmeric(Curcuminoids) Curcuma longa

Isoflavones Glycine max

Baicalin Scutellaria baicalensis Georgi

Anthocyanins Plants flavonoids

Quercetin Plants flavonol metabolite

DARU J Pharm Sci (2019) 27:755–780758



Ta
bl
e
2

C
lin

ic
al
st
ud
ie
s
on

be
ne
fi
ci
al
ef
fe
ct
s
of

po
ly
ph
en
ol
s
fo
r
th
e
pr
ev
en
tio

n
an
d
tr
ea
tm

en
to

f
IB
S

Pr
ep
ar
at
io
ns
/R
ou
te
s
of

ad
m
in
is
tr
at
io
n
tr
ea
tm

en
t&

co
nt
ro
lg

ro
up
s

St
ud
y
de
si
gn

(c
lin

ic
al
tr
ia
ls
)

D
is
ea
se

(M
od
el
of

IB
S)

N
o.
of

Pa
tie
nt
s

T
re
at
m
en
t

du
ra
tio

n
R
es
ul
ts

A
dv
er
se

ef
fe
ct
s

R
ef
er
en
ce
s

2
co
lp
er
m
in

ca
ps
ul
es

3
tim

es
a

da
y
co
ns
is
te
d
of

18
7
m
g
of

pe
pp
er
m
in
to

il
in

a
pH

-d
ep
en
de
nt
,

en
te
ri
c-
co
at
ed
,h
ar
d
ge
la
tin

ca
ps
ul
e
m
an
uf
ac
tu
re
d
by

T
ill
ot
ts
of

Sw
itz
er
la
nd

do
sa
ge

0.
2
m
L
or

0.
1
m
L
3

tim
es

da
ily

an
d
pl
ac
eb
o

(a
ra
ch
is
oi
l)

C
lin

ic
al
tr
ia
l

M
an
ni
ng

or
R
om

e
cr
ite
ri
a
of

IB
S

O
ne
-t
ab
le
tg

ro
up

=
10
2

Tw
o-
ta
bl
et
s
gr
ou
p
=
10
5

2
w
ee
ks

1-
ab
do
m
in
al
pa
in

↓
2-
Pe
pp
er
m
in
to

il
bl
oc
ks

C
a2
+

ch
an
ne
ls
an
d
re
du
ce
s

co
lo
ni
c
sp
as
m
s
an
d

as
so
ci
at
ed

pa
in

3-
se
ve
ri
ty

of
sy
m
pt
om

↓
4-
Im

pr
ov
em

en
ts
of

sy
m
pt
om

↑

[6
7]

2
ca
ps
ul
es

of
th
e
st
ud
y
dr
ug

(P
ep
pe
rm

in
to

il
SS

T
18
0
m
g,
an
d
id
en
tic
al

pl
ac
eb
o)

be
tw
ee
n
30

an
d

90
m
in

be
fo
re

br
ea
kf
as
t,

lu
nc
h,
an
d
di
nn
er

C
lin

ic
al
tr
ia
l

IB
S
w
as

m
ad
e
us
in
g
th
e
R
om

e
II
cr
ite
ri
a

45
pa
tie
nt
s
in

ea
ch

gr
ou
p

in
te
rv
en
tio

n
A
na
ly
ze
d

gr
ou
p:

n
=
33

pl
ac
eb
o

A
na
ly
ze
d
gr
ou
p:

n
=
27

8
w
ee
ks

1-
ab
do
m
in
al
pa
in

↓
2-
in
te
ns
ity

of
ab
do
m
in
al
pa
in

or
di
sc
om

fo
rt
↓

3-
qu
al
ity

of
lif
e
on

vi
su
al

an
al
og
ue

sc
al
e
(V
A
S)

↑.

1-
he
ar
tb
ur
n
(4

in
th
e

C
ol
pe
rm

in
gr
ou
p,
5
in

co
nt
ro
ls
),

2-
he
ad
ac
he

(6
in

C
ol
pe
rm

in
,3

in
co
nt
ro
ls
),

3-
di
zz
in
es
s
(3

in
C
ol
pe
rm

in
,5

in
co
nt
ro
ls
).

O
th
er

le
ss

fr
eq
ue
nt

ev
en
ts

in
cl
ud
ed

be
lc
hi
ng
,d
ry

m
ou
th
,a
nd

in
cr
ea
se
d

ap
pe
tit
e
se
en

in
le
ss

th
an

10
%

of
su
bj
ec
ts

[6
7]

O
ne

ta
bl
et
(7
2
m
g)

or
tw
o
ta
b-

le
ts
(1
44

m
g)

of
a
st
an
da
rd
-

iz
ed

tu
rm

er
ic
ex
tr
ac
td

ai
ly

C
lin

ic
al
tr
ia
l

R
om

e
II
cr
ite
ri
a
of

IB
S

O
ne
-t
ab
le
tg

ro
up

=
10
2

Tw
o-
ta
bl
et
s
gr
ou
p
=
10
5

8
w
ee
ks

1-
IB
S
pr
ev
al
en
ce

at
ba
se
lin

e
↓

2-
IB
S
pr
ev
al
en
ce

↓
3-
im

pr
ov
em

en
to

f
IB
S↑

4-
bo
w
el
pa
tte
rn

↑

In
on
e-
ta
bl
et
gr
ou
p:

1-
di
ag
no
si
s
of
hy
pe
rt
hy
ro
id
is
m

(N
=
1)

2-
ce
as
ed

tr
ea
tm

en
tf
or

ho
sp
ita
l

ex
am

in
at
io
n
(N

=
1)

3-
an
tib

io
tic
s
fo
r
re
sp
ir
at
or
y

in
fe
ct
io
n
(N

=
1)

In
tw
o-
ta
bl
et
s
gr
ou
p:

1-
bo
w
el
op
er
at
io
n
(N

=
1)

2-
bo
w
el
bl
ee
di
ng

(N
=
1)

3-
ho
sp
ita
la
dm

is
si
on

(N
=
1)

4-
fe
ll
pr
eg
na
nt

(N
=
1)

5-
ne
w
m
ed
ic
at
io
n
in
fe
rr
in
g

w
ith

IB
S
(N

=
1)

[6
8]

22
5
m
g
tw
ic
e
da
ily

pe
pp
er
m
in
t

oi
l

C
lin

ic
al
tr
ia
l

R
om

e
II
an
d
in
ve
st
ig
at
io
ns

IB
S

pe
pp
er
m
in
to

il
gr
ou
p:

n
=
52

pl
ac
eb
o
gr
ou
p:

n
=
12
7

4
w
ee
ks

≥5
0%

im
pr
ov
em

en
t

Ir
ri
ta
bl
e
bo
w
el
sy
nd
ro
m
e

sy
m
pt
om

s

[6
9]

pe
ri
ph
er
al
bl
oo
d
m
on
on
uc
le
ar

ce
lls

(P
B
M
C
s)
w
ith

va
ri
ou
s

co
nc
en
tr
at
io
n
of

ba
ic
al
in

(5
μ
m
ol
/L
,

C
lin

ic
al
tr
ia
l

IB
S-
D
ba
se
d
on

th
e
R
om

e
II
I

di
ag
no
st
ic
cr
ite
ri
a

E
ac
h
gr
ou
p:

n
=
30

1-
th
e
pr
ol
if
er
at
io
n
of

ce
lls

tr
ea
te
d
↓

2-
th
e
pe
rc
en
ta
ge

of
C
D
4
+
C
D
29
+
ce
lls

↓
3-
G
A
TA

-3
↑

bu
tF

O
X
P3

,T
-b
et
an
d
R
O
R
C
↓

[5
9]

DARU J Pharm Sci (2019) 27:755–780 759



T
ab

le
2

(c
on
tin

ue
d)

P
re
pa
ra
tio

ns
/R
ou
te
s
of

ad
m
in
is
tr
at
io
n
tr
ea
tm

en
t&

co
nt
ro
lg

ro
up
s

St
ud
y
de
si
gn

(c
lin

ic
al
tr
ia
ls
)

D
is
ea
se

(M
od
el
of

IB
S)

N
o.
of

Pa
tie
nt
s

T
re
at
m
en
t

du
ra
tio

n
R
es
ul
ts

A
dv
er
se

ef
fe
ct
s

R
ef
er
en
ce
s

10
μ
m
ol
/L
,2
0
μ
m
ol
/L

an
d

40
μ
m
ol
/L
),
an
d
D
M
SO

w
as

th
e
ne
ga
tiv

e
co
nt
ro
l

4-
T
G
F-
b,
IL
-1
0,
IL
-4

↓
bu
tI
FN

-γ
,I
L
-6
,I
L
-5

↑
5-

th
e
ex
pr
es
si
on

of
th
e

pS
TA

T
6/
ST

A
T
6
ra
tio

↓
w
hi
le
p-
N
K
-κ
β
/N
K
-κ
β
an
d

p-
ST

A
T
4/
ST

A
T
4
↑

C
ol
pe
rm

in
(o
ne

en
te
ri
c-
co
at
ed

ca
ps
ul
e
co
nt
ai
ni
ng

18
7
m
g

pe
pp
er
m
in
to

il
in

a
th
ix
o-

tr
op
ic
ge
lt
o
en
su
re
ad
eq
ua
te

di
sp
er
sa
li
n
th
e
bo
w
el
)
th
re
e

to
fo
ur

tim
es

da
ily

15
-3
0
m
in

be
fo
re

m
ea
ls
or

pl
ac
eb
o
(o
ne

id
en
tic
al
ca
p-

su
le
co
nt
ai
ni
ng

an
in
er
to

il)

C
lin

ic
al
tr
ia
l

In
te
rv
en
tio

n
gr
ou
p:

n
=
52

Pl
ac
eb
o
gr
ou
p:

n
=
49

1-
ab
do
m
in
al
pa
in

↓
2-
ab
do
m
in
al
di
st
en
si
on
↓

3-
st
oo
lf
re
qu
en
cy
↓

4-
bo
rb
or
yg
m
i↓

5-
fl
at
ul
en
ce
↓

6-
Sy

m
pt
om

im
pr
ov
em

en
ts

af
te
r
C
ol
pe
rm

in
w
er
e

si
gn
if
ic
an
tly

be
tte
rt
ha
n
af
te
r

pl
ac
eb
o

[3
7]

T
re
at
m
en
t

gr
ou
p
=
IQ

P-
C
L
-1
01

so
ft
ge
l

co
nt
ai
ns

33
0
m
g
pr
op
ri
et
ar
y

m
ix
tu
re

of
cu
rc
um

in
oi
ds

an
d
es
se
nt
ia
lo

ils
fr
om

C
.lo
ng
a
an
d
C
.x
an
th
or
rh
iz
a,

70
m
g
fi
sh

oi
l,
15

m
g

pe
pp
er
m
in
to

il
an
d
8
m
g

ca
ra
w
ay

oi
la
s
w
el
la
s

26
3
μ
g
th
ia
m
in
e,
39

μ
g

fo
lic

ac
id

an
d
62
5
μ
g

vi
ta
m
in

D
3c
on
tr
ol

gr
ou
p
=
pl
ac
eb
o

C
au
ca
si
an

m
en

an
d

w
om

en
ag
ed

18
–7
0
ye
ar
s
ol
d

R
O
M
E
II
I
cr
ite
ri
a
fo
r
IB
S

IQ
P-
C
L
-1
01

gr
ou
p
=
43

pl
ac
eb
o
gr
ou
p
=
47

8
w
ee
ks

1-
IB
S-
SS

S↓
2-

Im
pr
ov
em

en
tS

co
re

of
Ir
ri
ta
bl
e
B
ow

el
Sy

nd
ro
m
e
↑

3-
IB
S-
Q
O
L
(t
ot
al
sc
or
e)

↑
4-

ab
do
m
in
al
pa
in

↓
5-

ab
do
m
in
al
di
sc
om

fo
rt
↓

[7
0]

fe
rm

en
ta
bl
e
ol
ig
os
ac
ch
ar
id
es
,

di
sa
cc
ha
ri
de
s
an
d

m
on
os
ac
ch
ar
id
es

an
d

po
ly
ol
s
(F
O
D
M
A
P)

C
lin

ic
al
tr
ia
l

R
om

e
II
I
cr
ite
ri
a
IB
S
w
ith

di
ar
rh
ea

(I
B
S-
D
),
m
ix
ed

ty
pe

IB
S
(I
B
S-
M
)
or

su
bt
yp
ed

IB
S
(I
B
S-
U
)

pa
tie
nt
s
w
ith

IB
S
ra
nd
om

is
ed

to
a
lo
w
(n
=
20
)
or

hi
gh

(n
=
20
)
FO

D
M
A
P
di
et

3
w
ee
ks

1-
IB
S-
SS

S
in

ab
do
m
in
al
pa
in

sc
or
es

↓
2-

ab
do
m
in
al
di
st
en
tio

n
↓
in

lo
w
FO

D
M
A
P
gr
ou
p

3-
H
2
pr
od
uc
tio
n
↓
In

lo
w

FO
D
M
A
P
gr
ou
p

3-
A
ct
in
ob
ac
te
ri
a
ri
ch
ne
ss

an
d

di
ve
rs
ity
↑
in

L
ow

FO
D
M
A
P

4-
A
na
ly
zi
ng

on
ly

th
e
sa
m
pl
es

of
pa
tie
nt
s
w
ith

IB
S-
M

an
d

IB
S-
D
(e
xc
lu
di
ng

tw
o

IB
S-
C
an
d
on
e
IB
S-
U
to

cr
ea
te
a
m
or
e
un
if
or
m

gr
ou
p,
al
lw

ith
so
m
e
di
ar
-

rh
ea
)
w
e
ob
se
rv
ed

hi
gh
er

ba
ct
er
ia
lr
ic
hn
es
s
in

th
e
lo
w

[7
1]

DARU J Pharm Sci (2019) 27:755–780760



T
ab

le
2

(c
on
tin

ue
d)

P
re
pa
ra
tio

ns
/R
ou
te
s
of

ad
m
in
is
tr
at
io
n
tr
ea
tm

en
t&

co
nt
ro
lg

ro
up
s

St
ud
y
de
si
gn

(c
lin

ic
al
tr
ia
ls
)

D
is
ea
se

(M
od
el
of

IB
S)

N
o.
of

Pa
tie
nt
s

T
re
at
m
en
t

du
ra
tio

n
R
es
ul
ts

A
dv
er
se

ef
fe
ct
s

R
ef
er
en
ce
s

FO
D
M
A
P
gr
ou
p
co
m
pa
re
d

w
ith

th
e
hi
gh

FO
D
M
A
P

gr
ou
p
Sp

ec
if
ic
al
ly
,

Fi
rm

ic
ut
es
,C

lo
st
ri
di
al
es

an
d
A
ct
in
ob
ac
te
ri
a
ri
ch
ne
ss

w
as

hi
gh
er

an
d

A
ct
in
ob
ac
te
ri
a
ba
ct
er
ia
ld

i-
ve
rs
ity

↑
2
ca
ps
ul
es

of
20

m
g
so
y

is
of
la
vo
ne
s
(c
on
ta
in
ed

10
m
g
of

di
ad
ze
in
,8
.5

m
g

of
ge
ns
te
in

an
d
1.
5
m
g
of

gl
yc
et
in
)p
er

da
y,
an
d
on
e

pe
ar
lo

f
vi
ta
m
in

D
(c
on
si
st
ed

of
50
′0
00

ch
ol
ec
al
ci
fe
ro
lI
U
)
bi

w
ee
kl
y

10
0
W
om

en
w
ith

IB
S

w
ith

ag
e
ra
ng
e
of

18
to

75
ye
ar
s
ol
d

an
d
bo
dy

m
as
s

in
de
x
(B
M
I)
of

18
–2
5

R
O
M
E
II
Ic
ri
te
ri
a
w
as

us
ed

fo
r

di
ag
no
si
s
of

IB
S

N
=
25

Fo
r
ea
ch

gr
ou
p
pl
ac
eb
o

of
vi
ta
m
in

D
an
d
pl
ac
eb
o
of

so
y
is
of
la
vo
ne
s
(P

+
P)
,o
r

pl
ac
eb
o
of

vi
ta
m
in

D
an
d

so
y
is
of
la
vo
ne
s
(P

+
S)
,o
r

vi
ta
m
in

D
an
d
pl
ac
eb
o
of

so
y
is
of
la
vo
ne
s
(D

+
P)
,o
r

vi
ta
m
in

D
an
d
so
y

is
of
la
vo
ne
s
(D

+
S)

6
w
ee
ks

1-
T
he

IB
S-

SS
S
↓

2-
to
ta
ls
co
re

of
Q
O
L
↑

3-
is
of
la
vo
ne
s
an
d
vi
ta
m
in

D
sy
ne
rg
is
tic

ef
fe
ct
su
pp
re
ss

ab
do
m
in
al
pa
in

[7
2]

pa
tie
nt
s
w
er
e
tr
ea
te
d
w
ith

ei
th
er

A
V
us
in
g
th
e
N
L
P

fo
rm

ul
at
io
n(
th
is
A
V

fo
rm

ul
at
io
n
ca
m
e
as

a
pi
nk

sy
ru
p
fl
av
ou
re
d
w
ith

m
an
go
)o
rm

at
ch
in
g
pl
ac
eb
o

(w
ith

th
e
sa
m
e
co
lo
r
an
d

fl
av
ou
r)
at
a
do
se

of
50

m
l

ta
ke
n
fo
ur

tim
es

a
da
y

C
lin

ic
al
tr
ia
l(
ag
ed

18
–6
5,
an
d
ha
d

pr
ev
io
us
ly

tr
ie
d
bu
t

fa
ile
d
co
nv
en
tio

na
l

m
an
ag
em

en
tw

ith
an
tis
pa
sm

od
ic
s,

bu
lk
in
g
ag
en
ts
an
d

di
et
ar
y

in
te
rv
en
tio

n)

R
om

e
II
cr
ite
ri
a
fo
r
IB
S

A
t1

m
on
th
s,
Pl
ac
eb
o
(n

¼
23
)

A
ct
iv
e
(n

¼
26
).

A
t3

m
on
th
s,
Pl
ac
eb
o
(n

¼
18
)

A
ct
iv
e
(n

¼
24
).

3
m
on
th
s

(1
m
on
-

th
an
d

fo
llo

w
ed

up
fo
r
a

fu
rt
he
r

2
m
on
t-

hs
)

A
V
us
in
g
th
e
N
L
P
fo
rm

ul
at
io
n

w
as

ge
ne
ra
lly

w
el
lt
ol
er
at
ed
,

w
ith

di
st
en
si
on

as
th
e
on
ly

ap
pa
re
nt

si
de

ef
fe
ct
.S

ix
pa
tie
nt
s
di
d
w
ith
dr
aw

fr
om

th
e
st
ud
y
w
ith

na
us
ea

an
d/

or
vo
m
iti
ng
.H

ow
ev
er
,a

m
aj
or
ity

of
th
es
e
ca
m
e
fr
om

th
e
pl
ac
eb
o
gr
ou
p
an
d
so

w
as

no
tc
on
si
de
re
d
to

be
a

si
gn
if
ic
an
ts
id
e
ef
fe
ct
.

[7
3]

tw
o
ca
ps
ul
es

of
ei
th
er
C
U
-F
E
O

(C
ur
cu
m
in

42
m
g
an
d

Fe
nn
el
es
se
nt
ia
lo

il
25

m
g,
-

ea
ch

ca
ps
ul
e)

C
lin
ic
al
tr
ia
l

R
om

e
II
I
di
ag
no
si
s
of

IB
S

(I
B
S-
D
su
bj
ec
ts
62
%
,

IB
S
-C

su
bj
ec
ts
38
%
)

A
to
ta
lo

f
12
1
co
ns
ec
ut
iv
e

pa
tie
nt
s
(M

al
e
=
44

Fe
m
al
e
=
77
)

C
U
-F
E
O
gr
ou
p
=
60

Pl
ac
eb
o
gr
ou
p
=
61

30
da
ys

1-
A
bd
om

in
al
pa
in

se
ve
ri
ty

↓
2-

IB
S
-Q

O
L
to
ta
ls
co
re
↑

3-
im

pr
ov
em

en
to

f
ea
ch

do
m
ai
n
of

th
e
IB
S-
Q
O
L

su
ch

as
In
di
vi
du
al
do
m
ai
ns

of
dy
sp
ho
ri
a,
bo
dy

im
ag
e,

fo
od

av
oi
da
nc
e
↑

4-
↓T

N
F-
α
↓i
nt
er
fe
ro
n-
γ

↓i
nt
er
le
uk
in
s

5-
ni
tr
ic
ox
id
e
sy
nt
ha
se

↓,
as

w
el
la
s
N
F-
κβ

N
au
se
a
(3
.4
%

in
pl
ac
eb
o

gr
ou
p)
,h
ea
da
ch
e
(1
.7
%

in
C
U
-F
E
O
gr
ou
p)

[7
4]

on
e
ca
ps
ul
e
of

C
ol
pe
rm

in
(T
ill
ot
ts
Ph

ar
m
a,
Z
ie
fe
n,

Sw
itz
er
la
nd
)
co
nt
ai
ni
ng

18
7
m
g
or

0.
2
m
l

pe
pp
er
m
in
to

il,
th
re
e
tim

es
da
ily

30
m
in

be
fo
re

ea
ch

C
lin

ic
al
tr
ia
l(
T
he

pa
tie
nt
s
m
ea
n
ag
e

w
as

40
.7

ye
ar
s

(s
ta
nd
ar
d
de
vi
at
io
n

±1
1.
23

ye
ar
s;

ra
ng
e

R
om

e
II
I
cr
ite
ri
a
fo
r
IB
S-
M

or
IB
S-
D
w
ith

an
av
er
ag
e
da
ily

IB
S-
re
la
te
d
ab
do
m
in
al
pa
in

ra
tin

g
of

C
4
on

a
0–
10

sc
al
e

an
d
a
To

ta
lI
B
S
Sy

m
pt
om

72
pa
tie
nt
s
w
er
e
ra
nd
om

iz
ed

to
PO

(n
=
35
)
or

pl
ac
eb
o

(n
=
37
).
In
th
e
PO

gr
ou
p,
16

pa
tie
nt
s
ha
d
IB
S-
M

an
d
19

pa
tie
nt
s
ha
d
IB
S-
D
.I
n
th
e

pl
ac
eb
o
gr
ou
p,
18

pa
tie
nt
s

4
w
ee
ks

1-
T
IS
S↓

2-
ab
do
m
in
al
pa
in

or
di
sc
om

fo
rt
↓

3-
in
te
ns
ity

of
B
M

ur
ge
nc
y
↓

4-
IB
S
se
ve
re
↓

5-
un
be
ar
ab
le
sy
m
pt
om

s.

T
re
at
m
en
t-
re
la
te
d
ad
ve
rs
e

ev
en
ts
w
er
e
re
po
rt
ed

by
3

su
bj
ec
ts
(P
O
gr
ou
p:

1;
pl
ac
eb
o
gr
ou
p:

2)
an
d

co
ns
is
te
d
of

fl
at
ul
en
ce
,

dy
sp
ep
si
a,
an
d

[7
5]

DARU J Pharm Sci (2019) 27:755–780 761



T
ab

le
2

(c
on
tin

ue
d)

Pr
ep
ar
at
io
ns
/R
ou
te
s
of

ad
m
in
is
tr
at
io
n
tr
ea
tm

en
t&

co
nt
ro
lg

ro
up
s

St
ud
y
de
si
gn

(c
lin

ic
al
tr
ia
ls
)

D
is
ea
se

(M
od
el
of

IB
S
)

N
o.
of

Pa
tie
nt
s

T
re
at
m
en
t

du
ra
tio

n
R
es
ul
ts

A
dv
er
se

ef
fe
ct
s

R
ef
er
en
ce
s

m
ea
l.
T
he

pl
ac
eb
o
gr
ou
p

re
ce
iv
ed

an
id
en
tic
al

lo
ok
in
g
pl
ac
eb
o

18
–6
0
ye
ar
s)
,7
5%

w
er
e
fe
m
al
e,
an
d

77
.8
%

w
er
e

C
au
ca
si
an
)

Sc
or
e
(T
IS
S)

of
C
2
on

a
0–
4

sc
al
e

ha
d
IB
S-
M

an
d
19

pa
tie
nt
s

ha
d
IB
S-
D
(P

C
0.
35

fo
r
al
l

co
m
pa
ri
so
ns

ga
st
ro
es
op
ha
ge
al
re
fl
ux
,

re
sp
ec
tiv
el
y.
A
ll
ad
ve
rs
e

ev
en
ts
w
er
e
m
ild

in
in
te
ns
ity

w
ith

th
e
ex
ce
pt
io
n
of

m
od
er
at
e
ga
st
ro
es
op
ha
ge
al

re
fl
ux

re
po
rt
ed

by
1
pa
tie
nt

in
th
e
pl
ac
eb
o
gr
ou
p.

pa
tie
nt
s
w
er
e
tr
ea
te
d
w
ith

ei
th
er

A
V
us
in
g
th
e
N
L
P

fo
rm

ul
at
io
n(
th
is
A
V

fo
rm

ul
at
io
n
ca
m
e
as

a
pi
nk

sy
ru
p
fl
av
ou
re
d
w
ith

m
an
go
)o
rm

at
ch
in
g
pl
ac
eb
o

(w
ith

th
e
sa
m
e
co
lo
r
an
d

fl
av
ou
r)
at
a
do
se

of
50

m
l

ta
ke
n
fo
ur

tim
es

a
da
y

C
lin

ic
al
tr
ia
l

di
ar
rh
ea

pr
ed
om

in
an
ta
nd

m
ix
ed

pa
tie
nt
s

A
t1

m
on
th
,P

la
ce
bo

(n
¼

14
)

A
ct
iv
e
(n

¼
23
).

A
t3

m
on
th
s,
Pl
ac
eb
o
(n

¼
11
)

A
ct
iv
e
(n

¼
21
).

3
m
on
th
s

(1
m
on
-

th
an
d

fo
llo

w
ed

up
fo
r
a

fu
rt
he
r

2
m
on
t-

hs
)

1-
A
t1

m
on
th
s:
im

pr
ov
em

en
t

in
IB
S
sc
or
e
in

ac
tiv

e
gr
ou
p↑

2-
A
t3

m
on
th
s:
→

In
im

pr
ov
em

en
ti
n
th
e
IB
S

sc
or
e
an
d
pa
in

sc
or
e
↑

A
V
us
in
g
th
e
N
L
P
fo
rm

ul
at
io
n

w
as

ge
ne
ra
lly

w
el
lt
ol
er
at
ed
,

w
ith

di
st
en
si
on

as
th
e
on
ly

ap
pa
re
nt

si
de

ef
fe
ct
.S

ix
pa
tie
nt
s
di
d
w
ith

dr
aw

fr
om

th
e
st
ud
y
w
ith

na
us
ea

an
d/

or
vo
m
iti
ng
.H

ow
ev
er
,a

m
aj
or
ity

of
th
es
e
ca
m
e
fr
om

th
e
pl
ac
eb
o
gr
ou
p
an
d
so

w
as

no
tc
on
si
de
re
d
to

be
a

si
gn
if
ic
an
ts
id
e
ef
fe
ct
.

[7
3]

Tw
o
ca
ps
ul
es

of
pe
pp
er
m
in
to
il

or
pl
ac
eb
o
tw
ic
e
a
da
y

(p
re
pa
re
d
in

en
te
ri
c-
co
at
ed
,

ga
st
ro
-p
ro
te
ct
ed

ca
ps
ul
es

w
hi
ch

do
no
td

is
so
lv
e
du
r-

in
g
th
ei
rp
as
sa
ge

th
ro
ug
h
th
e

st
om

ac
h
an
d
w
hi
ch

on
ly

di
ss
ol
ve

w
he
n
th
er
e
is
in
-

te
st
in
al
pH

of
7.
0
or

hi
gh
er
.

E
ac
h
ca
ps
ul
e
w
as

fi
lle
d
w
ith

22
5
m
g
of

pe
pp
er
m
in
to

il
an
d
45

m
g
of

N
at
ra
so
rb
,a

pa
rt
ic
ul
ar
st
ar
ch

th
at
ab
so
rb
s

oi
ls
in
so
lid

po
w
de
r(
M
in
to
il

®
C
ad
ig
ro
up
,R

om
e,
It
al
y)
,

w
hi
le
th
e
pl
ac
eb
o
co
nt
ai
ne
d

22
5
m
g
of

m
al
to
de
xt
ri
n

w
ith

m
in
tf
la
vo
ur

(C
ad
ig
ro
up
,R

om
e,
It
al
y)

C
lin

ic
al
tr
ia
l

Pa
tie
nt
s
w
ith

ir
ri
ta
bl
e
bo
w
el

sy
nd
ro
m
e
ac
co
rd
in
g
to

th
e

R
om

e
II
cr
ite
ri
a
w
er
e

in
ve
st
ig
at
ed

(a
ll
pa
tie
nt
s
ha
d

a
ne
ga
tiv

e
la
ct
os
e
br
ea
th
te
st

fo
r
la
ct
os
e
in
to
le
ra
nc
e(
a

po
si
tiv

e
te
st
re
qu
ir
e
an

in
cr
ea
se

in
br
ea
th

hy
dr
og
en

>
20

pp
m

w
ith

in
90

or
18
0
m
in

af
te
r
an

or
al

in
ge
st
io
n
of

<
20

g
la
ct
os
e

po
w
de
r
di
lu
te
d
in

15
0
m
l

ta
p
w
at
er
)
an
d
a
la
ct
os
e

br
ea
th

te
st
fo
r
ba
ct
er
ia
l

ov
er
gr
ow

th
(a

po
si
tiv
e
te
st

re
qu
ir
e
tw
o
di
st
in
ct
pe
ak
s

>
20

pp
m

of
br
ea
th

hy
dr
og
en

w
ith
in

90
m
in

af
te
r
6
g
la
ct
os
e
di
lu
te
d
in

15
0
m
lt
ap

w
at
er
).

50
pa
tie
nt
s:
24

pa
tie
nt
s
in

pe
pp
er
m
in
to

il
gr
ou
p
(1
8

w
om

en
,6

m
en
;m

ea
n
ag
e

42
,r
an
ge

22
–5
8)

an
d
26

pa
tie
nt
s
(2
0
w
om

en
an
d
6

m
en
;m

ea
n
ag
e
40
,r
an
ge

20
–6
0)

in
th
e
pl
ac
eb
o
gr
ou
p

4
w
ee
ks

1-
In

PO
gr
ou
p→

im
pr
ov
em

en
t

in
to
ta
lI
B
S
sy
m
pt
om

s
sc
or
e

↓
2-
In

th
e
PO

gr
ou
p
→
al
lt
he

sy
m
pt
om

s
↓i
m
pr
ov
em

en
ti
n

di
ar
rh
oe
a,
pa
in

an
d
bl
oa
tin

g

O
ne

pa
tie
nt

in
th
e
pe
pp
er
m
in
t

oi
lg
ro
up

re
fu
se
d
to
co
nt
in
ue

th
e
st
ud
y
du
e
to

pr
ol
on
ge
d

he
ar
tb
ur
n
an
d
a
m
in
ty

ta
st
e

in
hi
s
m
ou
th

(m
ay

be
du
e
to

th
e
in
co
rr
ec
ta
ss
um

pt
io
n
of

th
e
ca
ps
ul
e
(p
at
ie
nt
ch
ew

in
g

th
e
ca
ps
ul
e)
or

du
e
to

th
e

ca
ps
ul
e
di
ss
ol
vi
ng

to
o
ea
rl
y

in
to

th
e
st
om

ac
h,
ca
us
in
g

oe
so
ph
ag
ea
lr
ef
lu
x
of

ga
st
ri
c
ju
ic
e
m
ix
ed

w
ith

m
en
th
ol
)

[3
6]

DARU J Pharm Sci (2019) 27:755–780762



the antibacterial activity of A. vera juice was only limited to
gram-negative bacteria; A. hydrophilia and E. coli [89, 90,
94].

Antioxidant activity

The abnormalities between ROS generation and their neutral-
ization lead to overwhelming the body’s ability to regulate the
ROS production and oxidative stress, playing crucial roles in
the pathogenesis of various diseases such as IBS [93, 95].
However, the antioxidat system of the human body is gener-
ally able to control and inhibit the free radicals production
[96]. This protective system is composed of enzymatic agents
(intracellular antioxidant enzymes), as well as antioxidant
compounds from foods, which form an integrated system,

effective in blocking the oxidative effects of ROS and nitrogen
species (NOS) [94] (Table 2, Fig. 1).

A. vera is a great choice for diseases management, mainly
through its radical-scavenging asset [97]. Phytochemical in-
vestigations showed that the majority of the A. vera polyphe-
nolic compounds belong to the non-flavonoid polyphenols.
The leaf gel extract is composed of phenolic acids/polyphe-
nols, indoles, and alkaloids; possessing antioxidant properties
confirmed by Oxygen Radical Absorbance Capacity (ORAC)
and Ferric Reducing Antioxidant Power (FRAP) analyses that
help to improve IBS [98, 99].

Anti-inflammatory activity

A. vera is one of the best-reputed natural remedies that can
control swelling/redness. It was shown the polyphenols of

Fig. 1 Plants enriched by polyphenol compounds, prevention and
treatment of IBS. cAMP: Adenosine diphosphate, TRPA1: Transient
receptor potential ankyrin 1, p38MAPK: p38 mitogen-activated protein
kinases, JNK: Jun N-terminal kinase, LOX: Lipoxygenase, COX-1,2:
Cyclooxygenase-1,2, IL-8: Interleukin-8, PGE2: Prostaglandin E2, Bcl-
2: B-cell lymphoma 2, Bcl-xL; B-cell lymphoma-extra-large, IL-1β:
Interleukin-1beta, IL-6: Interleukin-6, MCP-1: Monocyte
chemoattractant protein-1, MIP-1α: Macrophage inflammatory protein-
1alpha, iNOS: Inducible nitric oxide synthase, TNF-α: Tumor necrosis
factor alpha, IFNγ: Interferon gamma, NF-κB: Nuclear factor kappa-
light-chain-enhancer of activated B cells, TLR: Toll like receptor,TLR4:
Toll like receptor, TRIF: Tir-domain-containing adapter-inducing inter-
feron-β, TRAF6: Tumor necrosis factor receptor associated factor 6,

IKKβ: Inhibitor of kappa beta kinase, MyD88: Myeloid differentiation
primary response 88, Akt: Protein kinase B (PKB), mTOR: Mammalian
target of rapamycin, IGF-1R: Insulin-like growth factor 1 receptor,
IRAK1: Interleukin-1 receptor-associated kinase 1, IRAK4: Interleukin-
1 receptor-associated kinase 4, TAK1: Transforming growth factor-beta-
activated kinase 1, TIRAP: TIR domain containing adaptor protein,
TRAM: Translocating Chain-Associated Membrane Protein, RIP:
Receptor-Interacting Protein, IKK : Inhibitor of kappa alpha kinase,
IKK : Inhibitor of kappa gama kinase, PI3K: Phosphatidylinositol-3 ki-
nase, IGF-1: Insulin-like growth factor 1. pCREB:phosphorylated cAMP
response element binding protein, CREB: CAMP responsive element
binding protein ↓: decrease, ↑: increase
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A. vera reduced edema by inhibiting the PGE2 production
from [14C] arachidonic acid [77, 100], besides, A. vera gel
inhibited the production PGE2 and secretion of IL-8 [101,
102]. According to Hong et al. 2018, A. vera showed anti-
inflammatory effects on various conditions. Its oral adminis-
tration was helpful in ameliorating the gastric ulcer and
repressing the inflammatory mediators in damaged tissues
and increased the QOL scores. It is suggested that the anti-
inflammatory properties of A. vera is probably the main relat-
ed mechanism of action for IBS treatment with this plant spe-
cies [65] (Table 2, Fig. 1).

Mentha piperita

Peppermint oil isolated fromMentha piperita (Lamiaceae), con-
tains a mixture of terpenes and has been shown to possess var-
ious therapeutic effects such as reducing colonic spasm during
barium examination [103, 104], relieving non-ulcer dyspepsia
[105], and alleviating tension-type headaches [106] (Tables 2
and 3, Fig. 1). The oil shown significant antiviral activity against
Herpes simplex viruses (HSV)-1 and HSV-2 [61], either alone
or in combination with other herbals or medications. L-menthol
is the principal component of the oil, accounting for 35–50% of
the compounds. Peppermint is being used for centuries as a
digestive aid, and specifically has been evaluated as a potential
IBS therapy for several decades [112, 113].

Peppermint oil and L-menthol, are known to be serotoner-
gic (5HT3) antagonism [114], smooth muscle calcium chan-
nel antagonism [112] and can reduce the calcium influx [113],
also accounted as kappa opioid agonism [115], carminative
[116], anti-infective [117], and anti-inflammatory agents
[118]. Clinical studies introduced the oil as an attractive phar-
macotherapy candidate for IBS, even better than anti-
spasmodics; tricyclic antidepressants, and fiber [119].

Following oral administration at a dose of 187 mg (three to
four capsules daily), the oil positively affected the abdominal
pain, distension, stool frequency and consistency, borboryg-
mi, and flatulence, in about 78% of patients, significantly
more effective than the placebo. It was rapidly absorbed from
the proximal gut, and frequently showed unwanted effects
such as heartburn. Stool consistency improved from watery
to soft or normal, corresponding to the decrease in stool fre-
quency. However, it had no effect on upper digestive tract
symptoms, such as nausea, acid regurgitation, belching, heart-
burn and skin rush [36, 37, 67, 69]. Patients treated with this
oil experienced reduction in abdominal pain or discomfort,
and the mean intensity of bowel movement (BM). Similarly,
the oil caused a decrease in Total IBS Symptom Score (TISS),
significantly greater than the placebo group at 24 h [120].
Subjects receiving peppermint oil experienced a significant
decrease in the number of severe and unbearable symptoms
at 28 days compared with those receiving the placebo. The
reduction from baseline in the number of severe and

unbearable symptoms was also more pronounced for the pep-
permint oil group compared with the placebo at 24 h, but did
not reach statistical significance [69, 120].

In individuals diagnosed with either abdominal pain or dis-
comfort, colpermin (peppermint-oil formulation) increased the
number of patients free from abdominal pain or discomfort and
the IBS score of QOL, also reduced the intensity of abdominal
pain or discomfort significantly. Adverse events were mild, tran-
sient, and well tolerated. The most frequently observed adverse
events were heartburn, headache, and dizziness. Other less fre-
quent events included belching, dry mouth, and increased appe-
tite, which were reported in less than 10% of subjects [75].

Effects on GI tract neuromotor function

Peppermint oil reverses the acetylcholine-induced contraction
and antagonises the serotonin-induced contraction through
calcium channel block [113, 121]. It was observed that men-
thol induced circular smooth muscle relaxation in human co-
lon, by directly inhibiting the contractility via blocking the
Ca2+ influx through sarcolemma L-type Ca2+ channels [113,
121].

The oil may also directly affect the enteric nervous system.
Using cultured murine small intestine interstitial cells of Cajal,
it was shown that menthol acts via the transient receptor po-
tential cation channel, subfamily A, member 1 (TRPA1) re-
ceptor to induce the membrane potential depolarization in a
concentration dependent manner. G protein stimulation as
well as the external Ca2+ and Ca2+ release from the intracel-
lular stores also were involved [122]. In addition, it was evi-
denced that prostaglandin production was also implicated in
stimulating the effects of menthol on the interstitial cells. The
peppermint oil (via menthol) can decrease the visceral pain
when administered orally or intraperitoneally in IBS patient
[123], by reducing the TRPM8 and/or TRPA1 receptors of the
transient receptor potential cation channel (TRP channels) su-
perfamily located in the gut [124].

Effects on inflammation

It has been evinced that the oil (menthol) possesses impressive
anti-inflammatory activities, thus it could improve the IBS
scores. The peppermint oil prevents both xylene-induced gut
inflammation in mice and acetic acid-induced colitis in rats
[123, 125] (Tables 1 and 2, Fig. 1). Menthol was shown to
suppress the production of inflammatory mediators from hu-
man monocytes [118]. It is known that immune cells contain
TRP channels. It is believed that the anti-inflammatory effects
of the peppermint oil may be mediated, at least in part, via
TRPM8, since its activation downregulates chemically-
induced colitis in mouse models [126, 127].
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Cynara scolymus (artichoke)

Artichoke species is described as a medicinal plant used in
gastric conditions due to its anti-dyspeptic action, which is
promoted by its choleretic properties (Alves and Botsaris,
2007) (Table 1, Fig. . 1). Treatment with artichoke leaf extract,
rich in phenolic compounds such asca-feoilquinic acid and fla-
vonoids, contributed to a significant increase of the bile flow
and cholesterol reduction in rats [128]. Artichoke displays a
significant antispasmodic potential, due to the presence of ses-
quiterpene cinaropicrin. In another study, the phenolic metab-
olites such as flavonoids and caffeine derivatives were intro-
duced responsible for treatment of digestive disorders, relieving
loss of appetite, nausea and abdominal pain [95].

Many investigations have shown the benefits of artichoke
polyphenols in IBS patients. The extract of C. scolymus was
able to affect the intestinal microbiota and displayed signifi-
cant antispasmodic effects [129] (Table 1). According to a
clinical study involving 244 participants with dyspepsia, the
volunteers which received 320 mg of the artichoke extract
twice daily for 6 weeks, the symptoms of diarrhea/
constipation were improved [77]. In another investigation
with 208 IBS patients, the incidence of the disease was
dropped significantly (26.8%), after the use of the artichoke
leaf extract [101]. In agreement with these studies, it has been
shown that following the administration of artichoke, the IBS
symptoms and the QOL score were relieved in 96% of the IBS
patients [130]. A 40% reduction in dyspepsia symptoms was
recorded in individuals that received C. scolymus extract con-
taining phenolic metabolites such as flavonoids and caffeine-
like acids [131, 132]. Such findings confirm the articular use
of the artichoke in gastrointestinal problems.

Perilla frutescens

Perilla frutescens is a plant species with leaves enriched with
polyphenols. It has known anti-allergic, respiratory, and diges-
tive treating effects (Table 1, Fig. . 1). The plant contains
various phenolic compounds such as phenolic acids, cinnamic
acid derivatives, flavonoids, and lignans. Gallic acid,
hydroxytyrosol (3,4-DHPEA), cinnamic acid derivatives
(coumaroyl tartaric acid, caffeic acid and rosmarinic acid),
flavonoids, scutellarein 7-O-diglucuronide, luteolin 7-O-
diglucuronide, apigenin 7-O-diglucuronide, luteolin 7-O-glu-
curonide, and scutellarein 7-O-glucuronide), and anthocya-
nins (mainly cis-shisonin, shisonin, malonylshisonin and
cyanidin 3-O-(E)-caffeoylglucoside-5-O-malonylglucoside)
[133]. In a double-blind, randomized, placebo-controlled par-
allel trial, 50 participants with gastrointestinal discomfort were
treated with P. frutescens extract, receiving 150 mg of the
extract twice daily during 4 weeks. It was reported that all
the gastrointestinal symptoms including bloating, passage of

gas, GI rumbling, feeling of fullness, and abdominal discom-
fort were significantly attenuated [134] (Table 1, Fig. . 1).

Preclinical investigations suggested that P. frutescens stim-
ulated the motility of the intestinal tract. In another study,
perilla extract and the isolated vicenin 2 reduced the
acetylcholine- or Ba(2+)-induced-contraction of rat ileum,
representative of an antispasmodic effect [135]. P. frutescens
is able to ameliorate Dextran sulfate sodium (DSS)–induced
colitis via downregulating the pro-inflammatory and inducing
the anti-inflammatory cytokines. In this study, P. frutescens
significantly suppressed the mRNA expressions of TNF-α,
and IL-17A in distal colon. Among the isolated phenolic com-
pounds, luteolin repressed the production of TNF-α-, IL-1,
IL-6, and IL-17A. Apigenin reduced the IL-17A secretion
and increased the anti-inflammatory cytokine IL-10. These
reports suggest that P. frutescens polyphenols are potential
therapeutical phyto-medications to manage IBS and increas-
ing the QOL scores [136–138].

Acacia catechu - polyphenol (catechins)

In animal model of IBS,A. catechu (Fabaceae) caused relaxation
in the ileum and colon contractility [110] (Table 3, Fig. . 1).
Qualitative analysis of the ileum showed that A. catechu extract
containing polyphenols i.e. catechins, reduced the tone of colon
contractility, in particular, at high-frequency waves. All the fre-
quency ranges significantly decreased from the spontaneous
values and enhanced the QOL score in IBS [110, 139, 140].

The functional activity of A. catechu extract against L-type
calcium channels was assessed in the ileum and the proximal
colon smooth muscles. A. catechu induced a concentration-
dependent spasmolytic activity, both in the ileum and colon.
A. catechu produced noncompetitive reversible antagonism, sim-
ilar to that shown in the ileum. On the proximal colon, the po-
tency was similar to that shown in the ileum [68, 110, 139, 141].

A. catechu polyphenols displayed weak antimicrobial ac-
tivity against gram-bacteria such as C. jejuni, E. coli, and
Salmonella spp. A. catechu did not affect neither gram posi-
tive tested species. Actually, its main polyphenolic com-
pounds, catechins, were reported to possess anti-
inflammatory properties, by inhibiting several signaling path-
ways such as Nf-kβ and other transcription factors with a
synergic effect on diarrhea in IBS [110, 139].

Camellia sinensis- polyphenol (catechins)

Polyphenols of tea (Camellia sinensis, Theaceae), commonly
known as catechins, proven to be potent scavengers [142] of free
radicals [39] (Table 3, Fig.. 1). Epigallocatechin gallate (EGCG)
is the strongest antioxidant compound in tea catechins [38, 40,
139, 143]. Due to its antioxidant properties, EGCG found helpful
to decrease the potential effect of some neurotoxin in neurode-
generative disorders, attenuated the toxic effect of ROS and
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hampered the caspase-3 activity in neuronal cultures [139, 144].
Besides, EGCG shown to inhibit the lipid peroxidation promoted
by iron ascorbate in homogenates of the brain mitochondrial
membranes [110, 139, 145]. Furthermore, EGCG is reported to
inhibit the transition of metal-catalyzed free radicals formation
and chelate metal ions. EGCG treatment inhibited the activity of
the enzyme inducible nitric oxide synthase (iNOS) [40, 146] in
activated macrophages, while the compound promoted the ac-
tivity of the antioxidant enzymes; superoxide dismutase (SOD)
and catalase (CAT), that could be useful to control the inflam-
mation process [147].

EGCG also inhibited the NF-κβ activation induced by many
pro-inflammatory stimuli such as ultra-violate (UV), LPS,
TNF-α and IL-1 [139, 143, 148, 149], resulting in a decline in
the expressions of the inflammatory gene products including
lipoxygenase, COX, NOS, and TNF-α in IBS [144, 150, 151].
It has been demonstrated that the suppression of the kinase
activity of Iκβ in macrophages and the intestinal epithelial cell
line 6 (IEC-6), can downregulate the activation of NF-κB [139,
147]. It was reported that EGCG blocked the TNF-α-induced
phosphorylation of MAPKs family, such as extracellular signal-
regulated kinase 1/2 (ERK1/2), p38 and JNK in synovial fibro-
blasts [152–154], while other studies pointed out that EGCG
inhibited the LPS-induced activation of p38, but enhanced the
phosphorylation of ERK1/2 in J774.1 macrophage cells [147,
152]. The green tea polyphenols inhibited p44/42 MAP kinase
expression and reduced the viability of smooth muscle cells in a
p53- and NF-κβ -dependent manner [139, 149, 155].
Experimental data suggested that EGCG selectively inhibited
LPS-induced release of high mobility group box 1 (HMGB1),
TNF-α, IL-6, IL-12, and chemokines, including macrophage
inflammatory protein (MIP)-1a, MIP-1c, MIP-2, normal T cell
expressed and secreted RANTES (CCL5), monocyte
chemoattractant protein-1 MCP1, keratinocytes chemoattractant
and chemokine (C-X-C motif) ligand 16 CXCL16 in IBS.
EGCG increased the QOL scores such as abdominal pain, nau-
sea, vomiting, diarrhea and constipation [40, 156–159].

Olea europaea

Olive polyphenols (i.e. gallic, p-hydroxybenzoic,
protocatechuic, vanillic, syringic, caffeic, ferulic, p-coumaric,
and sinapic acids, and flavonol glycosides such as luteolin-7-
glucoside and rutin as well as anthocyanins, cyanidin 3-O-glu-
coside, and cyanidin 3-O-rutinoside) [160], have direct contact
with the gastric and intestinal mucosa, allowing a direct cellular
exposure, while avoiding the first-pass hepatic metabolism.
Several studies shown that the olive polyphenols and/or deriva-
tives can passively diffuse into enterocytes quite readily [42,
161]. Olive oil polyphenols can also directly impact digestive
health by promoting the intestinal microbiome that supports the
intestinal immune homeostasis, which expands the potential

benefits to a broad spectrum of diseases known to be tied into
this system such as IBS [161] (Table 1, Fig. 1).

Topical application of olive polyphenols can improve
wound healing processes, somehow relevant to digestive
health, as the oral administration of these polyphenols can
serve as a topical treatment to the gastric and intestinal mucosa
[161, 162], due to their utility in restoring damaged and in-
flamed mucosa. The combination of systemic effects paired
with direct topical effects on mucosa, modulation of
microbiome, and the immunemodulatory effect; all contribute
to the observed benefits of olive polyphenols in a wide variety
of digestive issues including IBS [163].

Evidence on effectiveness of polyphenol
compounds on IBS

Trans-resveratrol

The natural occurring metabolite 3,5,4′-trihydroxy-trans-stil-
bene is a polyphenol compound extracted from many plant
species, particularly from the skin of red grapes and red berries.
Resveratrol has a great history of pharmacological activities
with a well-documented inhibitory effect on diverse cellular
events associated with tumor initiation and development
[164]. Literature review showed that resveratrol possesses an-
ti-oxidant, anti-inflammatory [165, 166], and cardioprotective
properties [166, 167] (Table 3, Fig. 2). The compound has also
shown neuroprotective activities, by targeting various mole-
cules such as brain-derived neurotrophic factor (BDNF) and
phosphodiesterases (PDEs) [41, 168]. It is suggested that this
compound could have antidepressant and anxiolytic-like effects
in various animal models [166, 169–171] by increasing the
BDNF protein levels in the hippocampus [172]. It was evi-
denced that resveratrol protects the intestinal barrier function
against oxidative stress [173], by binary effects on central ner-
vous and peripheral disorders. For instance, resveratrol im-
proves the psychiatric and intestinal dysfunction through inhi-
bition of the cAMP degrading phosphodiesterases (PDEs), the
enzyme responsible for BDNF regulation [41, 168, 174].

The high expression of PDE4 in the brain-gut axis has
particular role in the IBS pathology [175, 176]. PDE4 inhib-
itors alleviate the intestinal dysfunction by reducing defeca-
tion [166, 177], therefore, resveratrol may block the PDE4
subtypes and the downstream signaling, improving the IBS-
like symptoms and the score of QOL [166]. Among 4 sub-
types of PDE4 (PDE4A-D), PDE4A signaling shown protec-
tive effects against IBS insults, reversed the IBS-related de-
pression- and anxiety-like behaviors, as well as the intestinal
dysfunction, by regulating the brain-gut axis. It has been
shown that resveratrol ameliorated the chronic-acute com-
bined stress (CACS)-induced intestinal dysfunctions like
IBS. Pre-treatment of resveratrol for 3 weeks, significantly
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reduced the CACS-induced abnormality of the intestinal mo-
tility by increasing the migration distance to total intestinal
length. In addition, resveratrol caused CACS-induced visceral
hypersensitivity by diminishing abdominal withdrawal reflex
(AWR) scores, demonstrating that resveratrol has anti-IBS-
like effects in rodent model of IBS and increases the score
of QOL [178]. Chronic treatment of trans-resveratrol dimin-
ished histological scores in the inflammatory damaged ileum
dose-dependently. However, it could not completely reverse
the CACS-induced ileal and colonic damages, signifying that
trans-resveratrol possessed anti-inflammatory effects on
CACS-induced IBS model [174].

Trans-resveratrol normalized PDE4A, pCREB, and BDNF
protein levels in the ileum and colon

It is evidenced that CACS significantly augmented the
PDE4A, phosphorylated cAMP response element binding
protein/CAMP responsive element binding protein 1
(pCREB/CREB), and the BDNF protein levels, in comparison
with the control groups in vivo (Table 3). In the colon and
ileum, resveratrol treatment reduced the expressions of these
proteins by decreasing PDE4A, pCREB/CREB, and the ex-
pression and protein levels of BDNF, suggesting that resvera-
trol is useful in CACS condition, induced abnormalities of
PDE4A expression and the CREB-BDNF signaling in the
ileum and colon [166, 174, 179].

Antioxidative and anti-inflammatory properties

Resveratrol also shown to inhibit the lipid peroxides produc-
tion and can modulate the lipoprotein metabolism [176, 180]
(Table 3, Fig. 2). Its anti-oxidative and anti-inflammatory ef-
fects [181, 182] was correlated with disruption of arachidonic
acid metabolism and inhibition of COX-1 and COX-1
hydroxyperoxidase [164]. The stilbene can reduce the LPS-
and/or phorbol 12-myristate- induced COX-2 levels, also
modulated the overexpression of COX-2 [183–185].

Villegas et al. 2004 showed that the expression of COX-2
was diminished in apical epithelial cells of the inflamed colon
in resveratrol-treated rats. The authors concluded that de-
creased apoptosis in colonic mucosa was due to increased
DNA fragmentation in trinitrobenzene sulphonic acid
(TNBS)-treated rats [186].

Besides inhibiting COX-2, resveratrol suppressed the
iNOS expression and subsequent NO production in cultured
cells [183, 187, 188]. It was seen that the activation of immune
cells, such as neutrophils, macrophages, and cytotoxic T cells
leads to the intestinal barrier destruction through physical con-
tact. This process may also occur by releasing of reactive
oxygen and nitrogen radicals, cytotoxic proteins, lytic en-
zymes, or cytokines such as TNF-α and IL-1β [189–191].

The inhibition of the key-pro-inflammatory mediators is im-
portant to control the inflammatory responses. IL-1β is consid-
ered as the primary stimulator of diarrhea (the major symptom
of the intestinal inflammation) [192]. It was shown that resver-
atrol contributes to decrease the PGD2 in the colon tissue.
PGD2 is the main PG produced by mucosal mast cells and is
crucial for restraining the colon inflammation [192–196].

Resveratrol participates in increasing the anti-inflammatory
immune-regulatory cytokine IL-10 [197]. In animal model of
LPS-induced airway inflammation, resveratrol inhibited the
MPO activity (an indicator of the infiltration of the colon with
polymorphonuclear leukocytes) and cytokine-induced neutro-
phil chemoattractant-1 (CINC-1) level in the lung tissue [178].
In a human study, resveratrol reduced the release of IL-8 and
granulocyte-macrophage colony stimulating factor from alveo-
lar macrophages in chronic obstructive pulmonary disease
[198]. In another study, the activities of T- and B-cells were
ameliorated by resveratrol, leading to decreased PGE2 and var-
ious cytokines such as TNF-α, IL-1β, IL-6, interferon gamma
(IFNγ) and IL-12 secretions [192, 199].

Resveratrol is a well-recognized compound able to inhibit a
wide strata of the inflammatory agents-induced the NF-κB ac-
tivation. A number of molecular targets of resveratrol are rec-
ognized in TLR-mediated signaling pathways. It has been dem-
onstrated that resveratrol inhibition of IκB (Inhibitor of kappa
B) kinase, led to the inhibition of LPS-induced IκB degrada-
tion, resulting in prevention of NF-κB translocation and
transactivation [196, 200]. TLR4-TRIF pathway-induced IκB
degradation is assumed to be mediated via the interaction be-
tween TRIF and tumor necrosis factor receptor associated factor
6 (TRAF6) in association with the N-terminal part of tir-
domain-containing adapter-inducing IF-β (TRIF) [197, 201].
Resveratrol was also shown to inhibit myeloid differentiation
primary response 88 (MyD88)- independent signaling path-
ways and the expression of their target molecules [178, 199].
It was evident that COX-2 is a rate-limiting enzyme in the
process of the inflammatory mediator’s production, with
NF-κB being the upstream regulator of COX-2. Of note, the
anti-inflammatory activity of resveratrol is mostly attributed to
the inhibition of COX activity [198, 202, 203]. Resveratrol
interferes the pro-inflammatory signaling of thrombin, which
in turn, reduces the secretion of adenosine nucleotide from ac-
tivated platelets and decreases neutrophil functions, by
inhibiting the PAP and purinergic 2 receptor (P2-receptor) sig-
naling through MAPK, cJun, and JNK pathways [192–195].

Curcumin Curcumin, is the major ingredient of turmeric, ex-
tracted from the rhizomes of Curcuma longa (Zingiberaceae),
and traditionally used as a herbal medicine for its anti-inflam-
matory, choleretic, antimicrobial, anticancer, and hepatoprotec-
tive properties [204]. Curcumin shown to exert antioxidant,
neuroprotective, and carminative actions through inhibiting
the expression of both COX-2 and iNOS, which would be
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beneficial in disturbed gastrointestinal tract function such as
IBS [182, 205] (Table 3, Fig. 2). Curcumin promoted a symp-
tomatic improvement (i.e. more formed stools, less frequent
bowel movements, and less abdominal pain and cramping)
[206], and decreased the IBS prevalence and scores, besides
improved the IBS symptoms and the QOL scores (Table 2)
[68, 70, 206]. Curcumin significantly up-regulated 5- HT 1A
release and reuptake in IBS patients, also increased the BDNF
protein level in the hippocampus [74, 107]. Administration of
curcumin (20 and 40 mg/kg) decreased the immobility and
augmented fecal output comparing with the non-stressed vehi-
cle group. Curcumin (40 mg/kg) inhibited the chronic acute
combined stress in rats’ fecal output and decreased the AWR
responses significantly.. Chronic administration of curcumin
(20 and 40 mg/kg) elevated the 5-HT levels dose dependently,
when compared with the stressed rats (Table 2). In this study,
curcumin decreased 5-HT turnover, as represented by the ratio
of 5-hydroxyindoleacetic acid main metabolite of serotonin (5-
HIAA/5-HT). Curcumin at 40mg/kg enhanced the BDNF level
and up regulated pCREB in chronic acute combined stressed
rats. However, low doses of curcumin (10 and 20 mg/kg) did
not change the ratio of pCREB/CREB; while at a higher dose
(40 mg/kg), curcumin was found effective [107, 109].

The activation of the nuclear factor erythroid 2-related fac-
tor 2 (Nrf2)-antioxidant mediator response pathway is an im-
portant mechanism involved in intracellular defense against
oxidative stress. Nrf2participates in controlling the gene ex-
pression of the proteins relevant to the detoxication and elim-
ination of reactive oxidant radicals in the system. A random-
ized clinical trial revealed that curcumin promoted the trans-
location of the Nrf2 from the cytoplasm to the nucleus. The
glucose oxidase (GO)-induced increase of the expression of
the extracellular matrix remodeling (ECM) molecules in hu-
man chronic somatomamotropin (HSCs) was also detected.
Curcumin-induced the Nrf2 activation, inhibited the expres-
sion of ECM molecules in HSC, which was attributed to its
antifibrogenic properties. In addition, GO-induced oxidative
stress increased the smooth muscle α-actin (α-SMA) expres-
sion in HSCs, and the transformation of HSCs to the
myofibroblast-like cells. Subsequent to the activation of
curcumin-induced Nrf2, the expression of α-SMA and the
HSC activation were suppressed, which were also associated
with its antifibrotic effects. In addition, pre-treatment with
curcumin significantly suppressed the oxidative stress and
ROS, in part, due to the Nrf2-induced expression of the en-
dogenous glutathione (GSH) [72]. Further, curcumin stimulat-
ed the antioxidant defense by promoting the Nrf2-induced
GSH production, induction of glutamate cysteine ligase tran-
scription, and through direct interaction with superoxide anion
and hydroxyl radicals [68].

Curcumin (in micro to millimolar ranges) is capable of free
radicals scavenging, both in vitro and in vivo [109, 207, 208]
(Table 4, Fig. 2). The compound showed inhibitory effect on

the lipid peroxidation and can maintain the activity of various
antioxidant enzymes and ROS scavengers. It was shown that
curcumin inhibited the LPS-induced production of TNF-α
and interleukin IL-1β in human monocytic macrophage cell
line, Mono Mac 6, and the compound reduced the biological
activity of TNF-α [209, 210].

Curcumin decreased the expression of - IL-1β, IL-6, IL-8,
MIP-1α and MCP-1 in phorbol 12-myristate 13-acetate
(PMA)- or LPS-stimulated human monocytes and alveolar
macrophages in a dose- and time- dependent way
[211–213]. In vivo, curcumin significantly diminished the in-
flammation by inhibiting the mRNA induction of IL-6, IL-1β,
TNF-α and iNOS [213–217].

Isoflavones Chronic visceral pain, a marked characteristics of
IBS, linked with the estrogens activity in women [218], par-
ticularly during menstrual period [219] (Table 2, Fig. 2).
Reduction of estrogens leads to increased gut hypersensitivity
and permeability in IBS women [220]. In the other hand, the
estrogen receptor type β (ERβ) is predominantly expressed in
the colon, however, the estrogen like compounds such as
isoflavones may stimulate the ERβ, and can reduce the gut
hypersensitivity [220]. Diadzein, glycetin and genistein are
the major compounds of soy (Glycine max, Fabaceae)
isoflavones, acting as 17- β estradiol with high affinity for
ERβ [221]. Administration of soy isoflavones, reduced the
IBS-severity scoring QOL system (IBS-SSS) in IBS patients.
Isoflavones significantly improved the QOL scores, for exam-
ple, the abdominal pain severity, duration and distension in
patients [72].

Inhibition of NF-κB pathway activation Soy isoflavones were
ascertained to inhibit and block the NF-κβ protein activation.
NF-κβ is reported to regulate the immune response against a
variety of stimuli such as free radicals, stress, toxines, heavy
metals, oxidize Low-density lipoprotein LDL, and infection
[220, 222, 223] (Table 2, Fig. 2). In vitro, the phosphorylation
of IκB and sequestering of NF-κB complexes into the cyto-
plasm was inhibited by genistein. At lower concentrations,
genistein decreased the NF-B/p65 nuclear protein level dose-
dependently, mainly by inhibiting the phosphorylation of IκB
protein. Likewise, genistein hampered the translocation of
NF-κB dimers to the nucleus and their binding to DNA, lead-
ing to the inhibition of the NF-κB downstream genes tran-
scription, reduced the IBS symptoms and elevated the QOL
scores [220, 222, 223]. This compound also inhibited the
Notch-1 expression and downregulated the NF-κβ targeted
proteins, cyclin B1, B cell lymphoma 2 (Bcl-2), and B cell
lymphoma-extra-large (Bcl-xL) [220, 224]. Thus, genistein
could offer a therapeutic possibility in blocking both the NF-
kβ and Notch-1 pathways. Notch1 signaling was shown to
determine the specialization and differentiation of various
cells during the developmental processes [221, 224].
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Effects on PI3K/Akt/mTOR signaling pathway The phos-
phatidylinositol3-kinase/protein kinase-B/mammalian target of
rapamycin (PI3K/Akt/mTOR) intracellular pathway has a great
importance in cellular cycle, including survival or protein syn-
thesis. This protein is also linked to the cellular proliferation,
cancer and longevity (Table 2, Fig. 2). Hyper-activation of this
pathway attributed with tumoral development and resistance to
the current anticancer therapies [72, 225]. PI3K/Akt/mTOR is
the most frequently activated signaling pathway [226] in estro-
gen receptor–positive-positive breast cancers. Hence,
PI3K/Akt/mTOR inhibition expanded the endocrine therapy
benefit, from the first-line setting and beyond [223, 224, 226].

It has been established that the activation of PI3K/Akt path-
way is mediated by the insulin-like growth factor 1 receptor
(IGF-1R). At high concentrations, genistein inhibited the ac-
tivation of the IGF-1R/Akt signaling pathway, leading to

apoptosis, mainly through downregulation of Bcl-2 and up-
regulation of Bcl-2 associated X (Bax) [222, 227]. On the
other hand, at low doses, genistein exhibited the estrogen
stimulatory effects, leading to enhancement of the mRNA
expression of the IGF-1R. In PI3K/Akt cascade, genistein
induced the expression of phosphatase and tensin homolog
(PTEN), the natural inhibitor of PI3K/Akt signaling pathway,
and improved the IBS symptoms and the QOL scores.
Besides, genistein prompted the PTEN and p53 expressions.
Genistein moderates the PI3-K/Akt cascade in several points,
either by hindering the IGF-1R or bymotivating the inhibitory
effects of PTEN, or less often, by reducing the protein expres-
sion of total and phosphorylated Akt [228, 229].

Effects on MAPK/ERK signaling pathwayGenistein inhibits the
MAPK signaling pathway through different mechanisms

Fig. 2 Phenolic compounds, prevention and treatment of IBS. cAMP:
Adenosine diphosphate, TRPA1: Transient receptor potential ankyrin 1,
p38MAPK: p38 mitogen-activated protein kinases, JNK: Jun N-terminal
kinase, LOX: Lipoxygenase, COX-1,2: Cyclooxygenase-1,2, IL-8:
Interleukin-8, PGE2: Prostaglandin E2, Bcl-2: B cell lymphoma 2, Bcl-
xL; B cell lymphoma-extra-large, IL-1β: Interleukin-1beta, IL-6:
Interleukin-6, MCP-1: Monocyte chemoattractant protein-1, MIP-1α:
Macrophage inflammatory protein-1alpha, iNOS: Inducible nitric oxide
synthase, TNF-α: Tumor necrosis factor alpha, IFNγ: Interferon gamma,
NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells,
TLR: Toll like receptor, TLR4: Toll like receptor, TRIF: Tir-domain-
containing adapter-inducing interferon-β, TRAF6: Tumor necrosis
factor receptor associated factor 6, IKKβ: Inhibitor of kappa beta

kinase, MyD88: Myeloid differentiation primary response 88, Akt:
Protein kinase B (PKB), mTOR: Mammalian target of rapamycin, IGF-
1R: Insulin-like growth factor 1 receptor, IRAK1: Interleukin-1 receptor-
associated kinase 1, IRAK4: Interleukin-1 receptor-associated kinase 4,
TAK1: Transforming growth factor-beta-activated kinase 1, TIRAP: TIR
domain containing adaptor protein, TRAM: Translocating Chain-
Associated Membrane Protein, RIP: Receptor-Interacting Protein,
IKKα: Inhibitor of kappa alpha kinase, IKKγ: Inhibitor of kappa gama
kinase, PI3K: Phosphatidylinositol-3 kinase, IGF-1: Insulin-like growth
factor 1. pCREB: phosphorylated cAMP response element binding
protein, CREB: CAMP responsive element binding protein. ↓: decrease,

↑: increase, : inhibit
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(Table 2, Fig. . 2). In MDA-MB-231 cells, genistein sup-
pressed the protein levels of MEK5, total extracellular
signal-regulated kinase 5 (ERK5) and phospho-ERK5 in a
dose-dependent manner [223]. In human breast adenocarcino-
ma cell line (MCF-7 cells), high dose of genistein triggered
apoptosis by activating the p38 MAPK through Ca2+ release
from the estrogen receptor [230]. Genistein can also induce
breast cell growth [231]. The stimulatory effects of genistein is
attributed to delayed and prolonged phosphorylation of
ERK1/2. Co-incubation ofMCF-7 cells with an ERK inhibitor
abolishes the endoplasmic reticulum transactivation, indicat-
ing that the MAPK/ERK signaling pathway is necessary for
the endoplasmic reticulum-mediated transcription [231].

The same stimulatory effects were observed in erbB-2-
transfected estrogen receptor positive MCF-7 cells treated
with low doses of genistein. These effects were due to the
enhanced activation of estrogen receptor, MAPK/ERK1/2
and PI3K/Akt signaling pathways, underlying that the close
estrogen receptor positive/erbB-2 cross-talk results in reduc-
ing apoptosis [232]. Therefore, isoflavones and in particular,
genistein, can participate in several pathways involved in cel-
lular apoptosis and survival regulation.

Effects of soy Isoflavones on ROS and DNA damage Plethora
data anticipated that ROS can induce epigenetic alterations or
stimulate several growth-promoting signaling pathways such
as PI3K/Akt, ERK1/2, MAPK/ERK or EGFR, resulting in
mitochondrial dysfunction and DNA damage in IBS
(Table 2, Fig. 2) [233, 234].

Higher ROS level and greater DNA damage are a result of
the estrogen activity, majorly mediated by the estrogen recep-
tor dependent mechanisms [235]. More precisely, the high
estrogen receptor/estrogen receptor ratio determines the oxi-
dative status, in response to estrogen. Alike estrogen, genis-
tein modulates oxidative stress according to the estrogen
receptor/estrogen receptor ratio [236, 237]. It was stated that
genistein modulated the cellular oxidative profile, either by
supporting ROS accumulation or by decreasing the antioxi-
dant defense, hence, inducing the cell death. For example, in
MCF-7 cells, genistein at high doses decreased the expression
of antioxidant enzymes such as CuZnSOD, MnSOD and
thioredoxin reductase (TrxR), also upregulated the GPx

expression. Consequently, the extent of cellular oxidative
stress changes, triggering apoptosis and autophagy induction
[238].

Upon ROS accumulation, cells undergo irreversible DNA
damage and death [239]. In addition, genistein suppressed the
cytochrome enzymes CYP1A1 and CYP1B1, reducing the
oxidative DNA damage and cell death in IBS models, also
increased the QOL scores [240, 241].

Baicalin

Baicalin is a flavonoid isolated from Scutellaria baicalensis
Georgi, and is known to have pro-inflammatory and aldose
reductase inhibitory activities [59] (Table 2, Fig. 2). It was
shown that treatment with baicalin (20 and 40 μmol/L), sig-
nificantly decreased the percentage of CD4+CD29+ cells [59].
This natural compound is suggested as a potential immune
inhibitor and could be helpful to control the inflammatory
responses and enhanced the QOL scores [240].

Effects of Baicalin on the expression of p-STAT4/STAT4,
p-STAT6/STAT6 and p-NK- κβ /NK-κβ

Randomized clinical trial showed that the phosphorylated sig-
nal transducer and activator of transcription protein (p-STAT)
4/STAT4 is a great regulator of immune reactions. Baicalin at
40 and 20 μmol/L significantly increased the p- Nk-kβ/Nk-kβ
compared with control in IBS subjects, nonetheless, the p-
STAT6/STAT6 were downregulated. The concentrations of
IL-6, IFN-γ and IL-5 were significantly lowered, whereas,
the concentrations of IL-4, IL-10 and transforming growth
factor beta 1 (TGF-β1) were elevated [59] (Table 2, Fig. 2).

AnthocyaninsAnthocyanins are secondary metabolite belong-
ing to an important class of flavonoids. These colored flavo-
noid derivatives are commonly found in plant kingdom.
Anthocyanins are classified into six major compounds;
cyanidin, delphinidin, malvidin, pelargonidin, peonidin and
petunidin, depending on the flavylium B-ring. The antimicro-
bial, antioxidative, anti-inflammatory, and anti-mutagenic
properties of anthocyanins have been reviewed extensively
[242] (Table 3, Fig. 2).

Table 4 In vitro studies on beneficial effects of polyphenols for the prevention and treatment of IBS

Preparations/Routes of administration
Treatment & control groups

Study design (in vitro) Results References

Curcumin Hepatic stellate HSC-T6 cells 1-Protection against GO-induced oxidative stress
2-Promotion of nuclear translocation of Nrf2
3-GO-induced smooth muscle α-actin (α-SMA)

expression & secretion of extracellular matrix (ECM)↓
4-Abdominal pain & the discomfort score of IBS patients ↓

[208]
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It was demonstrated that anthocyanins reduced the COX-2
level in the colon and visceral adipose tissue, also lowered the
mRNA level of IL-1β in the visceral adipose tissue and IL-6
in the colon [243].

Anthocyanins mediated inflammatory process via TLR4

TLRs belong to the family of type I transmembrane receptors,
a class of pattern recognition receptors (PRRs) presented in
various cell types of cells, alike epithelial and immune cells.
Both the epithelial and immune cells involve in tolerance to
the complex of gut microflora, and mediate the inflammatory
responses against invading pathogens [244–246].

TLRs are crucial to distinguish the invader pathogens and
to induce the immune responses, mainly through the recogni-
tion of a variety of pathogen-associated molecular patterns
(PAMPs), among which the LPS, peptidoglycans and lipopro-
teins are the most important types [246–248].

TLR4, a member of TLRs activated by LPS and non-
agonist bacterial compounds such as saturated fatty acids,
leading to the activation of NF-κβ and production of pro-
inflammatory IL-6, IL-1β and TNF-α [244, 248, 249]. The
activation of TLR4 dimerizes itself and triggers the production
of pro-inflammatory cytokines and IF- type 1 that could be
blocked by anthocyanins and improve IBS symptoms [244,
246, 250] (Table 3, Fig. 2).

Quercetin Quercetin is an abundant flavonol metabolite (pri-
marily as quercetin glycosides), distributed in a wide variety
of plant species [251] (Table 3, Fig. 2). Quercetin was shown
to inhibit the intestinal motor function of IBS rats with diar-
rhea [252], also improved the defecation function. In IBS rats,
this flavonoid inhibited the enterospasm-induced intestinal
hyperactivity by antagonizing the calcium channel competi-
tively and by reducing the colonic motility in a dose-
dependent manner [252, 253]. Quercetin relieved the colorec-
tal distension-induced visceral pain by suppressing the extra-
cellular signal regulated protein kinase pathway [252, 253].

In vivo rat model, low, moderate or high concentrations of
quercetin significantly decreased the AWR responses. A lower
content of calcitonin gene-related peptide (CGRP) was ob-
served in quercetin treated group as compared with the normal
group. The CGRP content increased, once treated with
‘Chang-Kang-Fang formula’ (containing quercetin) (Table 3)
[109].

Treatment with quercetin significantly reversed the vasoac-
tive intestinal polypeptide (VIP) value in IBS rats. The amount
of 5-HT and substance P were significantly enhanced in mid-
dle (1.3 g/kg/d) and high doses (5.0 g/kg/d) quercetin treated
groups in the normal group. In damagedmucous epithelium of
rats, following quercetin treatment, the inflammatory cells
were decreased dose-dependently. The gastric nuclide reten-
tion rates and the intestinal propulsion were significantly

lower in quercetin treated groups at both middle and high
concentrations [109, 254, 255].

Quercetin is an antioxidant agent and one of the most po-
tent scavenger of ROS, superoxide [256, 257], NO [258] and
peroxynitrite [259]. Quercetin was shown to inhibit the LPS-
induced inflammatory mediators such as TNF-α, and IL-1β
cytokines in glial cells [260, 261], and the IL-8 productions in
macrophages [262]. It was evident that in the same cell line,
pretreatment of quercetin inhibited the iNOS mRNA, iNOS
protein, NO production, TNF-α, IL-1β and IL-6 [263].

Quercetin has also been exhibited to inhibit IgE-mediated
release of histamine, tryptase and the gene expression/
production of known inflammation signaling agents such as
TNF-α, IL-1β, IL-6 and IL-8 in PMA in calcium ionophore-
stimulated cultured human mast cells [264]. Quercetin
inhibited the iNOS mRNA and NO production in LPS/
IFN-γ-activated macrophage cells [265, 266].

The administration of quercetin prevented the NF-κB acti-
vation through the stabilization of the NF-κB/IκB complex,
inhibiting the IκB degradation, and reducing the pro-
inflammatory cytokines and NO/iNOS expressions in RAW
264.7 macrophages. In human mast cells, quercetin potently
downregulated the NF-κB/DNA binding activity induced by
PMA and calcium ionophore, although the binding activity of
AP-1 did not changed [150, 256]. In the same model, querce-
tin attenuated the PMA- and A23187-induced phosphoryla-
tion of p38 MAPK, but not JNK or ERK [262, 264]. In con-
trast, in an LPS-induced macrophage model, quercetin
blocked the activation of phosphorylated ERK kinase and
p38 MAPK, but not JNK MAPK [264]. As a result, quercetin
can be used as an anti-inflammatory and anti-oxidative candi-
date for treating IBS and the compound can improve the QOL
scores.

Conclusion

Clinical trials, in vitro and pre-clinical studies support the
effects of polyphenols in IBS improvement from different
plant sources, of which several were characterized by accept-
able safety and efficacy profiles. Given the clear potential for
polyphenols, these bioactive agents can prevent certain dis-
ease such as cancer [267], cardiovascular disease, hyperten-
sion [268], type 2 diabetes [269], Alzheimer diseases [270]
and gastrointestinal disorders [271], also they have shown
health promoting qualities. Although plethora evidence prov-
en that natural polyphenols, singly or in combination, are safe
to be consumed, there are considerable data indicating that
polyphenols at high concentrations can possibly cause adverse
effects through their pro-oxidative effects [271]. Taking into
account, the anti-inflammation and anti-oxidative mecha-
nisms of such polyphenols could be utilized as adjuvant ther-
apy in patients diagnosed with IBD, either alone or along with
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the conventional medicaments, to reduce the incidence of ad-
verse effects or to overcome the drug resistance. Well-
designed clinical trials are suggested to confirm the benefits
of polyphenols as a part of IBS therapy regimens. Molecular
structures of the active polyphenols should also be considered
as a skeleton, which could be modified with synthetic manip-
ulations to reach more potent IBS drugs.
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