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Introduction  

The gut microbiota (GM) is a term for the collection of mi-
crobes (Bacteria, Eukarya, and Archaea) that are inhabitants of the 
human gastrointestinal tract and regulate the physiological func-
tions of the host.1,2 The communication of bacteria, both with one 
another as well as with the host gut epithelium, can regulate host 
immunity, nutrition, digestion, and overall health (Fig. 1). How-
ever, certain diseases can disrupt, and even cause the gut microbiota 
towards involvement in both the intestinal and extra-intestinal dis-
ease process.1 In recent years, reports have indicated that GM is not 

only critical to brain behavior and cognitive function but also that 
the brain communicates with the gut to maintain gut homeostasis.2,3 
This bidirectional communication is known as the GM-brain axis.

Recent research has focused on the GM-brain axis crosstalk 
in the mechanisms of health maintenance and disease.1-5 Both 
neuronal and non-neuronal (hormones and the circulation, for 
example) mechanisms are involved in the communication between 
the brain and gut to regulate health and modulate induced stress.3,6 
Imbalance of GM which known as gut dysbiosis lead to unhealthy 
outcome and can indirectly promote the incidence of diseases such 
as stroke, mental disorders, hypertension, metabolic disorders, 
atherosclerosis, aging, and vascular dysfunction.2,3 Nutrients such 
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The gut-brain axis describes the bidirectional communication between the gut, the enteric nervous system, and the central nervous 
system. The gut-brain axis has attracted increasing attention owing to its regulatory effect on dysbiosis and a wide range of related 
diseases. Several types of nutrients, such as curcumin, have been proposed as regulators of the dysbiotic state, and preclinical 
experiments have suggested that curcumin is not only beneficial but also safe. This review focuses on the interplay between curcumin 
and the gut microbiota. Moreover, it provides a comprehensive review of the crosstalk between the gut-brain axis and disease, 
whilst also discussing curcumin-mediated gut-brain axis-dependent and -independent signaling about modulation of gut microbiota 
dysbiosis. This will help to define the utility of curcumin as a novel therapeutic agent to regulate intestinal microflora dysbiosis. 
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as curcumin have demonstrated the ability to reverse the dysbiotic 
state of the intestinal microflora back to a healthy state.7 

Curcumin, C21H20O6, is a crystalline yellow polyphenolic com-
pound (MW: 368.39 g/mol) of the turmeric or Curcuma longa 
L. rhizome (Zingiberaceae); it accounts for 2-8% of turmeric sub-
stances and possesses anti-inflammatory, anti-atherosclerotic, neu-
roprotective and metabolic disorder-modulatory effects.7-17 It can 
be modified chemically and conjugated with glucuronide and O-
sulfate by the gut microbiota to exert its beneficial effects.7,18 Indeed, 
the gut microbiota directly interacts with curcumin to produce 
small catabolites that can be absorbed through the intestinal wall, as 
confirmed by the high concentration of curcumin in the gut after 
oral administration.18,19 In addition, curcumin influences the gut 
microbiota by promoting the growth of beneficial bacterial strains, 
improving microbial richness and diversity as well as enhancing 
intestinal barrier function. Therefore, there is a pivotal interplay be-
tween gut microbiota and curcumin to promote health.18,19 

Curcumin also had beneficial effects on the gastric tissue of 
diabetic gastroparesis model rats, exhibiting anti-gastroparetic prop-
erties through improving ghrelin (a gut-brain peptide hormone) 
expression, thereby balancing energy and promoting gastrointesti-
nal motility in the presence of oxidative stress.20 Likewise, curcumin 
demonstrated a modulatory role on gastric emptying via enhanc-
ing stem cell factor/c-kit signaling (through reduction of oxidative 
stress) and the nuclear factor kappa B cascade in the stomach of a 
diabetic gastroparesis rat model.21 In fact, curcumin may be one of 
the non-invasive alternatives to the invasive oral endoscopic gastric 
myotomy procedure, whose efficacy has not been confirmed in the 

treatment of gastroparesis.22 
One-year administration of curcumin (3 g/day, orally) did not 

cause polyp regression in patients with familial adenomatous pol-
yposis.23 Other studies showed that curcumin (1%, 3%, and 5%) 
applied to peritoneal adhesions was not effective in treating post-
operative intra-abdominal adhesions in rats, in spite of decreasing 
levels of tumor necrosis factor alpha (TNF-α), high sensitivity C-
reactive protein, and isoprostane.24 In this review, we discuss the 
crosstalk between the gut-brain axis and its dysfunction in disease 
as well as the impact of curcumin as adjunctive therapy to modulate 
GM dysbiosis and gut/brain communication, leading to the allevia-
tion of disease. 

Methods  

A search strategy was done on preclinical (in vivo and in vitro) 
studies and clinical trials reporting the impact of curcumin on the 
gut-brain axis in disease modulation. Searches were conducted 
in PubMed, Scopus, and Google Scholar from January 2010 to 
December 2022. The terms “curcumin,” “gut-brain axis,” “gut mi-
crobiota-brain axis,” and “disease” were carried out using a search 
strategy.

Interplay Between Curcumin and the Gut 
Microbiota  

Two phenomena appear to play a crucial role in curcumin 
activity when interacting with gut microbiota: a direct influence of 
curcumin on gut microbiota and the effect of curcumin biotransfor-
mation by gut microbiota.19 Thus, not only do the gut microbiota 
influence curcumin, but curcumin and its metabolites also impact 
the gut microbiota.7,18,19 Curcumin accumulates in the gastroin-
testinal tract and exerts a regulatory effect primarily in the gut on 
the microbial richness, diversity, and composition of the intestinal 
microflora.7,19 Oral administration of curcumin can alter the di-
versity and composition of beneficial/pathogenic microbes such as 
increasing the abundance of Bifidobacterium and Lactobacilli, as 
well as reducing the abundance of Coriobacterales, Prevotellaceae, 
Enterococci, Enterobacteria, and Rikenellaceae strains.19,25

Conversely, the specific pharmacological and pharmacokinetic 
properties of curcumin are influenced by its absorption rate and 
digestion via gut microbiota such as Escherichia coli, Bifidobacteria 
pseudocatenulaum, Enterococcus faecalis, Bifidobacteria longum, 
Lactobacillus acidophilus, and Lactobacillus casei.7,18,19,25 Addition-
ally, analyses of human feces indicated that E. coli impacted cur-
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Figure 1. The beneficial effects of gut microbiota on the host system.
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cumin activity through a reduction pathway (metabolic reduction) 
via nicotinamide adenine dinucleotide phosphate-dependent cur-
cumin/dihydrocurcumin reductase (phase I metabolism). Almost 
24% of curcumin is degraded to its metabolites by fecal microflora 
during 24 hours of fermentation.7 In humans, 1-hour following 
high-dose oral administration, curcumin glucuronide conjugates, 
and curcumin sulfate conjugates (phase II metabolism) are found in 
blood, having been produced enzymatically by enterocytes and gut 
microbiota, leaving barely any intact curcumin remaining.17,24 Thus, 
in the intestine, curcumin is transformed into various forms such as 
dihydrocurcumin and tetrahydrocurcumin, as well as undergoing 
hydroxylation, demethylation, demethoxylation, acetylation, or the 
combination of these processes via several steps involving microbial 
enzymes which are regulated by the gut microbiota.18,19 Interest-
ingly, gut bacteria can convert inactive glucuronide-conjugated and 
sulfate O-conjugated curcumin to active metabolites to enhance its 
beneficial biological effects.18 

Gut-Brain Axis: Mechanism of Action and 
Therapeutic Targets in Disease  

Anatomically, there are strong bidirectional connections be-
tween the gut and the central nervous system (CNS), termed the 
gut-brain axis, that can support health or promote disease in the 
host.1 Communication between the gut microbiota and brain influ-
ences immunity, metabolism, and maintenance of the healthy state 
via impacts on neurons, hormones, blood, lymphatic vessels, im-
mune cells, and microbial compounds.3,26 This axis can promote 
disease via several pathways associated with inflammation, oxidative 
stress, circulation, and the nervous system.6 The gut-brain axis has 
been linked to the pathogenesis of neurodegenerative disorders 
including Alzheimer’s disease, autism, depression, Parkinson’s 
disease, multiple sclerosis, amyotrophic lateral sclerosis, and Hun-
tington’s disease.1 Similarly, gut-brain axis dysbiosis leads to dys-
regulated and harmful effects on immune cells and cellular metabo-
lism that can induce brain cancer through the neural, endocrine, 
lymphatic network, and immune pathways.27,28 Moreover, the gut-
brain axis can regulate cancer treatment-related psychoneurologi-
cal symptoms such as pain, depression, anxiety, sleep disturbance, 
memory problems, cognitive dysfunction, and fatigue via, for ex-
ample, cytokine Toll-like receptor 4 (TLR4) cascades, interleukin-2 
(IL-2), interferon alpha, and TNF-α.28,29 Dysbiosis of the gut 
microbiota has been linked to colorectal cancer (Bacteroides fragilis, 
Streptococcus bovis, Helicobacter pylori, E. faecalis, E. coli, Clos-
tridium septicum, and Fusobacterium spp.).30 Also, inflammatory 

bowel disease (IBD)5 and irritable bowel syndrome (IBS) increase 
facultative anaerobes and decrease obligate anaerobes bacteria5 by 
stimulating certain areas of the CNS, the autonomic nervous sys-
tem, neuropeptides, neurotransmitters, hormones, enterochromaffin 
cells, interstitial cells of Cajal, smooth muscle cells, epithelial cells, 
and enteric neurons.30 Moreover, a multi-omic analysis study indi-
cated that microbiota dysbiosis is a key characteristic of eosinophilic 
esophagitis pathogenesis. The results of this study showed that 
abundant Proteus vulgaris, Sulfodiicoccus acidophilus, Streptococ-
cus mitis, and Hemophilus parainfuenzae were increased in the 
blood in eosinophilic esophagitis, while the Nitrosopumilus sp. K4 
was decreased; Staphylococcus aureus, Malassezia restricta, and 
Plasmodium knowlesi were unchanged.31 

Additionally, the gut microbiota-brain axis may lead to heart 
disease and vascular dementia. The GM does affect the heart and 
the brain via gut-brain axis as a shunt in the complex disease such 
as coronary heart disease and Alzheimer’s disease, where vascular 
links them.32 Moreover, the gut-brain axis may exert influence by 
promoting the production of trimethylamine-N-oxide and diffus-
ible bioactive gases such as hydrogen (H2), hydrogen sulfide (H2S), 
and oxygen (O2) that have crosstalk with gut microbes.32 A recent 
pilot clinical trial in women indicated that cardiac vagal activity cor-
related closely with gut microbiota and the gut-brain axis via the 
vagal nerve; additionally, vagal activity correlated inversely with 
inflammatory parameters.33 Clostridia, Lachnospira, Ruminococa-
ceae, Faecalibacterium, Lactobacillales, and Streptococcaceae were 
more abundant microbial species in subjects with higher cardiac 
vagal activity.33 Therefore, the gut microbiota represents a promis-
ing candidate for controlling disease and a noninvasive predictor of 
prognosis.

Disease Modulation Activity of Curcumin on 
the Gut-Brain Axis (Preclinical and Clinical)  

Central Nervous System
Curcumin has beneficial effects on the nervous system and 

exhibits neuroprotective properties through regulation of the gut-
brain axis, via activation of the vagal nerve with the release of 
acetylcholine (ACh) in the presence of inflammatory or oxidative 
stress.34-36 Likewise, curcumin directly/indirectly demonstrated a 
neuroprotective role via increasing antioxidant capacity through 
elevations in superoxide dismutase and catalase activity as well as 
anti-inflammatory effects via inducing nitric oxide and regulating 
reactive oxygen species in neurons (Fig. 2).18 
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Curcumin positively affects multiple pathways in Parkinson’s 
disease (PD) treatment such as the inhibition of α-synuclein ag-
gregation,37,38 an increase in tyrosine hydroxylase, and reduction of 
N-acetylneuraminate degradation,34 along with its influence on gut 
microbiota. Some in vivo studies have indicated that the protective 
effect of curcumin on neurodegenerative diseases and PD occurs 
through the regulation of the gut microbiota by curcumin (Table). 
In the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) 
mouse model, curcumin at all applied doses (40, 80, 160 mg/kg/
day) improved dyskinesia and motor dysfunction, such as pole 
climbing time, suspension score and total distance moved, in PD 
mice.34 The neuroprotective effects of curcumin, especially at higher 
doses, were effected through an increase in tyrosine hydroxylase-
positive and dopamine-positive neurons, which could indicate the 
functional status of dopamine neurons, cell wrinkling, vacuolar de-
generation, and cell survival.34 Furthermore, curcumin also modu-
lates the dysregulation of gut microbiota composition and prevents 
PD dose-dependently by reducing the relative abundance of Pates-
cibacteria, Enterobacteriaceae, and Enterococcaceae and increasing 
the relative abundance of Eubacteriaceae, Rikenellaceae, Prevotella-
ceae, Anaeroplasmataceae, Eggerthellaceae, Ruminococcaceae, and 
Burkholderiaceae.34 Notably, at higher doses, curcumin decreased 
N-acetylneuraminate degradation, diminished α-synuclein accu-
mulation, and exerted antioxidant activity, thereby protecting against 
PD and neurotoxicity.34 Recent research showed that curcumin 

(100 mg/kg/day) modulated the gut microbiota metabolite axis and 
suppressed the progression of PD, as indicated by improvements 
in motor deficits, glial cell activation, and α-synuclein aggregation 
in the MPTP mouse model.38 Analysis showed that curcumin 
reduced the abundance of Aerococcaceae and Staphylococcaceae 
whilst enhancing Muribaculaceae, Lactobacillaceae, Lachnospi-
raceae, and Eggerthellaceae. In parallel with the gut microbiota 
alterations, a significant relationship was found between curcumin 
metabolites and the neuroprotective effects of curcumin in PD, 
where curcumin increased the levels of tyrosine, dopa, methionine, 
sarcosine, and creatine. Tyrosine is strongly related to motor func-
tion and Lactobacillaceae, Aerococcaceae, and Staphylococcaceae 
genera in the gut flora whilst, by contrast, sarcosine and creatine 
are negatively associated with Staphylococcaceae. Taken together, 
curcumin promoted tyrosine-dopa metabolism to elevate dopamine, 
thereby regulating the gut microbiota and activating the gut-brain-
metabolic axis for PD prevention.38 Interestingly, curcumin exerts 
anti-neuroinflammatory effects in PD by diminishing TNF-α, IL-
1β, IL-6, IL-4, glial fibrillary acidic protein, as a marker of astro-
cytes, and ionized calcium-binding adaptor molecule 1, as a marker 
of microglia. Finally, curcumin inhibited α-synuclein aggregation, a 
PD-specific pathological hallmark in MPTP-induced PD mice.38 

Cardiovascular
In addition, curcumin at 100 mg/kg can ameliorate hyperten-

Curcumin accumulation in large intestine,

: metabolic

reduction (phase I), deconjugate

glucuronide and sulfate O-conjugated

inactive metabolites (phase II)

GM effects on curcumin

Neuro-endocrine-immune

Dysbiosis (inflammatory

cytokines, microbial metabolites,

neuromodulators, dietary

fermentation)

ANS, ENS, HPA axis

Turmeric

Regulate

Gut-brain axis
Activate
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Brain

Gut
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Anti-hypertension
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Figure 2. Impact of curcumin on gut-brain axis for disease management. GM, gut microbiota; ANS, autonomic nervous system; ENS, enteric 
nervous system; HPA axis, hypothalamic-pituitary-adrenal axis; PD, Parkinson’s disease; IBD, inflammatory bowel disease; IBS, irritable bowel 
syndrome.



413413

Curcumin and Gut-Brain Axis

Vol. 29, No. 4   October, 2023 (409-418)

Ta
bl

e.
 M

od
ul

at
or

y 
E

ffe
ct

s o
f C

ur
cu

m
in

 o
n 

th
e 

G
ut

-B
ra

in
 A

xi
s i

n 
D

ise
as

e

C
at

eg
or

y 
of

 d
ise

as
e

E
xp

er
im

en
ta

l m
od

el
D

os
e 

of
  

cu
rc

um
in

M
ai

n 
ob

je
ct

iv
e

D
os

e-
de

pe
nd

en
t  

pr
om

ot
ed

 b
ac

te
ria

 
M

ec
ha

ni
sm

R
ef

.

Pa
rk

in
so

n’
s d

ise
as

e
M

P
T

P
 m

ic
e

40
, 8

0,
 1

60
  

m
g/

kg
, I

P,
  

14
 d

ay

Im
pr

ov
ed

 m
ot

or
 d

ys
fu

nc
tio

n,
  

an
ti-

Pa
rk

in
so

n’
s d

ise
as

e,
 re

du
ce

d 
 

ne
ur

ot
ox

ic
ity

, p
ro

te
ct

ed
 d

op
am

in
e 

 
ne

ur
on

s, 
re

gu
la

te
d 

co
m

po
sit

io
n 

of
 g

ut
 

m
ic

ro
bi

ot
a,

 re
du

ce
d 

po
le

 c
lim

bi
ng

 ti
m

e,
 

in
cr

ea
se

d 
su

sp
en

sio
n 

sc
or

e,
 e

nh
an

ce
d 

to
ta

l d
ist

an
ce

, i
m

pr
ov

ed
 c

el
l w

rin
kl

in
g,

 
in

cr
ea

se
d 

va
cu

ol
ar

 d
eg

en
er

at
io

n,
  

im
pr

ov
ed

 c
el

l s
ur

vi
va

l

C
ya

no
ba

ct
er

ia
, A

ct
in

ob
ac

te
ria

,  
A

ci
do

ba
ct

er
ia

, F
irm

ic
ut

es
, 

Te
ne

ric
ut

es
, C

lo
st

rid
ia

le
s-

un
cl

as
sif

ie
d,

 R
ik

en
el

la
ce

ae
, 

Pr
ev

ot
el

la
ce

ae
, A

na
er

op
la

sm
at

a -
ce

ae
, E

gg
er

th
el

la
ce

ae
, E

ry
sip

-
el

ot
ric

ha
ce

ae
, R

um
in

oc
oc

ca
ce

ae
, 

B
ur

kh
ol

de
ria

ce
ae

, B
ac

te
ro

id
ac

ea
e, 

Ps
eu

do
m

on
ad

ac
ea

e,
  

So
lir

ub
ro

ba
ct

er
ac

ea
e

(+
) T

H
(–

) N
-a

ce
ty

ln
eu

ra
m

in
at

e 
 

de
gr

ad
at

io
n,

 a
n 

ab
un

da
nc

e 
of

  
Pa

te
sc

ib
ac

te
ria

,  
E

nt
er

ob
ac

te
ria

ce
ae

,  
E

nt
er

oc
oc

ca
ce

ae

34

In
fla

m
m

at
io

n 
C

ol
la

ge
n-

in
du

ce
d 

ar
th

rit
is 

in
 ra

t
10

0 
m

g/
kg

/d
ay

, 
or

al
ly,

 2
 w

k
B

al
an

ce
d 

sy
m

pa
th

et
ic

 a
nd

 p
ar

as
ym

pa
-

th
et

ic
 to

ne
s, 

in
cr

ea
se

d 
va

gu
s n

eu
ro

na
l 

ex
ci

ta
bi

lit
y, 

an
ti-

ar
th

rit
ic

, i
nc

re
as

ed
 

ch
ol

in
er

gi
c 

fu
nc

tio
n,

 in
cr

ea
se

d 
bo

dy
 

w
ei

gh
t, 

de
cr

ea
se

d 
ar

th
rit

is 
in

de
x 

sc
or

es
, r

ed
uc

ed
 h

in
d 

pa
w

s s
w

el
lin

g,
 

an
ti-

in
fla

m
m

at
or

y, 
de

cr
ea

se
d 

(in
fla

m
-

m
at

or
y 

ce
ll 

in
fil

tr
at

io
n,

 sy
no

vi
al

  
hy

pe
rp

la
sia

, c
on

ge
st

io
n,

 p
an

nu
s  

fo
rm

at
io

n,
 c

ar
til

ag
e,

 a
nd

 b
on

e 
er

os
io

n)

-
(+

) C
hA

T,
 V

A
C

hT
, S

D
N

N
, 

R
M

SS
D

, H
F,

 I
L

-1
0,

 T
G

F-
β,

 
rh

eo
ba

se
, s

pi
ke

 fr
eq

ue
nc

y 
(–

) L
F

/H
F,

 T
N

F-
α

, I
L

-1
β,

 
IL

-1
7A

, I
L

-6
, f

irs
t s

pi
ke

  
la

te
nc

y, 
m

em
br

an
e 

po
te

nt
ia

l

35

H
yp

er
te

ns
io

n
Sp

on
ta

ne
ou

sly
 h

yp
er

te
ns

iv
e 

ra
t

10
0,

 3
00

 m
g/

kg
, 

on
ce

 e
ve

ry
 2

 
da

y, 
in

tra
ga

s -
tri

c,
 1

2 
w

k

D
ec

re
as

ed
 b

lo
od

 p
re

ss
ur

e,
 a

m
el

io
ra

te
d 

ca
rd

ia
c 

hy
pe

rt
ro

ph
y, 

re
du

ce
d 

ne
ur

o -
in

fla
m

m
at

io
n,

 in
hi

bi
te

d 
ox

id
at

iv
el

y 
st

re
ss

, r
es

ha
pe

d 
gu

t m
ic

ro
bi

ot
a 

 
co

m
po

sit
io

n,
 a

tte
nu

at
ed

 sy
m

pa
th

et
ic

 
ac

tiv
ity

, a
nt

i-i
nf

la
m

m
at

or
y, 

en
ha

nc
ed

 
gu

t-
br

ai
n 

co
m

m
un

ic
at

io
n 

L
ac

hn
os

pi
ra

ce
ae

_N
K

4A
13

6_
gr

ou
p,

 
R

um
in

oc
oc

ca
ce

ae
_U

C
G

_0
05

, 
R

um
in

oc
oc

ca
ce

ae
_U

C
G

_0
14

, 
R

um
in

oc
oc

cu
s_

1,
 a

nd
 R

os
eb

ur
ia

(+
) b

ut
yr

at
e,

 G
P

R
 4

3,
 C

ha
o1

 
ric

hn
es

s, 
sh

an
no

n 
di

ve
rs

ity
, 

la
ch

no
sp

ira
ve

ae
_N

K
4A

13
6_

gr
ou

p,
 ro

se
bu

ria
, g

ob
le

t c
el

ls,
 

vi
lli

 le
ng

th
s, 

T
jp

1,
 O

cl
n,

 
C

ld
n4

(–
) S

B
P,

 M
A

P,
 H

W
/B

W
, L

V
W

/
BW

, F
irm

ic
ut

es
/B

ac
te

ro
id

et
es

, 
T

H
, n

or
ep

in
ep

hr
in

e,
 fi

br
ot

ic
  

ar
ea

, t
un

ic
a 

m
us

cu
la

ris
, T

N
F-
α

, 
IL

-1
β,

 I
L

-6
, T

L
R

4,
 T

L
R

2,
 

m
ic

ro
gl

ia
 (n

um
be

r a
nd

  
ac

tiv
at

ed
), 

gp
91

ph
ox

, p
22

ph
ox

36



414

Ayesheh Enayati, et al

Journal of Neurogastroenterology and Motility 414

Ta
bl

e.
 C

on
tin

ue
d

C
at

eg
or

y 
of

 d
ise

as
e

E
xp

er
im

en
ta

l m
od

el
D

os
e 

of
  

cu
rc

um
in

M
ai

n 
ob

je
ct

iv
e

D
os

e-
de

pe
nd

en
t  

pr
om

ot
ed

 b
ac

te
ria

 
M

ec
ha

ni
sm

R
ef

.

Pa
rk

in
so

n’
s d

ise
as

e
M

P
T

P-
in

du
ce

d 
m

ou
se

 
m

od
el

 o
f P

ar
ki

ns
on

’s 
 

di
se

as
e

25
, 1

00
, 4

00
 

m
g/

kg
/d

ay
, 

in
tr

ag
as

tr
ic

,  
4 

w
k

Im
pr

ov
ed

 m
ot

or
 d

ef
ic

its
, g

lia
l c

el
l 

ac
tiv

at
io

n,
 a

nd
 th

e 
ag

gr
eg

at
io

n 
of

 
α

-s
yn

uc
le

in
, n

eu
ro

pr
ot

ec
tio

n,
  

m
od

ul
at

ed
 g

ut
 m

ic
ro

bi
ot

a-
m

et
ab

ol
ite

 
ax

is,
 a

m
el

io
ra

te
d 

m
ot

or
 im

pa
irm

en
ts

 
an

d 
do

pa
m

in
er

gi
c 

ne
ur

on
al

 lo
ss

,  
su

pp
re

ss
ed

 n
eu

ro
in

fla
m

m
at

io
n

L
ac

hn
os

pi
ra

ce
ae

, L
ac

to
ba

ci
lla

ce
ae

(+
) T

yr
os

in
e,

 le
vo

do
pa

, m
et

hi
o-

ni
ne

, s
ar

co
sin

e,
 c

re
at

in
e,

 I
L

-1
0

(–
) α

-s
yn

uc
le

in
, T

N
F-
α

, I
L

-
1 β

, I
L

-6
, I

L
-4

, G
FA

P,
 I

ba
1,

 
A

er
oc

oc
ca

ce
ae

,  
St

ap
hy

lo
co

cc
ac

ea
e

38

In
fla

m
m

at
or

y 
bo

w
el

 
di

se
as

e
D

SS
-in

du
ce

d 
an

xi
et

y-
lik

e 
be

ha
vi

or
s i

n 
m

ic
e

10
0 

m
g/

kg
/

da
y, 

dr
in

ki
ng

 
w

at
er

, 8
 d

ay

In
cr

ea
se

d 
w

ei
gh

t, 
im

pr
ov

ed
 c

ol
on

 le
ng

th
, 

su
pp

re
ss

ed
 a

nx
ie

ty
-li

ke
 b

eh
av

io
rs

, 
re

pr
og

ra
m

ed
 g

ut
 m

ic
ro

bi
ot

a,
 c

ha
ng

ed
 

fe
ca

l m
et

ab
ol

ite
s, 

ch
an

ge
d 

pr
ef

ro
nt

al
 

co
rt

ex
 m

et
ab

ol
om

ic
s, 

im
pr

ov
ed

 m
ot

io
n 

tra
ck

s, 
M

ur
ib

ac
ul

ac
ea

e 
a k

ey
 co

m
po

ne
nt

 
of

 g
ut

 m
ic

ro
bi

ot
a-

br
ai

n 
ax

is

Fi
rm

ic
ut

es
, A

ct
in

ob
ac

te
ria

,  
C

ya
no

ba
ct

er
ia

m
, M

ur
ib

ac
u-

la
ce

ae
_u

nc
la

ss
ifi

ed
, B

ilo
ph

ila
, 

B
ac

te
ro

id
es

(+
) T

ot
al

 d
ist

an
ce

, c
en

te
r d

is-
ta

nc
e,

 c
en

te
r t

im
e,

 o
pe

n 
ar

m
 

en
tr

y, 
tim

e 
in

 th
e 

op
en

 a
rm

, 
al

ph
a 

di
ve

rs
ity

 in
de

xe
s, 

B
ac

te
-

ro
id

et
es

, D
ei

no
co

cc
us

-T
he

r-
m

us
, M

ur
ib

ac
ul

ac
ea

e_
un

cl
as

-
sif

ie
d,

 P
hy

lu
m

 F
irm

ic
ut

es
, 

ge
ne

ra
 K

in
eo

th
rix

, g
en

er
a 

O
do

rib
ac

te
r

(–
) R

um
in

oc
oc

ca
ce

ae
_u

nc
las

sif
ied

, 
B

ac
te

ro
id

es

39

Ir
rit

ab
le

 b
ow

el
  

sy
nd

ro
m

e
Ir

rit
ab

le
 b

ow
el

 sy
nd

ro
m

e 
ra

ts
10

, 2
0,

 4
0 

 
m

g/
kg

/d
ay

, 
p.

o,
 2

1 
da

y

D
ec

re
as

ed
 im

m
ob

ili
ty

 ti
m

e 
an

d 
nu

m
be

r 
of

 b
ur

ie
d 

m
ar

bl
es

, r
ed

uc
ed

 fe
ca

l o
ut

-
pu

t, 
di

m
in

ish
ed

 A
W

R
 re

sp
on

se
, a

m
e-

lio
ra

te
d 

th
e 

de
pr

es
siv

e-
 a

nd
 a

nx
ie

ty
-

lik
e 

be
ha

vi
or

s, 
an

ti-
ir

rit
ab

le
 b

ow
el

 
sy

nd
ro

m
e

-
(+

) H
ip

po
ca

m
pu

s:
 5

-H
T,

 
B

D
N

F,
 p

-C
R

E
B

/C
R

E
B

(–
) H

ip
po

ca
m

pu
s:

 5
-H

IA
A

/5
-

H
T

 
C

ol
on

: 5
-H

T,
 B

D
N

F,
  

p-
 C

R
E

B
/C

R
E

B

40

D
ep

re
ss

io
n 

 
(L

ac
tic

as
ei

ba
ci

llu
s 

rh
am

no
su

s  
G

G
,  

gl
ut

am
in

e,
 c

ur
cu

m
in

)

C
hr

on
ic

 u
np

re
di

ct
ab

le
 m

ild
 

st
re

ss
-in

du
ce

d 
de

pr
es

sio
n 

in
 m

ou
se

1.
2 

m
g,

 o
ra

l, 
 

21
 d

ay
Su

pp
re

ss
ed

 a
nx

ie
ty

 a
nd

 d
ep

re
ss

io
n,

 
de

cr
ea

se
d 

tim
e 

sp
en

t w
ith

 o
pe

n 
ar

m
s, 

in
cr

ea
se

d 
im

m
ob

ili
ty,

 in
cr

ea
se

d 
tim

e 
in

 
th

e 
ce

nt
ra

l a
re

a,
 d

ec
re

as
ed

 ti
m

e 
sp

en
t 

cl
im

bi
ng

-
(+

) -
(–

) -
49

G
as

tr
oi

nt
es

tin
al

A
du

lts
 w

ith
 se

lf-
re

po
rt

ed
 

di
ge

st
iv

e 
co

m
pl

ai
nt

s 
(C

lin
ic

al
 tr

ia
l: 

A
C

-
T

R
N

12
61

90
01

23
61

89
)

50
0 

m
g/

da
y 

 
(c

ur
cu

m
in

  
ex

tra
ct

), 
8 

w
k

R
ed

uc
ed

 G
SR

S 
to

ta
l s

co
re

, d
ec

re
as

ed
 

D
A

SS
-2

1 
an

xi
et

y 
sc

or
e,

 in
te

st
in

al
 m

i -
cr

ob
ia

l p
ro

fil
e,

 a
nd

 S
IB

O
 te

st
 h

ad
 n

o 
sig

ni
fic

an
t e

ffe
ct

(+
) -

(–
) -

41

M
P

T
P,

 1
-m

et
hy

l-4
-p

he
ny

l-1
,2

,3
,6

-t
et

ra
hy

dr
op

yr
id

in
e;

 I
P,

 in
tr

ap
er

ito
ne

al
; 

D
SS

, d
ex

tr
an

 s
ul

fa
te

 s
od

iu
m

 s
al

t; 
G

SR
S,

 G
as

tr
oi

nt
es

tin
al

 S
ym

pt
om

 R
at

in
g 

Sc
al

e;
 D

A
SS

-2
1,

 D
ep

re
ss

io
n 

A
nx

ie
ty

 S
tr

es
s 

Sc
al

e 
21

; 
SI

B
O

, s
m

al
l i

nt
es

tin
al

 b
ac

te
ria

 o
ve

rg
ro

w
th

; 
T

H
, t

yr
os

in
e 

hy
dr

ox
yl

as
e-

po
sit

iv
e 

an
d 

do
pa

m
in

e;
 C

hA
T,

 c
ho

lin
e 

ac
et

yl
tr

an
sf

er
as

e;
 V

A
C

hT
, v

es
ic

ul
ar

 a
ce

ty
lc

ho
lin

e 
tr

an
sp

or
te

r;
 S

D
N

N
, s

ta
nd

ar
d 

de
vi

at
io

n 
of

 a
ll 

R
-R

 in
te

rv
al

s;
 R

M
SS

D
, r

oo
t o

f t
he

 m
ea

n 
of

 th
e 

su
m

 o
f t

he
 s

qu
ar

es
 o

f d
iff

er
en

ce
s 

be
tw

ee
n 

ad
ja

ce
nt

 R
-R

 in
te

rv
al

s;
 H

F,
 h

ig
h-

fr
eq

ue
nc

y 
po

w
er

; L
F,

 lo
w

-f
re

qu
en

cy
 p

ow
er

; G
P

R
43

, G
 p

ro
te

in
-c

ou
pl

ed
 r

ec
ep

to
r 

43
; T

jp
1,

 ti
gh

t j
un

ct
io

n 
pr

ot
ei

n 
1;

 O
cl

n,
 o

cc
lu

di
n;

 C
ld

n4
, c

la
ud

in
 4

; S
B

P,
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 M

A
P,

 m
ea

n 
ar

te
ria

l p
re

ss
ur

e;
 H

W
, h

ea
rt

 w
ei

gh
t; 

B
W

, b
od

y 
w

ei
gh

t; 
L

V
W

, l
ef

t v
en

tr
ic

le
 w

ei
gh

t; 
G

FA
P,

 g
lia

l 
fib

ril
la

ry
 a

ci
di

c 
pr

ot
ei

n;
 I

ba
1,

 io
ni

ze
d 

ca
lc

iu
m

-b
in

di
ng

 a
da

pt
or

 m
ol

ec
ul

e 
1;

 p
.o

., 
pe

r 
os

; 5
-H

T,
 5

-h
yd

ro
xy

tr
yp

ta
m

in
e;

 B
D

N
F,

 b
ra

in
-d

er
iv

ed
 n

eu
ro

tr
op

hi
c 

fa
ct

or
; p

-C
R

E
B

, p
ho

sp
ho

ry
la

tio
n 

of
 c

A
M

P
 r

es
po

ns
e 

el
em

en
t-

bi
nd

in
g 

pr
ot

ei
n;

 C
R

E
B

, c
A

M
P

 re
sp

on
se

 e
le

m
en

t-
bi

nd
in

g 
pr

ot
ei

n;
 5

-H
IA

A
, 5

-h
yd

ro
xy

in
do

le
ac

et
ic

 a
ci

d.
 



415415

Curcumin and Gut-Brain Axis

Vol. 29, No. 4   October, 2023 (409-418)

sion, a common pathology in cardiovascular disease, and improve 
dysregulation of the gut-brain axis via reshaping the composition 
of gut microbiota (Table).36 Curcumin reduces sympathetic activity 
and the Firmicutes/Bacteroidetes ratio through the downregulation 
of norepinephrine and tyrosine hydroxylase as well as upregulation 
of Chao1 richness and Shannon diversity. However, curcumin en-
hanced the levels of butyrate-producing bacteria such as the Lach-
nospiraceae_NK4A136_group, Ruminococcaceae_UCG_005, 
Ruminococcaceae_UCG_014, Ruminococcus_1, and Roseburia.36 

Furthermore, curcumin reduced the fibrotic area, collagen 
decomposition, and thickness of the tunica muscularis layer, along 
with promoting an increase in goblet cells and villi length. Quantita-
tive reverse transcription polymerase chain reaction analysis showed 
that curcumin attenuated the expression of TNF-α, IL-1β (as pro-
inflammatory cytokines), high-mobility group box 1 (as an inflam-
matory mediator) and Toll-like receptors (TLR2 and TLR4) in the 
small intestine. In addition, curcumin restored the mRNA levels 
of tight junction protein 1 and occludin in the intestine, which were 
reduced in spontaneously hypertensive rats.36 Conversely, curcumin 
diminished neuroinflammation through inhibition of TNF-α and 
IL-1β as well as decreasing oxidative stress by reducing superoxide 
anion mRNA levels of gp91phox and p22phox in the hypothalamus 
paraventricular nucleus (PVN) of spontaneously hypertensive rats. 
Curcumin also activated G protein-coupled receptor 43 (GPR43), 
a major binding receptor of butyrate, indicating that its antihyper-
tensive effect is exerted via the butyrate-GPR43 pathway in the 
PVN. Thus, curcumin’s antihypertensive effects are associated 
with the gut-brain axis and work through amelioration of gut-brain 
dysregulation; this occurs, at least partially, by the alternation of gut 
microbial composition to maintain intestinal homeostasis leading to 
suppression of neuroinflammation and oxidative stress with activa-
tion of GPR43 in the PVN of spontaneously hypertensive rats.36 

Inflammatory and Gastrointestinal Diseases
In inflammatory and GI disorders, such as arthritis, IBD, and 

IBS, curcumin can improve depressive- and anxiety-like behaviors 
and modulate the intestinal system through activation of the gut-
brain axis (Table).35,39,40 The balance of sympathetic and parasym-
pathetic tones plays a pivotal role in the treatment of inflammatory 
diseases.35,39,40 Curcumin may exert its anti-inflammatory effects 
through increasing vesicular ACh transporter and choline acetyl-
transferase in the gut, brain, and synovium to improve the inflam-
mation and arthritis.35 Using curcumin at 100 mg/kg/day for the 
treatment of collagen-induced arthritis in rats showed that curcumin 
prevented arthritis by balancing the sympathetic (reduction) and 

parasympathetic (increase) tones and increasing vagus nerve activ-
ity. However, curcumin only promoted ACh biosynthesis/transpor-
tation but did not affect ACh hydrolyzation or choline uptake in the 
gut or brain.35 Curcumin’s anti-arthritic effect is mediated by the α7 
nicotinic ACh receptor and the cholinergic anti-inflammatory path-
way causing a reduction in the levels of TNF-α, IL-1β, IL-6, and 
IL-17A as well as an increase in IL-10 and TGF-β markers. These 
findings indicate that curcumin’s anti-arthritic effects are mediated 
via the gut-brain axis and this could be a promising therapeutic ap-
proach for arthritis.35 

In the previous study, curcumin attenuated dextran sulfate so-
dium salt-induced anxiety-like behavior through the gut-brain axis 
via alleviating gut microbiota disturbances, especially regulation of 
Muribaculaceae, and increasing phosphatidylcholine, a biomarker 
of psychiatric disorders, in the prefrontal cortex. Additionally, cur-
cumin ameliorated systemic disorders of lipid metabolism triggered 
by dextran sulfate sodium salt by diminishing glycerophospholipid 
metabolism of the gut-brain axis.39 Moreover, in IBS rats, curcumin 
showed a significant reduction in behavior and function, abdominal 
withdrawal reflex score, and the frequency of fecal output in IBS 
rats. In the hippocampus, curcumin increased the levels of sero-
tonin, brain-derived neurotrophic factor (BDNF), and phosphory-
lation of cAMP response element-binding protein (pCREB) dose-
dependently; by contrast, curcumin decreased serotonin, BDNF 
and pCREB in the colon. Hence, curcumin exhibited an enhance-
ment in the visceral nociceptive response, and antidepressant- and 
anti-anxiety-like effects by regulating serotonin and its downstream 
pathways in both the hippocampus and intestinal system.40

Clinical Trials 
Furthermore, one clinical trial reported that curcumin extract 

(500 mg, Curcugen) improved digestive complaints and anxiety 
levels as assessed by a reduction in symptoms such as abdominal 
pain, reflux, diarrhea, indigestion, and constipation using the Gas-
trointestinal Symptom Rating Scale, and a reduction in the Depres-
sion Anxiety Stress Scale 21 (Table).41 However, there were not 
any significant changes in selected gut microbiota diversity between 
curcumin and placebo groups including Bacteroidetes (phyla), 
Firmicutes (phyla), Clostridia (class), Enterobacteriaceae (family), 
Bacteroides (genus), Clostridiales (genus), Faecalibacterium (ge-
nus), and Bifidobacterium (genus) (significant bacteria associated 
with IBS). However, the Shannon and Simpson index showed a 
statistically significant difference between the groups at the genus 
level, with curcumin decreasing the Shannon diversity index.41 It 
can be postulated that curcumin extract leads to attenuation of di-
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gestive complaints and anxiety levels and is thus ultimately protec-
tive against symptoms through a difference in gut microbiota diver-
sity at the genus level and/or may affect other intestinal bacteria. 

Recently, functional gastrointestinal disorders have been bet-
ter known as Disorders of Gut–Brain Interaction (DBGI); these 
disorders are a group of non-structural abnormalities and include 
IBS and chronic gastrointestinal diseases.42-44 The pathophysiology 
of DBGI is associated with psychological stress, diet and microbiota 
alterations.43 In fact, DGBI is indicative of the brain-gut connec-
tion and the complex interplay between central and peripheral ner-
vous system and gastrointestinal alterations.42 Likewise, this study 
showed that the level of histamine-producing bacteria (such as En-
terobacter aerogenes, Raoultella ornytolytica, Morganella morganii, 
and Lactobacilli) was increased in the GM of patients with IBS/
IBD and asthma.43 In addition, one case control study showed that 
IBS is independently linked to small intestinal bacteria overgrowth 
(SIBO)45 and another study showed that patients with IBS and 
concomitant SIBO has more severe symptoms and impaired quality 
of life.46

Moreover, a clinical study reported that combination therapy of 
curcumin (500 mg) and famotidine (40 mg) for 30 days significant-
ly reduced the severity of functional dyspepsia and the frequency of 
H. pylori infection in patients with functional dyspepsia.47 Another 
study indicated that supplements containing curcumin (17-23% w/
w) and boswellia extracts (7-11% w/w) diminished bloating, ab-
dominal pain and indican values and enhanced global assessment of 
efficacy after 30 days of intervention in patients with IBS or small 
bowel dysbiosis.48

However, microbial diversity may be affected by gastrointestinal 
or other disorders (such as IBS and IBD), and can cause dysbiosis 
in the gut, which could be utilized as a marker of disease or other 
disorders such as inflammation. Oral administration of curcumin 
can alter the diversity of beneficial or pathogenic bacteria accord-
ing to the dose, duration of treatment or formulation. In addition, 
curcumin and its metabolites may have a direct impact on neurons, 
hormones, blood, lymphatic vessels, and immune cells; thus, it is 
likely that the direct and indirect effects of curcumin (gut-brain axis) 
act together synergistically to modulate disease and improve host 
health. Further research is needed using more accurate testing meth-
ods to determine curcumin’s beneficial effects on the gut-brain axis 
and the synergism of its direct or indirect effects. In addition, whole-
genome sequencing should be employed to provide a more detailed 
analysis of gut microbiota in the presence of curcumin, together with 
an evaluation of standard curcumin administration compared to ex-
perimental doses and formulations for each disease state.

Limitations  

Some limitations of this review include the lack to date of avail-
able animal and clinical studies related to curcumin’s effects on the 
gut-brain axis and the difficulty of generalizing animal studies to 
the clinic; secondly, there is insufficient evidence as investigation of 
gut microbiota profiles in the available studies has been inadequate. 
Finally, evaluation of the pharmacokinetic characteristics and bio-
availability of curcumin about gut microbiota interaction (and vice 
versa) is lacking, so information to guide dosage and treatment 
regimen is required. Thus, further preclinical and clinical investiga-
tions to delineate the interplay of curcumin on the gut-brain axis are 
required to manage diseases with a known mechanism of action and 
to understand the impact on intestinal bacterial diversity and effec-
tive dosing. 

Conclusions and Outlook  

Based on the beneficial effects of curcumin on health- promo-
tion, disease management, and its wide application as a spice in daily 
food, this review has sought to understand the interplay between 
curcumin and the gut-brain axis in multiple diseases, mainly based 
on available in vivo experimental models (Table).49 The findings 
presented here indicate that curcumin has promising potential, with 
acceptable efficacy, as a regulator of the gut-brain axis in several dis-
eases associated with GM dysbiosis. In addition, curcumin can not 
only act as a treatment but is also able to interact with intestinal mi-
croflora in dysbiosis to target microbiota activation or suppression, 
thereby enhancing its therapeutic effect through the production of 
more active metabolites and better pharmacokinetics. 

It would be expected that, in the not-too-distant future, exten-
sive research will utilize the gut microbiota as a biomarker for the 
diagnosis or treatment of many diseases, and that curcumin and 
other natural products will act as agents to treat dysbiosis-associated 
diseases. However, at present, there is a lack of clinical trials to as-
sess curcumin’s impact on the gut-brain axis and dysbiosis. Further 
in vitro and in vivo studies, followed by clinical trials with optimally 
selected patients, together with advanced analytical techniques to 
enable understanding of microflora composition modifications in 
response to curcumin treatment, are needed. Furthermore, more 
research on the metabolic pathways and enzymes involved in cur-
cumin’s mechanism of action is needed. Finally, the impact of cur-
cumin on the gut-brain axis in managing disease may lead to new 
strategies to protect health through gut microbiota modulation and 
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may represent a novel therapeutic use for curcumin.
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