[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

~

REVIEW ARVICLE

The Role of Intestinal Microbiota in Cognitive Disorders

Pooneh Angoorani?,

Shirin Hasani-Ranjbar?,
Ahmad-Reza Soroush?,
Seyed Davar Siadat3,
Hanieh-Sadat Ejtahed?,
Farshad Sharifi®,
Seyed Masoud Arzaghi®,
Hossein Fakhrzadeh®,
Bagher Larijani’

1 Msc in Nutrition, Obesity and Eating Habits Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran
2 professor, Obesity and Eating Habits Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran
3 professor, Department of Mycobacteriology and Pulmonary Research, Microbiology Research Center, Pasteur Institute of Iran,
Tehran, Iran
4 Assistant Professor, Endocrinology and Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute,
Tehran University of Medical Sciences, Tehran, Iran
5 Assistant Professor, Elderly Health Research Center, Endocrinology and Metabolism Population Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran
6 professor, Elderly Health Research Center, Endocrinology and Metabolism Population Sciences Institute, Tehran University of
Medical Sciences, Tehran, Iran
7 Professor, Endocrinology and Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran
University of Medical Sciences, Tehran, Iran

(Received October 7, 2020 ; Accepted December 2, 2020)

Abstract

Cognitive disorders are one of the major public health issues in older population worldwide.
Problems in forming and storing new memories, short-term memory impairment, and other cognitive
problems are common symptoms of cognitive disorders that have no definite treatment yet. Recent studies
have shown an association between gut microbiota and cognitive impairments described as microbiota-
gut-brain axis. It seems that gut microbiota is able to influence behavior, brain system, and cognitive
functions through this pathway in old age. In this review, the underlying mechanisms of the effect of gut
microbiota on cognitive disorders and the role of dietetic intervention with probiotics in cognitive

function are discussed.

Keywords: cognitive disorders, microbiota, probiotics, microbiota-gut-brain axis

J Mazandaran Univ Med Sci 2021; 30 (193): 113-124 (Persian).

* Corresponding Author: Hanieh-Sadat Ejtahed- Endocrinology and Metabolism Research Center, Endocrinology and
Metabolism Clinical Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran. (E-mail: haniejtahed@yahoo.com) and
Farshad Sharifi- Elderly Health Research Center, Endocrinology and Metabolism Population Sciences Institute, Tehran University
of Medical Sciences, Tehran, Iran. (E-mail: farshad.sharifi@gmail.com)

113


mailto:haniejtahed@yahoo.com\)
mailto:farshad.sharifi@gmail.com\)
http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

op—Hls (— S B}y ee—Lcoali b a_Las
(13-124) 1399 Jw pag 193 s)lads @l (w 0)9s

Lialil GUUsS] 2 aag) gligug jSun yivii

"l 4y
2 ) g (o pus
2,_,'2;9).., (wyEeed
SOl 13 g
4 szl Olsludl 45l
® iz b 3L 8
S GBli 39%us0 Ao
Co51) p50b ¢ypamm
e E

238>

33 o Ao T a sledi 4 s il 53 Ol asas ;,.amc,qﬁww«@;\éé,-uath
PRV EN P M e L 5 s o5 S adibl 3 IMst | el dor SleMbl (65 5ToL 5 (g5lw 0
odas L | Olalllas .l 0kis C3L OT (6l gbeiio oabad Olays 056 dlawlie 457 Sl 2o lid YD
el ra 033,76 s S ssome 0158 b (6 s b S (5 1S SVMS 1 (gl 5 0355 (SUsms Koo o B
S g Olyss 5n s Jlasl 5 sae s Slas ylih) 5 ol 536 0355 (SU 505 S s | 31 & 355 o0 5 s
5 s SV 5035 U gms Som oiins LUl slain) 1 (SlaaadlSn (s 42 (51350 adllan ol 53 . L3L
Wl o syl s Shas 5 eSS sus b Al le )

Sam 0357 G gy Sn sson 855 g b g Som 5 b SV 1638 (sl 21

4o b0

(3L g ilas o By e uiles e T I S0
oS S e men 5 S ST Ol iles
o Qs 05 Ksle 5 oy 5 Al (6,505 Ot
DL esbasl g el o gy ¢ qamar Bt 51 YDl
ol e 5 S 5 slen 38 1 S
A 2050 U ¥ 55 g g S g o
a0 Olgr o 531y 5 050 160 51 i uiles

G2 0sSE &S ol a4 5 L ()il Dis e

ol (6 5he OYBs| 5 (glans s lis YD

bzl (g, 80 adox I o lis gla sUly oS
by ot s Vst 5 )18 e 3T s Jo 5 oS )
0y ey L S8 5e il oo SlokiysT s 4 o
S5 B 5 18595 p s s Jlte Dl e L
L Jae Jigj (D)ol L 5 Lgy iy Ygans uiles
s I Ol 6l sl IS DMl uiles
oles dhaz 3l (odaie Slaasls 5 a5 5 oS ol

E-mail: haniejtahed@yahoo.com edarte 5 50k b o e 0uSCin s 01 (S e oBils 1015 — Mgl wol Sl apilad :Jgdume —algo

E-mail: farshad.sharifi@gmail.com

e gt 5 3 e p ke 0aSha sy Ol (S sk o1 1014 = g Slibpd

Ol el 018 (S ke o015 o e 3 305 (U p e 0utSTia g3y ¢ e Dol 5 Sl Dlighos S e cadii w3l pls )87 L
QbﬂAO‘,«J40‘,@3\;&ﬁe}lnali.’.}hgréxb}A&ﬁ%f}ka&}}%g&|hahb}él§Qﬁ:aa.?;}aul;Jz

DIl Ol <Ol 5 sy szl (65 55 S Dlikond S 0 (5 305 Dlidond 5 Jun 05 8 0l 3

Ol 0l 0l (S oo ol o a5 30 (2l o ke oulSCin 53 o e 3 345 Dlidons S 0 5l slinl 4

Ol 0l 0l (S ke ol (o a5 345 fomom ke 020 55 OISl Sl Slidond S 0 ¢k skl §

Ol el Ol (S ke o815 cod srbin 3 305 mar sk 0dS2n 333 Ol Caadlr Do S e 302l 6

Ol Ol 0l (S e o1 ¢ od a5 3 I poke outSCin g3y o i 3 30 Diions S 0 3l 7

1399/9/12 : s i 5 6

1399/9/2: S-Sl gr ol gk 1399/7/16 : it 55 jm st

1399 a9y < 193 s)ladhs @) o )98

ohaijle ab)y eole alEhsl alas 14


mailto:haniejtahed@yahoo.com
mailto:farshad.sharifi@gmail.com
http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

ul]lEnﬂa g u;l]g&'_ul nig.l?

FICNS (355 8 S oo b5 o 5 o 5 S
o mrls el (5550 andllae ol 3 (12-10)5,108 s
U sms S LU a3 o plonil Solalllas )
RSP | L;u‘._.,:;& (s Ml Les gy
5 LSS goe s e I glandis Ol 2B

1 SN ol eSS s

o S B
s 3 N sS oBans 5 e i bl 4 £

SL 4 a8 Cmul Ladle 03, ;;L.,;r_.uzﬁ ol
P P P PN S RSP E i PRI PRy
3,8 gl g el Cedle e 1 Ol Gl
e 903y Jolite Jelas .l 055 VLGJ‘ Shldl s
(s SIS alor 5 dliss (6la s G b )
33,8 0 e S3dgaml 5 SIpke (sers
ésﬁyéjwjb\ﬁﬁqﬁﬁw@\ﬁdw\
Sobaz 93 Ol o 3 95 4 Ol 5 (oo JLie Ol e
LUl ods sl o5 5,8 o 5La0 Ol ol 5035, el
N5 a5 3,50 Slosssm S i s L B smy S
SUls (595 = Q.ali_.b_bjT Sladlas .(14;13):j:§
elie 5 05, S Sl )le Glademn 53 0k (g
Wlad 51 s San 5 a3 88 Sl L 0T
35 01Ln 5SUdD sl s ol A E 55
Lol s 3 o il ol 2 03 ey (oo 2 40 Sl
O s ¢ oyl Jlasl 31 g o7 isls OLaS g st ls
S35 5505 5031 5 A5l 5SS S s s
FIL ols me s sba o Sn 3l sole sla g 5
el 033035y ks (SU 58 S (s1yl5 sla 55
- Bifidobacterium infantis sls 545" ole ol s
330355 L sm g s (15) Aisls oLt | u—f”')ﬁ
JUpsT= 55 = sV pop ) goms ST 5
E O T T P | BRI [ P
ool ag ete 0T 3, Ses 5 M= 5315 ababl>
ol ‘_;J_ils adlles )5 (16)3 53 o oalS son dabl>

by ol 05 3L alad Oloys gl Y|
Ly oo oml Ay oS (o)l Sl eslizul o35 5!
st e Sl o 53 331 b 4 by AST b e
2ok Slaies | ol il Cenl Pl L
SV s iyl 58 oSy G g s S Eia
LSSm0 o (nl 53 4 Sl 0 plonil 5l
B39 Son bl 55 )15t 55 5 9o Sl 1SS s
5 S b ol 15 Sn L ke 51 o larl 03
Cow L 3 age i 4S Sl )1 S oS
S e slew S (6oloms b T Uslas puts 5 1> Ol
SV S plan oyl el ¢ Sl ater
3l g LSS g 1 (6-4) ol B3I 53 08 5 A3 5,5
U s S b o dien adn L6 5 o1
Aot (glagg ST b gy 5 L gh oo e 03,
LacSi s ¢ Jolie 5 das o il 580 15 05,
o La0T 5 o o s (sloij (slapsS 515 Sn
(7)3515 0L 50 Cdw o (gdin Ol 51 SIS O
L oesgy Q_ujg._.»)j_lé 4SSl 0ol lis Slallas
Oroeen 5 bl 5 6ol I el e T 3
L)l s alis 5 elam gl adyl oS s
Ul 5 ot ey (gatuns S 01555 6 509 Sin (B)
NS5 sl 5 s (G52 Gb s 32 b ]
(9) =S slaml (Slos3) = (6 a4 b 53 GLadlK
(central nervous system: CNS) ;5 1+ was (e
Soin ol S o Sld 5 5 O - gy S L
P P Y P RURT I WL N PR S Y
Jelse SU S 035, (19 Se 5 LS 5 (NS
5 e ol ol Jalge ool 55 o o il
g lse s Wi ie (S 0 gl ¢ glde Slsle alax
S 503 Jlse s 5 Lams U gy Sn L )
(ol i 5 LA plan (a0 g0 5 98 (6855 alor
w\g-c_wgﬁn,,éugb_@ Jolas ys .ol
(35S Jed ) (plrodiS fum o W el 59 5 Ol i

@098 500 S 0 b o Sk b5 5

15 1399 ;1ogy « 193 sylaids @l (,w 0)0s

ohaijls b)) eole olEhSl alas


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

GIBGH ODIZA )y 039) SBen9)Trs (B

by i ol S O il i glateS
S O35 53 (2625)5 55 oo 4l o3, U gmy S
LS 035, 53 i o S o gladend Sl
Sy o e 0350 U sms Sor ol |5 b o0
33 .45 & e (AySDIOSIS) w3 s ol ool @
= 5 ke b S ST Ol e i e 4o
S dede slas SL L 4 las 5 Proteobacterium
e el opl g b oo 21530 Bifidobacterium .3
OF (g 0 5 e Sl o Sl St saoledl &
Olis Slallles (2827)3 5d oo g lds SIS i
L LS 0 Ssmsn 5 Ssmon 2 & dind oo
Al L 4l s ST e il 5 Sl talS
el e (5 iy Ol 5 Sy 555 sla, ST
(29) 55 o (6 OVy3 53 S jre Slaaw] alS
S pu 5T o & Sl 03l Olis Sl g Dilalllas
S gop J3BDNF CLale  2alS g e 5 gu s sl
Oljr 93 2 S5 55 2 5 WSS 5 0 (30) 355 00
Ol ol 53 9 dias g0 (29158 CwlS 58 51, BDNF
¢S5 5ue 4 s Bifidobacterium longum <SG 505 2
ot P 2SS S5 5 K S
ol 5y il G b 5 S e
_-aLS” &l Enterococcus faecium P SKsus
Sl RIS e 5 ) Sl s 2
NMDAR Cslu (sl sgb 055y 53 Ol 5 s
L Lo o 08 0S5 s o)1 ity ) sblles
(33-3D) das ga il 31 55 1y el o liilesl 5 il

CNS 5, Sles (59, L“,fj,@,f/‘_;uf..@&
2 U555 a5 Gl p it GlapiSa
C)LJ“\_')A.A[S C‘-\S@ASCM‘ okl JL@,.&:._" CNS
‘uJUa.A JA_{J:SL;U&W&J\ACMH.\.:MJ;
MQ&?‘)Mch@‘oM&‘;ﬁQTQ
C,_w‘a:j)&ljfjg,ﬁdbﬂdf.sﬁ]mél::-

a8y 55, 558 b Oy a8 Sl ol b ol
4> (brain dependent neurotropic factor: BDNF)
s S A6 e e S s s S5,
b U s S Ll sl Sl e
M;L@,J_ﬂ&é\j@@ﬁuat.;ﬁn,)
5 s slasls s Sl il (6550 laacl
55 aallas ol 55 (17)5,05 cage JiE 5 6,8 5L
D- oo N ol ;8 0Ly U sy Sin 36 (sln 5o
L e dibl> (g, 8 JSa L S (NMDAR) &b LT
51550 Sl (18) el 00l Olis 2alST 50 ol
e 5 AR h F (6 Ol g3 3 BN S G
O by angdon 6,850 Soyul g abiils talS
ol S ol e il s i (e Ul
s g gl (6 s Oollanil 5 SV 55 S|
Pl i (sl o ;S ol pal S YD s | o
555U toman s NMDAR) &bl D- |z
Sl ol o slS 5o 53 (BDNF) (g0 SCus 59 5
sabibls )3 _age jid s> 2 BDNF yNMDAR
> I BDNF (2049)asls ol b5, Shee
VM 55 o8 S n (6,8 sl gl (6la S g
SASTL (6 L5y aS 0T 51 L21) 550 LiE (6 sxe
SLS Oljn el 5 Lo 140 ol ol yon BDNF pelo
U a3 f e sla)Sal, ) (S LS ol
4, BDNF c]a_.» (22l ol DY ]
OLas Olalllas . das oo O 2S5 b g g Son Sl i
YU )5 agr Lo Sl 5 g JoSe (3 e 45 ol 031
U5 O el & 45 53,13 BDNF Ol s 003
Sl i 53 5 oley S bl 53 &8 el S
ode 4y (2423) 5,13 i CwlS sun 45 BDNF 0L
r Jrle G oS ST el RS 50 5
5 Sl J e clnl (g0 551555 Ol s sl s
iS5 5T b B G b 51 OT e
e OIS (5T 6 0 5T el ol 0556518

1399 1ogy « 193 sylaids «@) (,w 0)0s

ohaijls Ay eole olEhS) dlas 116


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

ul]lEnﬂa g u;l]g&'_ul nig.l?

S S oo 1, ONS (LIS 5 o s Shas 5§k
235 (U0) 5,0, 35 CNS 5 Slae 32 b !
a3 03y (SU s Sn 457 sl 0L ;805
(blood-brain barrier) ¢ ;s = g s dw (5 o3 55
3 e Sbiblowe y3 el G;l_é.sv_—_m_,w&d_f
iz $ LADAS Wl age SAB (Znl psan
3G AT S e G e 33 a5 Slos o
Lo e ol el o Jolons e 20131 LS5 S
Oldiadlw 55 ot lis SVl (gl y e 5 Ll 55 o0
5 pmedplie s b o S S (43:42) 5L
LA eI ple L 0T K55 bl 5 Ol
e Sl s 457 Soej ol S o sladnl ol
wtlwoss) glacs Ko by olds gla,ub
G 85 m t Joate Lol ;S o b 5l st oo
‘._.4 gl V__Jad 53 (G-protein coupled receptor)
ot S eSS ST slad
O pmimmen iy o5 S o sladul (44) 515
G 3 (S5l g ) O st 035 Azl 5 b
LaOT o s 5 15 Ak (gmae Dlakits ) (Jghs
Al ST Sl 55 sl Jlesl 35 Esls
e Sl adlllas oSO s 3k 1.(45)5 55 e
oS 0y Ly o sl S0y, 8 S
SS9 1 el ¢b « (Short Chair Fattyacis: SCFA)
et g el s LAl Sy A e
Ll sl b Sl o) (46) ol 0l plantigy s
SIS 5T s 5 43Il ol 2l 3 e
4S ol ol (55S 2e 5 Shes 53 Dl 4 i
sl sl b (o sl Ol 53 Y sane
el OS5 el JT s 551 350555
Sl (555 e S g el (48A7)
A sl s 3, Sas 5 s ol 55 g s>
L ) 6,505 e (46) 3,145
U s ,See 86 0T 5ol 0k = oo ONS ;b 59 Ss

JL...?)JJ:‘J_?‘ gf_nlf}::h).ﬁjj})y\.:wd}bj

CNS & 1y Jaos casl Cundy mimad S5 cnze
s SB S 5y o 31 Jn Ol 4 S o fia
LD L S ol ol e sl S s 355
Ol 31 Sy e 2 L oS 10T 51(34) s e JUis
235 o 3 i Jlasl o Uy S acs
23S ls i waly Gla e 45 255w Ol 5 o0
Sl Slalllan (35) 315 2B jae 5 b gy S Jolas
b LS s L Ol s 457 das e OLES
sla,le, sy o> Bifidobacterium longum
ol pdas OLES 5 e 48 oLa e 53 (ol
et | Cmetl o £ 555 S Sl a3 Sl g
(b b 31 (30) s s S 5 i (BLS I by 5o
s pkid 4 e e O Gl g Dlalle (S
O U s s S sla ST 51 s o S
935 e Lo i 3m 53 (65lidy SVl 1 (6,8 sl
S iy oml 5315 &N ) JE e (6 s A
losions Ll 5 0035y (U g5, SKon a5 10T 1Lzl
3adlad ol bl S 31 el ot
Sloi] n &5 0150 4 Ol 5 g0 551 (g s
BN 8 i )3 b 45 S0 sCNS o blo ) 4 5 4o
J_BJJ‘_’S/Q@_MQ‘}&MN Lis s ol s
M:J_{L.)ob;.al_f‘_gj_iabjg):):)b@l?-
0355 SU sms Sor J3les 03,55 oo (et 5 o]
s OV g g5l D i 4 e Ll e
Slacasie g D ol 31 53 (L) Ol ki 5 58
1S s 0355 lacisis dar Sl ESiaten
o5 (38) sl sios] @t 5 ONS flize Ll
AU L e s 50355 SU ss Sen ]
A)ls 5 e S5 ks ) sba olgd) Sl S st
Lo g ONS (o8 i (55 s aalllas |
2 CNS Sgyp5 1 slad ) IS Sn s Shas
I3 a5 3550 sl 035 U gy Son 3B sla b e
S s e Ol Slalles ool (39) il 4 §

.L.J‘_,SQ_A 639 LQU}:J}JQ:A J‘ J—»AB— ‘_;LAC,.;.S_,;\SA

U7 1399 pogs « 193 s)ladd @) (W 0)9s

ohaijls b)) eole olEhSl alas


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

GIBGH ODIZA )y 039) SBen9)Trs (B

052 5L okals” slans 55 b 5 g1l e slags 55 Joe
(5352) ilosls OLES g i (535 1 | (DASH)
gl o o ol Sl L e a5 A3 S
S ST s osle lads 5 S s slaoS s,
I el gy slags s s e S,
Bacteroidetes :alS" 4 Proteobacteria s Firmicutes
Sledl b (LI s ag 4 Ol i ) S sk
il ys o se 5 (Bl ol jan e ‘_;La;.,,_.wT,
Jos K gm0 0150 4 o gon 53 3 30 sl S5 s
o5 Akkermansia muciniphila )51 Esb 503 S
R [ lalde .(55) 15 Lf.lagla» 9 GL@:J\ Lo Dl Sl
s ) 5 56 o 1y 03y 09,Sn s Lo
05 RIS B L g ol e ) S e
R el 5, 8 e 53 o b )l G o
das o OLas Olallbe 3 gd 0 054y U 5o s >
O S ) 53 s 4 Dl g S e S
S glde sl )l ol gl sl (56)5 15
o I omae o8 b L3 e (slacs o 55 oot
(BSCFA Jals o plie pl .5 )ls o La Y|
(IS el T ftes 5 el ST Jrlind
el Lol 5 5 b (55l i (gladnl (b 4IE
ST O s 53035y U sms Son o g Slit e o
b sobos 51 ok 53 L8155 0 G b ) 51 s e
it S (BT) sl g (6 5he YV alas )
S50l smp 55 (omae (5Ll o b S Ll 5 s
Ol Slallas (58) sl I8 56 5ae 3 Shee 5 kit
L;LA;._.»; (3L 33 6 NS 05,8 s gdous &S s o0
ol 03 15 o (Kon 55 55 S goee 5 sl
S agdmme slae fy dle Ol piean ALl i se 4
s SV sl g e 0B e s IS
ook, & eliy Lais Yol 0T Cle 5 a8 (6,8 5l
St 23 b ysba &8 ol CalS 5n 5 NMDA
2 S5 sl asllln rii (Bl oo 22l
O O PRI S WPy SR A SN I |

Pl oleel cale UG Oludl jhe.Coul
abadl bl ol g5 ls 1y Gl gla e 5 CulS 5
sLacs)bon 51 ol 53 45 505 BLi)l 6,85k
23 O3Sy 3yl ATe 5o bl i o Jro Slias!
clasl Catlu Ul 5o ials b e JSCa
st 034 Bl o BLET 55 (6w 53 elS sk 53 Ld
2,03 0l ad ds 1y Olygs ol s gl OB oT
Loy U5 sy ,SKn a5 das e Ol ] Slalllas
slagUls 5 alidle o Llg e gy (ml 2 A6
ABL IS s 5 s
(ol 5 (Sl Sl e i s s 4
T dn s (535S 0L 50 &S Golen g5 A
Cel il g o 0355 0395 (SU 9 ,Sor ads) S
Jsma G b 3 edls gyl g s OV
3l Lo 3 (g okms (49) 3 58 (glo 5 (s jhe
O e o35 S g5 e Jals 53 St
a6 S s 5 Sae 53 JIKEI L 5 ] s 3 Shes
5 mae JolSS do o 53 0 0T ST plis 55150
Aeas e 5 S 3 (AU 1550008 Ll s en
S S5l e 53 oS 05 See SV oyl
\,;};u,zjxféﬁgb,;u@t‘;&“.m@@
Q_ilj}]ﬁﬁ.\__.ll Olalllae s e 4 (BL) s Ol
3 S5 s 53035, SU 55 Son sy g oS
o s Cmmanl 1S5 55 0 OT s SY 5b 2l

.-L;J‘JJ}S-J.:

L Yt 3 K s 5 (ST 45 ol g6 i
S ol SISl 3l Ol Slalllas

3 Sdes piman 50355 (08,50 S S 5 5 o
3 Lo s Sl 28 a5y Lied s I (50)5,15 ;xa
Wt b 2alS s Al 5 ulS e dlagg
039y ol 2als 5 b 5 jules das Gl ol
Q}SU (51);',_.»‘ [ v—g) C)LJ‘ R ‘_;th,:.wT

1399 a9y < 193 s)ladhs @) o 3)9s

ohaijls 3}y eole slEmS) alas 118


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

ul]lEnﬂa g u;l]g&'_ul nig.l?

O LSan s Messaoudi . (69) 4yl gold 5, Shas
ol —on 4 Lactobacillus helveticus u_sls ol
(s 2 (a3 5 Dl 51 Bifidobacterium longum
sl gla s, 2l S &l 5 usyls aae
et g g e Ol 53 a5 B e )3 0n
(T0)das o 2alS 1y OLl Sla0 53 3137 Jg 5058
od5,8 Ols s, 2 1L Lactobacillus rhamnosus
&L, (Gamma-Aminobutyric acid; GABA) LK
Ao Dl Sl s sh e Ol sl 5 cwae OV il
odd o3ls Olas Slidiss 53 55 eSS s (S 5 il
> Bifidobacterium Breve i 4 8 ¢S 5 o0 .ol
5ol ST Oz el 53 Gl Eel e
IS 5 53 48 o ot ol S ) 55
s lidlesl 5 ol (Olacl (5Ll deor I (oae
Sl ey gt adlllan &G 1 (TD) )l o 58S
Son iy o 5553 VSLHS ol 4 (S sms (oS 5
s D Al Lo sl s (ae e
LS o 1L o el ha s S el
0395 GL 55 Sn o Sl BI L 8 20T 51 5 b oo
S5 S 3 e s ()l A o Iy oS
o) S Emeliongy (05 Sn 55 55 LVSLAS
4SS ad esls Ol aslllas o=l g3 b e el
U s ,Se 5 3 e Ol ki 4 2ete VSLHS
SLa0 Ol i1l Go b 3l e 3 Shee 55040 5035,
BDNF e wze Sl 5 (5 dy Oollanil & 4l s
sls oLz 0L, 5 g ysls (72) 3 55 oo sha 3L 5>
M s o7 o Bn 53 S s s S
Ak S 58 3 5 pen 5 Lol L gy Bl 5 L
(T3 As ol g 53 e e
Cat) a9 0 adlie () 53 L g gazes 5o
G g 039y Jalas 5 ol adlasl 5o LS sy S
G 4w Ot e i pomas ol ‘_;Un‘..m:.;\_{‘
Sl 6("1"3 ol UM}A{'V'::’.—‘:’; aaly opl 5o

0355 S gurs o 3L 53 (S 5 e SRIPIL S

S LS s Witte .(60)Llosls olis 1 otlis
OISy 985S anlllas S5 53 b s
Ol dbsls 5 Sas 51y (6 IS s utoee ind g Sl
‘_;LAQ_(_.»; 5o alie Sl Olalllas 55 (61) 515
0351 ol ot (5 5hn 3, Shes 250 b s 53 oslize
e 55 o slad S 50T 51 (62) el
S ond Al A ls (age 0355 LS gy S
GOl G s b 6,8 s s sl dis L
A0 Hls Glodm s Cuenl (6w 5 $86 o lE YL
5 Calitee 6l a3 b 513 L G (slaitond
5 mae slaob@lls slnST| o mal als e
s bl Ol 31 i (6l Collanil 2l 530
0Lt Slalllas (B3) S o Jlas! s (i
Sl el 3Bl O sl JoSlo oS s o
155573 o el 5 olS gp 53 e (5Ll
el 6 A lanl (515 Sl ) oS sl
Sludss Jolge é (6564) 555 oo oy Slb 5 50 53
o e Jlal aib s S ol s 8- J1 Ko
ORI 5 213 0dge 415 O srlienST Sz ()4 52
CABLE.}J}‘_;J-\S}S:A}J&W}R}MQY&J‘
Wls Ghem b sms Son ) somn 3003 B (nae s |
3l iy LS Ul s g S 31 6y g 5 Nl
4 55sh 0t ple 035y GUms Son Lo 03l ol
SN 35 g A S oK Ol e
(6766) 3 52 0 4o 5 Ol
&l i Q%\M&:j\}_gu&gﬁjﬁ
(s s 53 BT i g Dl St o7 iz
A o )Lal W3 S bilen .ol 43 8 1 5 4 g5 5540
St (GloS 5 (SLa i 15 S 1SS s
s A LA S e RS L T g
Eebo i)l & IS e an s 131 3 551uST)
(68) 3 53 s oae IS iin 5 oSl 2alS
G & 5l am 45 Sl enls Ol L glaail

23 (64 o OIS Bifidobacteria o5 5 4 (gL S'L

119 1399 oy « 193 s)ladds @) o 3)9s

ohaijls b)) eole olEhSl alas


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

GIBGH ODIZA )y 039) SBen9)Trs (B

L o ls ¥l s Glays gla )l as
S 0T Sodiodis 51 5 LaeSs 59 2 51 oalinal

c&ﬁ&éﬁﬁﬁ@:ﬁy:%«f@l:}w
JJ_,_Aa.l_.:TCJLsJUa.n).S;}J—qGAQLﬁ)Q.\_A}Q‘ﬁ.A

S P

Ol (S e Slidions dn g5 o dnn o |
oAb o=l 3 Sl Coles ol 984272 17 b S)

RYENEITS -

References
1. Berryhill ME, Peterson D, Jones K, Tanoue

R. Cognitive Disorders. In: Ramachandran
VS, (ed). Encyclopedia of Human Behavior.
Second Edition. San Diego: Academic Press;
2012. P. 536-542.

2. WHO. Alzheimer Disease and Other Dementias.
Available at: www.who.int/medicines/areas/
priority_medicines/BP6_11Alzheimer.pdf.
Accessed November 15, 2019.

3. WHO. Dementia: Fact Sheet. Available at:
https://www.who.int/newsroom/fact-sheets/
detail/dementia. Accessed November 15, 2019.

4. Ejtahed HS, Angoorani P, Soroush AR, Siadat
SD, Shirzad N, Hasani-Ranjbar S, et al. Our
Little Friends with Big Roles: Alterations of
the Gut Microbiota in Thyroid Disorders.
Endocrine, Metab immune Disord Drug
Targets 2020; 20(3): 344-350.

5. Ejtahed HS, Soroush AR, Angoorani P,
Larijani B, Hasani-Ranjbar S. Gut Microbiota
as a Target in the Pathogenesis of Metabolic
Disorders: A New Approach to Novel Therapeutic
Agents. Horm Metab Res 2016; 48(6): 349-
358.

6. Ejtahed H-S, Angoorani P, Hasani-Ranjbar
S, Siadat S-D, Ghasemi N, Larijani B, et al.

SaLS g s OV L Sl g e s o &
Ll el ) Bl ol am Ol ygs ol s abibl
3 68 s 5 Olays 4t 55 A (65,555
Jm ol b sl Ol 53 035 4 25lis Y|
SOlallas Lo gades an (2 53 (6 5 S Dl
9y = olallee (el b g il 55 3500 Sl
U s Son s 3ome Bload 5148 o s plonil OB W
o.\ATCMJ{lAAIéEhMJ}ude@J}w}A—QJj)
Oluabl 5 gludl gladomer 4 Sl Dlallas

2 Sl Oladlae oman (o Hlsy 55 gslw‘-

Adaptation of human gut microbiota to
bariatric surgeries in morbidly obese patients:
A systematic review. Microb Pathog 2018;
116: 13-21.

7. Fan Y, Pedersen O. Gut microbiota in human
metabolic health and disease. Nat Rev
Microbiol 2021; 19(1): 1-17.

8. Gareau MG. Microbiota-gut-brain axis and
cognitive function. Microbial endocrinology:
The microbiota-gut-brain axis in health and
disease: Springer; 2014: 357-371.

9. Collins SM, Surette M, Bercik P. The
interplay between the intestinal microbiota
and the brain. Nature Reviews Microbiology
2012; 10(11):735-742.

10. Neunlist M, Van Landeghem L, Mahé MM,
Derkinderen P, Des Varannes SB, Rolli-
Derkinderen M. The digestive neuronal—
glial-epithelial unit: a new actor in gut health
and disease. Nat Rev Gastroenterol Hepatol
2013; 10(2): 90-100.

11. Matteoli G, Boeckxstaens GE. The vagal
innervation of the gut and immune homeostasis.
Gut 2013; 62(8): 1214-1222.

12. Petra Al, Panagiotidou S, Hatziagelaki E,
Stewart JM, Conti P, Theoharides TC. Gut-

1399 1ogy « 193 sylaids «@) (,w 0)0s

ohaijls Ay eole olEMS) das 120


http://www.who.int/medicines/areas/
https://www.who.int/newsroom/fact-sheets/
http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

ul]lEnﬂa g u;l]g&'_ul nig.l?

13.

14.

15.

16.

17.

18.

19.

20.

microbiota-brain axis and its effect on
neuropsychiatric disorders with suspected
immune dysregulation. Clin Ther 2015; 37(5):
984-995.

Rhee SH, Pothoulakis C, Mayer EA. Principles
and clinical implications of the brain—gut-enteric
microbiota axis. Nat Rev Gastroenterol Hepatol
2009; 6(5): 306-314.

Bercik P, Verdu EF, Foster JA, Macri J, Potter
M, Huang X, et al. Chronic gastrointestinal
inflammation induces anxiety-like behavior
and alters central nervous system biochemistry
in mice. Gastroenterology 2010; 139(6):
2102-2112. el.

Sudo N, Chida Y, Aiba Y, Sonoda J, Oyama N,
Yu XN, et al. Postnatal microbial colonization
programs the hypothalamic—pituitary—adrenal
system for stress response in mice. J Physiol
2004; 558(1): 263-275.

De Kloet ER, Derijk R. Signaling pathways
in brain involved in predisposition and
pathogenesis of stressirelated disease: Genetic
and kinetic factors affecting the MR/GR
balance. Ann N Y Acad Sci 2004; 1032(1):
14-34.

Tyler WJ, Alonso M, Bramham CR, Pozzo-
Miller LD. From acquisition to consolidation:
on the role of brain-derived neurotrophic
factor signaling in hippocampal-dependent
learning. Learn Mem 2002; 9(5): 224-237.
Huang EJ, Reichardt LF. Neurotrophins:
roles in neuronal development and function.
Annual Review Neuroscience 2001; 24(1):
677-736.

Kumar A. Long-term potentiation at CA3-
CA1l hippocampal synapses with special
emphasis on aging, disease, and stress. Front
Ag Neurosci 2011; 3: 7.

Pang PT, Lu B. Regulation of late-phase LTP

and long-term memory in normal and aging

21.

22.

23.

24.

25.

26.

27.

hippocampus: role of secreted proteins tPA
and BDNF. Ageing Research Reviews 2004;
3(4): 407-430.

Franco-Robles E, Lopez MG. Agavins increase
neurotrophic factors and decrease oxidative
stress in the brains of high-fat diet-induced
obese mice. Molecules 2016; 21(8): 998.
Pineda-Rodriguez B, Toscano-Tejeida D,
Garcia-Vences E, Rodriguez-Barrera R,
Flores-Romero A, Castellanos-Canales D, et
al. Anterior chamber associated immune
deviation used as a neuroprotective strategy
in rats with spinal cord injury. Plos One
2017; 12(11): e0188506.

Kim HJ, Leeds P, Chuang DM. The HDAC
inhibitor,sodium butyrate, stimulates neurogenesis
in the ischemic brain. J Neurochem 2009;
110(4): 1226-1240.

Canani RB, Di Costanzo M, Leone L. The
epigenetic effects of butyrate: potential
therapeutic implications for clinical practice.
Clinical Epigenetics 2012; 4(1): 1-7.

Hamer HM, Jonkers DM, Bast A, Vanhoutvin
SA, Fischer MA, Kodde A, et al. Butyrate
modulates oxidative stress in the colonic
mucosa of healthy humans. Clinical Nutrition
2009; 28(1): 88-93.

Aguilar EC, dos Santos LC, Leonel AJ, de
Oliveira JS, Santos EA, Navia-Pelaez JM,
etal. Oral butyrate reduces oxidative stress in
atherosclerotic lesion sites by a mechanism
involving NADPH oxidase down-regulation
in endothelial cells. The Journal of Nutritional
Biochemistry 2016; 34: 99-105.

Romo-Araiza A, Gutiérrez-Salmean G, Galvan
EJ, Hernandez-Frausto M, Herrera-Ldpez G,
Romo-Parra H, etal. Probiotics and prebiotics
as a therapeutic strategy to improve memory
in a model of middle-aged rats. Front Aging
Neurosci 2018; 10: 416.

121 1399 pog « 193 s)ladd @) W 0)9s

ohaijls b)) eole olEhSl alas


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

GIBGH ODIZA )y 039) SBen9)Trs (B

28.

29.

30.

31.

32.

33.

34.

35.

36.

Caracciolo B, Xu W, Collins S, Fratiglioni L.
Cognitive decline, dietary factors and gut—
brain interactions. Mechanisms of Ageing
and Development 2014; 136-137: 59-69.
Briissow H. Microbiota and healthy ageing:
observational and nutritional intervention
studies. Microbial Biotechnology 2013; 6(4):
326-334.

Bercik P, Denou E, Collins J, Jackson W, Lu
J, Jury J, etal. The intestinal microbiota affect
central levels of brain-derived neurotropic
factor and behavior in mice. Gastroenterology
2011; 141(2): 599-609. el.

Leung K, ThuretS. Gut microbiota: a
modulator of brain plasticity and cognitive
function in ageing. Healthcare 2015; 3(4):
898-916.

Savignac HM, Corona G, Mills H, Chen L,
Spencer JP, Tzortzis G, et al. Prebiotic feeding
elevates central brain derived neurotrophic
factor, N-methyl-D-aspartate receptor subunits
and D-serine. Neurochem Int 2013; 63(8):
756-764.

Huang Y, Li Y, Huang Q, Cui Z, Yu D,
Rajput IR, et al. Effect of orally administered
Enterococcus faecium EF1 on intestinal
cytokines and chemokines production of
suckling piglets. Pak Vet J 2012; 32: 81-84.
Thayer JF, Sternberg EM. Neural concomitants
of immunity—Focus on the vagus nerve.
Neuroimage 2009; 47(3): 908-910.

Bravo JA, Forsythe P, Chew MV, Escaravage
E, Savignac HM, Dinan TG, et al. Ingestion
of Lactobacillus strain regulates emotional
behavior and central GABA receptor
expression in a mouse via the vagus nerve.
Proceedings of the National Academy of
Sciences 2011; 108(38): 16050-16055.
Bercik P, Park A, Sinclair D, Khoshdel A, Lu
J, Huang X, et al. The anxiolytic effect of

37.

38.

39.

40.

41.

42.

43.

44,

45.

Bifidobacterium longum NCC3001 involves
vagal pathways for gut—brain communication.
Neurogastroenterology & Motility 2011;
23(12): 1132-1139.

Forsythe P, Bienenstock J.Immunomodulation
by commensal and probiotic bacteria.
Immunological investigations 2010; 39(4-5):
429-448.

Dantzer R, O'Connor JC, Freund GG, Johnson
RW, Kelley KW. From inflammation to
sickness and depression: when the immune
system subjugates the brain. Nature Reviews
Neurosc 2008; 9(1): 46-56.

Mosher Kl, Wyss-Coray T. Go with your
gut: microbiota meet microglia. Nature
Neuroscience 2015; 18(7): 930-931.

Emy D, de Angelis ALH, Jaitin D,
Wieghofer P, Staszewski O, David E, et al.
Host microbiota constantly control maturation
and function of microglia in the CNS. Nat
Neurosci 2015; 18(7): 965-977.

Ni J, Shen T-CD, Chen EZ, Bittinger K,
Bailey A, Roggiani M, et al. A role for
bacterial urease in gut dysbiosis and Crohn’s
disease. Sci Transl Med 2017; 9(416).

Harry GJ. Microglia during development and
aging. Pharmacol Ther 2013; 139(3): 313-326.
ladecola C. Dangerous leaks: blood-brain barrier
woes in the aging hippocampus. Neuron
2015; 85(2): 231-233.

Den Besten G, van Eunen K, Groen AK,
Venema K, Reijngoud D-J, Bakker BM. The
role of short-chain fatty acids in the interplay
between diet, gut microbiota, and host energy
metabolism. J Lipid Res 2013; 54(9): 2325-
2340.

Stilling RM, Dinan TG, Cryan JF. Microbial
genes, brain & behaviour—epigenetic regulation
of the gut-brain axis. Genes Brain and Behav
2014; 13(1): 69-86.

1399 1ogy « 193 sylaids (@) (,w 0)9s

ohaijle (b} eole slEHI) alas 122


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

ul]lEnﬂa g u;l]g&'_ul nig.l?

46.

47.

48.

49.

50.

51.

52.

53.

Al-Lahham Sa'ad H, Peppelenbosch MP,
Roelofsen H, Vonk RJ, Venema K. Biological
effects of propionic acid in humans;
metabolism, potential applications and
underlying mechanisms. Biochim Biophys
Acta 2010; 1801(11): 1175-1183.

Rossignol D, Frye R. Mitochondrial
dysfunction in autism spectrum disorders: a
systematic  review and  meta-analysis.
Molecular Psychiatry 2012; 17(3): 290-314.
Coskun P, Wyrembak J, Schriner SE, Chen
H-W, Marciniack C, LaFerla F, et al. A
mitochondrial etiology of Alzheimer and
Parkinson disease. Biochim Biophys Acta
2012; 1820(5): 553-564.

Rodriguez JM, Murphy K, Stanton C, Ross
RP, Kober OI, Juge N, et al. The composition
of the gut microbiota throughout life, with an
emphasis on early life. Microb Ecol in Health
Dis 2015; 26(1): 26050.

Talani G, Biggio F, Mostallino M, Locci V,
Porcedda C, Boi L, et al. Treatment with gut
bifidobacteria improves hippocampal plasticity
and cognitive behavior in adult healthy rats.
Neuropharmacology 2020; 165: 107909.
Luna RA, Foster JA. Gut brain axis: diet
microbiota interactions and implications for
modulation of anxiety and depression. Curr
Opin Biotechnol 2015; 32: 35-41.

Pistollato F, Iglesias RC, Ruiz R, Aparicio
S, Crespo J, Lopez LD, et al. Nutritional
patterns associated with the maintenance of
neurocognitive functions and the risk of
dementia and Alzheimer’s disease: A focus
on human studies. Pharmacol Res 2018; 131:
32-43.

Dominguez LJ, Barbagallo M, Mufioz-Garcia
M, Godos J, Martinez-Gonzalez MA. Dietary
patterns and cognitive decline: key features
for prevention. Curr Pharm Des 2019; 25(22):

54.

55.

56.

57.

58.

59.

60.

61.

2428-2442.

Tangney CC, Li H, Wang Y, Barnes L,
Schneider JA, Bennett DA, et al. Relation of
DASH-and Mediterranean-like dietary patterns
to cognitive decline in older persons. Neurology
2014; 83(16): 1410-1416.

Hildebrandt MA, Hoffmann C, Sherrill-Mix
SA, Keilbaugh SA, Hamady M, Chen YY, et
al. High-fat diet determines the composition
of the murine gut microbiome independently
of obesity. Gastroenterology 2009; 137(5):
1716-1724.

Turnbaugh PJ, Ridaura VK, Faith JJ, Rey FE,
Knight R, Gordon JI. The effect of diet on
the human gut microbiome: a metagenomic
analysis in humanized gnotobiotic mice.
Science Translational Medicine 2009; 1(6):
6ral4-6rald.

Li Q, Lauber CL, Czarnecki-Maulden G, Pan
Y, Hannah SS. Effects of the dietary protein
and carbohydrate ratio on gut microbiomes in
dogs of different body conditions. MBio
2017; 8(1): e01703.

Zhu S, Jiang Y, Xu K, Cui M, Ye W, Zhao
G, et al. The progress of gut microbiome
research related to brain disorders. Journal of
Neuroinflammation 2020; 17(1): 25.

Murphy T, Dias GP, Thuret S. Effects of diet
on brain plasticity in animal and human
studies: mind the gap. Neural Plasticity 2014;
2014(2): 563160.

Pitsikas N, Algeri S .Deterioration of spatial
and nonspatial reference and working
memory in aged rats: protective effect of life-
long calorie restriction. Neurobiology of
Aging 1992; 13(3): 369-373.

Gu Y, Scarmeas N. Dietary patterns in
Alzheimer's disease and cognitive aging.
Current Alzheimer Research 2011; 8(5): 510-
519.

123 1399 pagy « 193 s)laids @l (,w 0)0s

ohaijls b)) eole olEhSl alas


http://jmums.mazums.ac.ir/article-1-15872-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-18 ]

GIBGH ODIZA )y 039) SBen9)Trs (B

62.

63.

64.

65.

66.

67.

68.

69.

70.

Witte A, Fobker M, Gellner R, Knecht S, Floel
A. Caloric restriction improves memory in
elderly humans. Proceedings of the National
Academy of Sciences 2009; 106(4): 1255-1260.
Singh R, Dinesh L, Kumar S, Sharma S, Kataria
H, Kaur M, et al. Late-onset intermittent
fasting dietary restriction as a potential
intervention to retard age-associated brain
function impairments in male rats. Age 2012;
34(4): 917-933.

Luchtman DW, Song C. Cognitive enhancement
by omega-3 fatty acids from child-hood to old
age: findings from animal and clinical studies.
Neuropharmacology 2013; 64: 550-565.
Cutuli D, De Bartolo P, Caporali P,
Laricchiuta D, Foti F, Ronci M, etal. n-3
polyunsaturated fatty acids supplementation
enhances hippocampal functionality in aged
mice. Front Aging Neurosci 2014; 6: 220.
Kelly L, Grehan B, Della Chiesa A, O'Mara
SM, Downer E, Sahyoun G, et al. The
polyunsaturated fatty acids, EPA and DPA
exert a protective effect in the hippocampus
of the aged rat. Neurobiol Aging 2011; 32(12):
2318. el-el5.

Patel SP, Sullivan PG, Lyttle TS, Rabchevsky
AG. Acetyl D1 carnitine ameliorates
mitochondrial dysfunction following contusion
spinal cord injury. Journal of Neurochemistry
2010; 114(1): 291-301.

Jones LL, McDonald DA, Borum PR.
Acylcarnitines: role in brain. Progress in
Lipid Research 2010; 49(1): 61-75.

Logan AC, Katzman M. Major depressive
disorder: probiotics may be an adjuvant therapy.
Medical Hypotheses 2005; 64(3): 533-538.
Loniewski I, Misera A, Skonieczna-Zydecka
K, Kaczmarczyk M, Kazmierczak-Siedlecka K,

Misiak B, et al. Major Depressive Disorder

71.

72.

73.

74.

75.

76.

and gut microbiota—Association not causation.
A scoping review. Prog Neuro-Psychopharmacol
Biol Psychiatry 2020: 110111.

Savignac H, Tramullas M, Kiely B, Dinan T,
Cryan J. Bifidobacteria modulate cognitive
processes in an anxious mouse strain.
Behavioural Brain Research 2015; 287: 59-72.
Messaoudi M, Lalonde R, Violle N, Javelot
H, Desor D, Nejdi A, et al. Assessment of
psychotropic-like properties of a probiotic
formulation (Lactobacillus helveticus R0052
and Bifidobacterium longum R0175) in rats
and human subjects. British Journal of
Nutrition 2011; 105(5): 755-764.

Wall R, Marques TM, O’Sullivan O, Ross
RP, Shanahan F, Quigley EM, et al.
Contrasting effects of Bifidobacterium breve
NCIMB 702258 and Bifidobacterium breve
DPC 6330 on the composition of murine
brain fatty acids and gut microbiota. Am J
Clin Nutr 2012; 95(5): 1278-1287.

Distrutti E, O’Reilly J-A, McDonald C, Cipriani
S, Renga B, Lynch MA, et al. Modulation of
intestinal microbiota by the probiotic VSL# 3
resets brain gene expression and ameliorates
the age-related deficit in LTP. PloS one
2014; 9(9): e106503.

Kaur H, Golovko S, Golovko MY, Singh S,
Darland DC, Combs CK. Effects of Probiotic
Supplementation on Short Chain Fatty Acids
in the App NL-GF Mouse Model of
Alzheimer’s Disease. J Alzheimer's Dis
2020(Preprint): 1-20.

Davari S, Talaei SA, Alaei H, Salami A.
Probiotics treatment improves diabetes-induced
impairment of synaptic activity and cognitive
function: behavioral and electrophysiological
proofs for microbiome—gut-brain  axis.
Neuroscience 2013; 240: 287-296.

1399 (1893 « 193 s)laids «@) W 8)9s

ohadils 3b) eole a5l dlas 124


http://jmums.mazums.ac.ir/article-1-15872-en.html
http://www.tcpdf.org

