Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

sosre dlis

ehiy

o0 Vlo 1yl T yloyd 45 Badgighd (i

oS>

-

TRV VR R GERE CCVAR AL AR UL CEVIVVAL SRS VAV T P

OF sl maad Oloss Ly (5,8t ot 0 oS Conl e ol o (olews 0l el (5ol

Sl 33 a aS dien el s 8L ge il 53 M b an s SLONS 5 (m SLSH el sdli 3L
Ao Sl e (S Sl Gl ST il e ) (Ol (Jhe Dl peas L e o sl
Gladle 3 Ksd Sous S et o Ll5 oo & s oo bl el I 55 55 ob,S e SVl 5 05,550
e 0Ll Sl gte LS 5 ol il 4B S5 a5 o5 Dl US55 Sy 5 etiS e Bl Sl
il e (g he peles 31 B0 SV 5y 68 b Sl gl dadlaeS| 5T A5 s 0l LUlS
03,5 aeal b 5 (5,8 53 5 o OT aals 4y 45 ool s slgiy Lok 55206 (51 (s3a20 (Sl pmilSe
IS5 e 5 onls 2l 1y i phoal 51 30 e ot 55505l bl Bl iy R (Solew i)
P s e S0, 5 2l 5 el A JSKS 5o DLS 5 pl L s e e 53 6N b s sleS
bl b ol el 53 G5 el slienST il 512U sl (el e s il
3 B0 ol e s iy s | s e 5038 (S sl el iy 5l LS e
Gl s 5 3l ol 5 3550 50 40N sba el T il gladie 53 OLLS I Grle gladd i D6
ol e S sy s Ly e GMeST ol s S5l s Sl GRS o e Sl el
el JTOLass 53 5l Olseany gl by | Lads 52 Ol b ol 5L 3590 (6 ey Sl gy DS 5

23 sl oslazal

il (Ol S 56 Gl eal I (golew gl Solals”

(Soslispml) oozd gord b smldl 05 a5 (L)) 255

S Sa,e 0 i sl

AR Vi 13
AL SpTpe 5 olo ST 50 -
Ol ey S S psle

psle oL clas] pple Cliine 5S 0 =T
Ol iy NS S

oLl PRSI LS P W P S
Ol ks S S psle

S sk IS ez (U e g
3 en,S (S oIS S

Y-TTRAL 44 ol

E-mail: jafari.adele@gmail.com

sbos s 3 oMby OIS Wb e ek
Lleds |25 (Hyperphosphorylated  tau) — al jdub ,uls 5
Asbal (6w LS skias LSKE iS5 op Sedes 45 J- s
sl Shes 5148 ol glame] Al FF B Fr iz G &S ol
,\f;jl:J e ie Aie Sss, (Gamma secretase) 5L S LK

e Sedkes Ll s 3554 (Amyloid precursor protein, APP)

ol g5 e IOt K (Alzheimer’s disease) el gslew

5 bl s Pt L oS ol (555 50 Sl e 0y oS
sods apy, s G OBy e B G SOV I T
e 5 G SO 5 (Neurofibrillary tangles) (s M b5, 5

C)fileﬁ\)ﬂﬁrndmkgjkﬁw\wrﬁbd@jl

TU )] oylas VT 0,90 6) Feoo 00,98 o lhd (Kb iy pale ol o (K5 0uSCiils ales


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

OLlSas 5 s idea dole

Lol i somis, Jsals il s (BelxL s Bel-2)
P R S S P PN SR E R TPt
4@ C oy S by Sule 53 5 GoAS e oS (SRS s
oS Jlad 58 L ey st 53 € py S s 33,5 oo oDl s
(Apoptotic protease activating factorl, Apafl) ;s yj Blpye
(s LS o b |5 4 (Caspase) SLwlS 5 esly | K25 LSS
Sybogn ga bS5 es S Jl 1) 4w 5LalS @ 5lals
el i S ek S 5k Sl Sl ol e
ok, S 4 Jlasl b (TNF-0) W Hse 5 55,5 5986 (Jle Ol e
Sl alg 3 5 Sta LS 5t b s (TNFR) 545
55 e Jled e 5LulS 5d e Jole 53 S gu)r@mﬁw
1,PS2 5 PS1 APP PARP L5 51 S o (lacuds s 35 o
S e Jla

Ll alssten 53 G Sl J18 (ol Slalllae
5 LS, Sl il oS s e ey Lles S e
G et bL | oS g Ol e Sl 53l 5 Wean s 2l
LS5 Seo 4l 35 boasls sl @ Sl Obbew 53 s
5 sl GloS s Dsam s 4 bl syl o SB Ul
by kel S SB 4y 536 sk T oSSl Glagis g
Wlrexs | (misfolded) o3, 320 & (Glagds,y . Adl ol
s WS S B s, S 4 Jlasl L (aggregated)
3 Sl o se 5 S o S o ) Gy s 2]
NF-) o LS (glazen 581 sla s daipS 4aS 5 LS g |
sl sl 5 (INF-B) Ly 5 (TNF-0) W 5055 55,55 5550 (kB
V= 3U5ST IS 5 VY= 5l5aSTed ¢ 0-3U5Sled LS
b sS &S polheS] ozl G Ky e ke I (COX-2)
omlay e 5 e ol Vb (Sl Sty el e
T s e el e Selanl pslke

JUSl e (p kol &S RAGE 0ui Jls copl s odle
5 el Glaalanly (I8l Cxr e 5 ddb e e 4l AS skl
D13 el pen a1 Gy A s 53 5 el pilienST
NF- L3 5l ekt (gla s 03 Jlad o 3 RAGE (pizan
SES @b 5 ol conl L oedle s e INK 5 STAT &B
ERK, Extracellular signal-) rlﬁ_ L oo (,.JM PR Gl;'-

Tehran Univ Med J (TUMJ) 2021 April;79(1): 1-9

http://tumj.tums.ac.ir

e Mo e S el s JsS0se 5 sk lasly;
Oy egSlnS) e rl Jels s o (Neurodegeneration)
2 i s e A Gl W sl o S
sl e 365

ol ks s ola sUls s 4 (Polyphenols) lad g L
S50 Saos elSChibee LS 5 Olgea Jile glasla,
Ll dadsd b o0l 5l Llas S5 ary
Aol sy ol slge y3 sy 4 &S L e (Flavonoids)
S A e osledy 25 5 Sledalin (S5 syl Slam
Jelosi Ble 5 eols ssp 1y bl s Shas S5O0 S 28 w5
S ol ol 55158 (e Olgeas 35d 0 0Ll 53 S5 3
s Sl g8 S5 s &S b Gl s e by OASS
5ozl 5 AS e chib s e 53 L e il
AU e kel S s ol Dl (Ko
olS 5l e gl G5 glaeslas (pizman 5510 e
L Solem 3 o alible ) 1 5,8 Sty 53 Sibde D
T s el 0L s sladde 55y il 58l

Sl eIl Slslen 03 IS B by skl o
Sladty Sy e OF G b Sl b Akl o8 ads il
ST ol ST s 03 S e 3 5 e (S5 sk

oy 558 e bl el T s s 5 gbay 5 anils ege 1

o) Sl s e b s dtes Hibe b A5
5038 Jor w3l S pots Ll e b A el Npd e silAS)
ST SISty ol sbrl Go b 5l 5 A A5 055,08 AT
A5 00 bodS e Sl 4 Ll bl S esdle sl
5ol oy Sl Gl o e man )l 1 ST IS,
AS e 3k S 3 ST il S 03 Gasb ol
DNA css Jsho glis o 55 4 e solinSt ozl
rrees Syl s sl Colg 53 5 s n Ogrel A
S s 53w el el s Sans S s
03 358 el (S o 0 S ) sl ) (sl 5 (b8 p2e)
Ao 31 A8 o oS 1 Sl (g3dame o LIk
ol o s BOI2 S5 a3l i Slaimsn in e


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

Chalcones

o
0
Flavanonols

(o}

Flavanones
0 5110 3 s sl s SN et Skl ) S
€S aw doly K g g Al o SKiloy)l adl gs Jals 4 ead S
gl sl GLes B pbmlr 5 bl JSG el diledd Jooy ore

S ool 1) Al

" : Flavonols

o) 5l Bae Al S oS o el 0L b
s 53 S S A Ol e bl g s b S
el A flail a4 Gl laes 5 ol 5 i IS
CAae e 0> LSl ke (2B 1 (6ol dald T g s
Lol slacd pbio b Ladd 55508 U5ty oo e 558 S aze
S5 A Red apr ad h Siem e A Ol pae
ols 6(:,.,,.)

S e w2505 @UlE Al S G 5 S ok e e
PR vipw &\j;l Loaalie 5o ol e =0 Slinie Yie 35 Aal s
L s 5ol GRSl Rs e ol s 5 pad 05558
oo sSSP Jeds) i S5 A 53 2mse oy BU
il (ladd 5506 Ol Lsles J gt 0L 5 Jlazxl 4 a8 3L
Al g R 53 3 g

Sbadis 5 e Gl il ool Cy alpd alul
Ol o 2eS (Naringenin) oo )b L3 51 o lao 81« Jshe
(Quercetin, cv w5 Js,2ulS (i 35S L3 5l 5O
L sdlis ol o 558 [Kaempferol and  Myricetin)
Y 0¥

w:waJSJS cJ)J‘}})L.‘) a}ﬁﬂj )\ u.;SJJ a;aw ..L?)'J

L e 5o sl sl sl VO G /gy oS ool (quercetin)

e ‘LASJJJ("\S‘L;JI%JJ ‘)l"‘i 02 """SJI U)u‘ :‘}";Lf‘ L}"L:'

S lIT Glo s o Lo 5536 25

Mitogen-) 5sie b ol Jlad 5LS 05 5 (regulated kinase
4 IS NADPH 0530 4 (activated protein Kinase, MAPK
ROS) 05S| Jlad slaad S ity 53 ool o )5 o
ERPIEEY WT 5 5 4l L0580 (reactive Oxygen Species,
dalpt ol E e bOgs s edd sbul sl

VANS L
2ols

5 SSUEE (S5 aS hoss bdas el
,l=» (Cholinergic, glutamatergic and serotonergic) <3 5 55 o
53 S, sS Ul mals b oadsl ol ol s S e ol
sl ol o e 23

3l 1y SIS oo AL CalSas 5 e A3
5 LS Olad 4 e Gble cpl s WOsys B, sl
b albsl>= M|

2 \)l:{.x,_:jl,j@.?d(AChE)j\sz\ oIS el b
(Raphe &I, area 55500 bOss o 55 A4S 0
(Locus sy oS S5l slas,s  snuclei)
el 0l odalise Olyley ol 53 55 Coeruleus)

(5525 P 55 1S53 s Olyea P38 MAPK Lol
ol a5 3550 Sl 50 Ol i 5 gl (IS
ool 3T Je 3 1y ol alasl> p38 MAPK 5 ERK (slae S e
Jolo e s ah i Ole Sl Gl 51 A3 skl L
53¢ (CAMP response element-binding, CREB) cAMP 'C“‘l‘v

YA

P50 055 b (A I8 L DS 55l s S s sl
5 boge plal 53 55 5 Cornb 3 oz 1S sba 4 s (ol
133 g Dl o

oS ol ks atlid ASEO g Frer Sl i 08U
Ld#lsM-Y  (flavonols)  Ladsdi-) s S .5 i
uw@p}ﬂ—\‘ (isoflavones) sy b, 5-Y  (flavanols)
oM 5 (flavanonos)lay il s56-0  (anthocyanidins)
A o e (Flavones)

dam&&:ﬁw;(ﬁ\\aﬂ(\ Jg,w)l.b.l.;f}w Q)\M
By S e Aol S b5 8 ol Sobes T il s ol

el sl u’“l’“‘ r uL:SJJ ui‘ Lledls J«é}

TU ) a) oylas VT 0,90 6) Froo 00,98 i lhd (K iy pale olCiiily o (K3 0uSCiils ales


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

SllKas 5 (s rdna dle ¢

99
Ly agheol 2o
93U Ogamodly yiunsd

Lo 5N el T 5350 L3 lie (250 S G dlSe oY IS
el a5 56 0 By pd Sl oS il 5T ol g r g
23 Gm b e 5 Kb S35 D 5 5 5 T ST ol iy

Lyl SB (G, bl

e S5 Gop 5 6 s D slaenS] el (1O
A 0313 350y SOl sl gl I ke 53 15 5 53 2!
Gib b Sl s 5o s pUls Jds 4 b pl oS e e
WS M el (s TUsaSISw Ol Rals
T il ek Jol= NF-kB 5 iINOS A- .S 4 =1 (GFAP)
o bies Gans Shlee DI DI o e B sl
s 5 U ol sladdandy JaelS 1 eslizad e Ol ye
Sy 5 03508 oS BV2 LS5 S slad sk s LILPS) L
ol 01 AKT 5 INK p38-MAPK NF-kB (TLR-4 L. als
KNS sl e el Jssals Sl 215 o5 coen
L ezmes 5 sae 53 05508 5 50 sems LLST o 2l L
Sl dde 53 oliad alasl> 35 o 5o TNF-0 s MDA 2als
S OLKer 5 Beg 5d e e 55550 Al b ool bl el
0Lz Ol 3 S s ool T (b gensys Jhe 3 1y JsiulS
L 5hal S el e 5 55100t ozl 5500l &S sl
a by sl pals gy o NL Ul by s 35 esls JalS
OS5I e el
Jed 3L SBLS 5 5550 OO 1 50515 (luteolin o) 5
Loy s Sl s ol wpl 5 8 S ser
G s Sl e e DL LS Sy 1L Bes

Tehran Univ Med J (TUMJ) 2021 April;79(1): 1-9

http://tumj.tums.ac.ir

o s siSChile Dl Lol sdd 3L LS5 5 LS
N sladis 53 (i 558 ol 4 S 518 aalllan 3550 Sl S 5
53 5 edd U S 5 Sl 0SS el T Sles e vitro
by i shal 5 28l iman 5 0SS il a e wle 4z
(LS go Lad Jeuily O3 S5 G b 1 e s 0 e
L ebodS e el ATP sz [ll 5 ROS W5 2als
AMP oSl LS b Ol Jill b 5l das e 3 s
sy a8 o g (AMP-activated protein kinase, AMPK)
b dishel LSy Rl 5 APP gy it o 13kl
3l e o s 03 Vel OB Sl al s
Cllad I L e 555 0T 5 el A3l fse b A5 skl
S GaS s Osedl pid 1alS 5 (BACE-D) V-3 Suly o 5
Sl a5 bt 5o 1 oM udass slaadds JSis
R e
o 5 Bax/Bel-2 055 JWd Gk Sl S8 e A
T e (EalS e SLalS 5 C e S s Sla,

Glr e Sl K LUS 5 Sn 55 ae ! Sl 2ulS
ol st bl il el e oS Sl S 0
S Gl S Ol w5 ey oldlas Sl Gl w5 S
e A 5S el a5 2550 el Sl ST ) (65 Sl 5o ke
Mg L8 SKe 55 INOS 050k oS aianS| g s
oS &l L8 08 ml INFo L 5l sledl e slacplS sl
Mg e 0k s b3y Sle 53 Y SU5mSTISw 50T 5 i

S bl 53 50 el pl pae s (rutin) s,
S (L sidss —0-Y= xn 58) s, Sl 03 ax 5 55
el S Dag Lls s a4 dsle e S 5SS
ol 0 el gline Jde 55 45 otld Dt s s g
oS5y S G as (APPSWe/PSIAEY) a5 sla 50 o
b Bl (g e Sl sl ASshel zals L (Ve mglkg)
05058 4 0t w1 Glsews AT
@5 sl 5 05U sk 2alS (GSHIGSSG) Sl suss
S 5 sl 5 5585 S 1Al a5 MDA sl
L Dt Sl re s b Sl 5 e Sem oS ) Ol
MA/Kg S1s2) oas b Gloss iy ol 63 505 (58 sl alasl>


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

° S lIT Glo s o Lo 5536 25

sloels b (C-jun N-terminal Kinase, JNK) 4>
U e N | W L SV o3 111 IPY U LI
T AS o clablows JlAS]

0Ly (a5 (bt 3 Shas 3 by 0Dl Jse 10
ymsn Malsd pelaly ol 4B S I e a5 Sl 4l
oy & ld 3 Shas o lhe DU O sla feSe
s g lazsls alsl ol Jlg b oy s e 5 OIS abail>
Olse ol e 53 55l 5 Shas 51 0T s T Jlaz|
boaslin 53 5ol sl faSe diS il s wndl 065 (Jl
ol Sl Sas iman Lpde el s s OIS0
255U L 5 S 505 Jelse s odsS il e o bs JoSe
(NGF) _ae A, 38U 5 (BDNF) i 3l G jns 45 o
Sl Al wdls 18 W oSSO0 5 el o
lesls olas 1y ol 3 Shae 3 5ugr 2 OOl S 55 Sl
pde pime b 23D LS S s a s s
3 e ks L OLS 5l A 4 bl s g Ol 0
s g i

ol 518 a5 5l aws ool slgdlis Sl s se s
5 2l Ol G/ PM) by 5 (Y M) e &S el
Goe 03 e g WS Se glad sl 1) Slsias
Sl S8t Oly EalS 51 30 3 ol s e OLES LPS
V=058l e diSolis 5 pSB 0 st b Dlee ek Sl W)
ol s Ol sl 5 STATL 0, jins (IRF-1)
(Monocyte chemoattractant protein-1, MCP-1) o 5o obooss
Bl PS5

OUS-PI3 & aicly e Gisb 51 IS5 e i (e
nuclear ) Y-35 5l i S5SU L ke 53 5586 ol
A5 5 05 500 ‘,ﬂk_; |, (factor erythroid 2—related factor 2, Nrf-2
5B bl 3 e 5586 SN2 das 1580 15 05568
SIS ol e 5 b Sl 135 e 53 e gl g
oo s oS lge 51 NIf-2 5, il s (ARE)
ol g e s w0 0T 35,5 5 NIMf-2 00s Jleé 0 zee (keap-1)
Jeb55=y e 51 ARE L kasye 3 5l sy 555U

TR s ph e o se ates 3 |5 (1-GCS) i e

ot SLOS s ey S 5 5U5eST IS INOS Ly
B2 pudSlws p 5 S eS| A5 2l o 5 oLl
iNVIVo i sl cpl Aol s 358 0 WS S ol shee o
Ao WS S b 2alS s plie o3 s gUls
P OKg G @ ba sl 0L 50 e sl e
2 Gl LS, S b wis L e 4 5 )
Sl ol 5158 pmaman 305 SEalS LPS Lo jlas (sla i ge
oo e 53 BV2 gladshe 53 1, TLR-4 0L (Ye pM) 45 ) oS
e 5038 sl S5 el TLR-4 0,8 . uS o ,lgs LPS
Bl il pd e et slaslss 1 ol s Jles
NF- cll 2alS Cose o35 ) sy TLR4 Lo s oyl
T s sb e AKT sSMAPK JNK P38 «B

Slr 53 25msn i FO ( fedes (EGCE) (a3l8 55V
slgiieg N VIVO (gla ooy o b o LI 5155 055 05 5 5 5o
Sl S ol 5l 6,8 e 53 EGCG Ylaas! 45 uS e
A5 absl- Olais 51 (7 5 VO mglkg) oS 5 ) adb e Jse
EGCG .S oo (5,8 i LPS Cledl 51 5 55m 00 5 b A8 sl
Mg Sl s LWl sl ST S 2 5 YU 5SS sl L
03 Sz e g edd S Glaewg il s el sla S s
LS St s SUnSTHS als HE Ssns Sl tals
a4 Bl o s sl O Il J gts g5 U Sl
a3 slal Olee (28 ez ;3 BACEL 5 APP 0L, sl s
("ifi 9 S LS5l s BB - JJ)”)J\:.;}.L:J 33
i o5kl 53 55 15 VB 5 56 s STy g OIS ST
TN s e il

Sl JSE Slee b oedlgs ol sas Sos s
03 KI5 e o b ol A kel 05 SHILLL L 5 by syl
ool &S ead i IS el il B el Lol
Oy 2als 5 5l oS Janal Ol GRulsdl 5o b 5 lyden
crye 2 ke LSt S s b S-S sl TNFa
Sl st ol e S ass e e 3 G Dbl
o] (Al e e alibls IVl 5l 6 S i 53 sl (el
Sy sl sl Il Oless 5 Vsl 5 63503 oS 15 glaes]

Ol LU LS Slee Gk 3 bos, s 8 eSS ol ol

TU ) a) oylas VT 0,90 6) Froo 00,98 i lhd (K iy pale olCiiily o (K3 0uSCiils ales


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

Jafari A., et al. 1

3 S oSl (S ST A8 Dl cage DLS Sl
S s Olse w03 8 ol Jlb LIS Ko 5> TNF-a
Sl S ol (Sbgmw 310l £l Sl (slacpdibn g3l S ol 0l
51 @l NFKB 5 el sla, S als 3 b 51 (YF mg/kg)
(ped Sphge Ghae e pt3 53 LPS I U pae LS
Ao edd oSl ples Sl 5o g5l il s s
wdlew ol 0ds 5158 (Yoo mO/Kg) La o dsb sl b oleys
L gbad didl 5 (S > 5 Shas s Il a5 OS5l
See g odd edalie Sl pl s e Al L oaS

Y L.
}DQ.M

el 6 5 OS5l G2ie a5 o ege ol Alia

M= INVIVO 5 inVitro gls wy, 5o |y obs OYolesl
S Shs bl 2 Sl Bl baggol S s
i lallas gyl b Ll S 13 a5 5 5e ST S
Gt (9508 Pl e Sl 53 DLS 5 opl &S Llesls LS
Ay dshe edd s by S ol S (Gas e )
Jlesl 5 50k 5 aasl> Wl s Aol o a3 5 L
s 5 53 35 5o sl Jouily sy LS W) 18 omld
o2olse s el By o ae Olges aie 5o (S Sla o)
Olgea 1) Lol Olyn b a5 5,5 US55 ol Izl Sl

23 gas sslanal f,_ilj-,ﬂ Obeys 5o g)ls

References

1. Mu Y, Gage FH. Adult hippocampal neurogenesis and its role in
Alzheimer's disease. Mol Neurodegener 2011;6(1):1-9.

2. Hoglund K, Salter H. Molecular biomarkers of neurodegeneration.
Expert Rev Mol Diagn 2013; 13(8):845-61.

3. Gillette-Guyonnet S, Secher M, Vellas B. Nutrition and
neurodegeneration: epidemiological evidence and challenges for
future research. Br J Clin Pharmacol 2013;75(3):738-55.

4. Leuner K, Schitt T, Kurz C, Eckert SH, Schiller C, Occhipinti A,
et al. Mitochondrion-derived reactive oxygen species lead to
enhanced amyloid beta formation. Antioxid Redox Signal
2012;16(12):1421-33.

5. Abdolmaleki A, Akram M, Saeed MM, Asadi A, Kajkolah M.
Herbal medicine as neuroprotective potential agent in human and
animal models: a historical overview. J Pharm Care 2020;
8(2):75-82.

6. Davoudzadeh F, Babaei P, Jafari A. Mespilus germanica leaves
flavonoids improve passive avoidance memory and apoptosis in a
rat model of amyloid-B neurotoxicity. Physiol Pharmacol
2018;22(4):219-27.

Tehran Univ Med J (TUMJ) 2021 April;79(1): 1-9

http://tumj.tums.ac.ir

e LS e 3 s se el e S 5l SIS (0
il a5 o) 5 Dl SlSIAS 5 olddlis e s
SLLPS 51 b el fly S 5 ol o ol 0k 3155
(s XS nss MAPK 5 NFB oy e 32 o
3 LS 51 36 LS lad sl ol Al s (s fae LiE
e ole L OS5 ol s S5 gl 4 3 5 LS
o o Sl LS| S s 0Ly ials 5 STAT-1/p38
AL g S eS| A SEalS
SoolsS ol Cd sl 5 (Hesperetin) 5 jees 28 3,450 5
oo b oSt 51 b Sass sl oSS ol S el
S el Sl s Ol Lil5 or (et ) 08 S 0
XS b oL by KeoSSal 5 NFkB TNFo LS
5 4 3LelS 5 Bax P-INK Ols 5l o2l | 5 o3l 2als TLR4

Alas WS LPS (5 me > glalss 3 1y Ssesl Bel-2 il
oy 5l 1y el g alabl b So LSS B el 56 05 s
S 350 53 AES0 3 e S 5 PSD-95 p-CREB &y 45
5t 50 5 o et S el B8 il > G5 LS 5
A sy Sl 3T e 03,30 3 b 511 ST b
53 VB 5 Sk, 08 Sty 05568 U e
Sl 5 Sl s e ey cpl Sl s esls (15l s
lop b il #0505 o el Il sl gl Jle 53 alibl>

.,\MZL:L;a LGCJ}S a})\ E) J"’M 4)}(3‘ 03 S ge OAL.S QL.:gj.:

7. Lustbader JW, Cirilli M, Lin C, Xu HW, Takuma K, Wang N, et
al. ABAD directly links AR to mitochondrial toxicity in
Alzheimer's disease. Science 2004; 304(5669):448-52.

8. Sastre M, Klockgether T, Heneka MT. Contribution of
inflammatory processes to Alzheimer's disease: molecular
mechanisms. Int J Dev Neurosci 2006; 24(2-3):167-76.

9. Aslan M, Ozben T. Reactive oxygen and nitrogen species in
Alzheimer's disease. Curr Alzheimer Res 2004; 1(2):111-9.

10. Axelsen PH, Komatsu H, Murray IV. Oxidative stress and cell
membranes in the pathogenesis of Alzheimer's disease. Physiology
2011; 26(1):54-69.

11. Shimohama S. Apoptosis in Alzheimer's disease—an update.
Apoptosis 2000; 5(1):9-16.

12. Zhao H, Yenari MA, Cheng D, Sapolsky RM, Steinberg GK.
Bcl-2 overexpression protects against neuron loss within the
ischemic margin following experimental stroke and inhibits
cytochrome c translocation and caspase-3 activity. J Neurochem
2003; 85(4):1026-36.

13. Porter AG, Janicke RU. Emerging roles of caspase-3 in apoptosis.
Cell Death Differ 1999; 6(2):99-104.


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

The effect of flavonoids in the treatment of Alzheimer’s disease

ElAli A, Rivest S. Microglia in Alzheimer’s disease: a
multifaceted relationship. Brain Behav Immun 2016; 55:138-50.
Frank-Cannon TC, Alto LT, McAlpine FE, Tansey MG. Does
neuroinflammation fan the flame in neurodegenerative diseases?
Mol Neurodegener 2009; 4(1):1-13.

Calsolaro V, Edison P. Neuroinflammation in Alzheimer's disease:
current evidence and future directions. Alzheimers Dement 2016;
12(6):719-32.

Rahimifard M, Magbool F, Moeini-Nodeh S, Niaz K, Abdollahi
M, Braidy N, et al. Targeting the TLR4 signaling pathway by
polyphenols: a novel therapeutic strategy for neuroinflammation.
Ageing Res Rev 2017; 36:11-9.

Ray R, Juranek JK, Rai V. RAGE axis in neuroinflammation,
neurodegeneration and its emerging role in the pathogenesis of
amyotrophic lateral sclerosis. Neurosci Biobehav Rev 2016; 62:48-
55.

Ahmed T, Zahid S, Mahboob A, Mehpara Farhat S. Cholinergic
system and post-translational modifications: an insight on the role
in Alzheimer's disease. Curr Neuropharmacol 2017; 15(4):480-94.
Savonenko AV, Melnikova T, Hiatt A, Li T, Worley PF, Troncoso
JC, et al. Alzheimer's therapeutics: translation of preclinical
science to clinical drug development. Neuropsychopharmacology
2012;37(1):261-77.

Plotnikov A, Zehorai E, Procaccia S, Seger R. The MAPK
cascades: signaling components, nuclear roles and mechanisms of
nuclear translocation. Biochim Biophys Acta Mol Cell Res
2011;1813(9):1619-33.

Ashabi G, Ramin M, Azizi P, Taslimi Z, Alamdary SZ,
Haghparast A, et al. ERK and p38 inhibitors attenuate memory
deficits and increase CREB phosphorylation and PGC-1a levels in
ApB-injected rats. Behav Brain Res 2012; 232(1):165-73.
Spagnuolo C, Moccia S, Russo GL. Anti-inflammatory effects of
flavonoids in neurodegenerative disorders. Eur J Med Chem 2018;
153:105-15.

Youdim KA, Dobbie MS, Kuhnle G, Proteggente AR, Abbott NJ,
Rice-Evans C. Interaction between flavonoids and the blood—brain
barrier: in vitro studies. J Neurochem 2003; 85(1):180-92.

Youdim KA, Qaiser MZ, Begley DJ, Rice-Evans CA, Abbott NJ.
Flavonoid permeability across an in situ model of the blood-brain
barrier. Free Radic Biol Med 2004; 36(5):592-604.

Khan H, Ullah H, Aschner M, Cheang WS, Akkol EK.
Neuroprotective effects of quercetin in Alzheimer’s disease.
Biomolecules 2020; 10(1):59.

Khan MTH, Orhan I, Senol F, Kartal M, Sener B, Dvorska M, et
al. Cholinesterase inhibitory activities of some flavonoid
derivatives and chosen xanthone and their molecular docking
studies. Chem Biol Interact 2009; 181(3):383-9.

Shimmyo Y, Kihara T, Akaike A, Niidome T, Sugimoto H.
Flavonols and flavones as BACE-1 inhibitors: structure—activity
relationship in cell-free, cell-based and in silico studies reveal
novel pharmacophore features. Biochim Biophys Acta Gen Subj
2008;1780(5):819-25.

Wang D-M, Li S-Q, Wu W-L, Zhu X-Y, Wang Y, Yuan H-Y.
Effects of long-term treatment with quercetin on cognition and
mitochondrial function in a mouse model of Alzheimer’s disease.
Neurochem Res 2014; 39(8):1533-43.

Jiménez-Aliaga K, Bermejo-Bescos P, Benedi J, Martin-Aragon S.
Quercetin and rutin exhibit antiamyloidogenic and fibril-
disaggregating effects in vitro and potent antioxidant activity in
APPswe cells. Life Sci 2011; 89(25-26):939-45.

Khan A, Ali T, Rehman SU, Khan MS, Alam SI, Ikram M, et al.
Neuroprotective effect of quercetin against the detrimental effects
of LPS in the adult mouse brain. Front Pharmacol 2018; 9:1383.
Qureshi AA, Tan X, Reis JC, Badr MZ, Papasian CJ, Morrison
DC, et al. Inhibition of nitric oxide in LPS-stimulated
macrophages of young and senescent mice by d&-tocotrienol and
quercetin. Lipids Health Dis 2011; 10(1):1-22.

Javed H, Khan M, Ahmad A, Vaibhav K, Ahmad M, Khan A, et
al. Rutin prevents cognitive impairments by ameliorating oxidative
stress and neuroinflammation in rat model of sporadic dementia of
Alzheimer type. Neuroscience 2012; 210:340-52.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Xu P-x, Wang S-w, Yu X-I, Su Y-j, Wang T, Zhou W-w, et al.
Rutin improves spatial memory in Alzheimer's disease transgenic
mice by reducing AP oligomer level and attenuating oxidative
stress and neuroinflammation. Behav Brain Res 2014; 264:173-80.
Kouhestani S, Jafari A, Babaei P. Kaempferol attenuates cognitive
deficit via regulating oxidative stress and neuroinflammation in an
ovariectomized rat model of sporadic dementia. Neural Regen Res
2018; 13(10):1827.

Park S, Sapkota K, Kim S, Kim H, Kim S. Kaempferol acts
through mitogen-activated protein kinases and protein kinase
B/AKT to elicit protection in a model of neuroinflammation in
BV2 microglial cells. Br J Pharmacol 2011; 164(3):1008-25.

Beg T, Jyoti S, Naz F, Ali F, Ali SK, Reyad AM, et al. Protective
effect of kaempferol on the transgenic Drosophila model of
Alzheimer's disease. CNS Neurol Disord Drug Targets 2018;
17(6):421-9.

Zhu L, Bi W, Lu D, Zhang C, Shu X, Lu D. Luteolin inhibits SH-
SY5Y cell apoptosis through suppression of the nuclear
transcription factor-xB, mitogen-activated protein kinase and
protein kinase B pathways in lipopolysaccharide-stimulated
cocultured BV2 cells. Exp Ther Med 2014; 7(5):1065-70.

Burton MD, Rytych JL, Amin R, Johnson RW. Dietary luteolin
reduces proinflammatory microglia in the brain of senescent mice.
Rejuvenation Res 2016; 19(4):286-92.

Casadesus G, Shukitt-Hale B, Stellwagen HM, Zhu X, Lee H-G,
Smith MA, et al. Modulation of hippocampal plasticity and
cognitive behavior by short-term blueberry supplementation in
aged rats. Nutr Neurosci 2004; 7(5-6):309-16.

Lee Y-J, Choi D-Y, Yun Y-P, Han SB, Oh K-W, Hong JT.
Epigallocatechin-3-gallate  prevents systemic inflammation-
induced memory deficiency and amyloidogenesis via its anti-
neuroinflammatory properties. J Nutr Biochem 2013; 24(1):298-
310.

Lee YK, Yuk DY, Lee JW, Lee SY, Ha TY, Oh KW, et al. (-)-
Epigallocatechin-3-gallate prevents lipopolysaccharide-induced
elevation of beta-amyloid generation and memory deficiency.
Brain Res 2009; 1250:164-74.

Levites Y, Weinreb O, Maor G, Youdim MB, Mandel S. Green tea
polyphenol “) -epigallocatechin-3-gallate prevents
N-methyl-4-phenyl-1, 2, 3,  6-tetrahydropyridine-induced
dopaminergic neurodegeneration. J Neurochem 2001; 78(5):1073-
82.

Schroeter H, Spencer JP, Rice-Evans C, Williams RJ. Flavonoids
protect neurons from oxidized low-density-lipoprotein-induced
apoptosis involving c-Jun N-terminal kinase (JNK), c-Jun and
caspase-3. Biochem J 2001; 358(3):547-57.

Ahmed ME, Khan MM, Javed H, Vaibhav K, Khan A, Tabassum
R, et al. Amelioration of cognitive impairment and
neurodegeneration by catechin hydrate in rat model of
streptozotocin-induced experimental dementia of Alzheimer’s
type. Neurochem Int 2013;62(4):492-501.

Suganthy N, Sheeja Malar D, Pandima Devi K. In vitro
antiaggregation and deaggregation potential of Rhizophora
mucronata and its bioactive compound (+)-catechin against
Alzheimer’s beta amyloid peptide (25-35). Neurol Res 2016;
38(12):1041-51.

Henderson V. Estrogen-containing hormone therapy and
Alzheimer’s disease risk: understanding discrepant inferences
from observational and experimental research. Neuroscience 2006;
138(3):1031-9.

Fournier L, Ryan-Borchers T, Robison L, Wiediger M, Park J,
Chew B, et al. The effects of soy milk and isoflavone supplements
on cognitive performance in healthy, postmenopausal women. J
Nutr Health Aging 2007; 11(2):155-64.

Casini ML, Marelli G, Papaleo E, Ferrari A, D’ Ambrosio F, Unfer
V. Psychological assessment of the effects of treatment with
phytoestrogens on postmenopausal women: a randomized, double-
blind, crossover, placebo-controlled study. Fertil Steril 2006;
85(4):972-8.

File SE, Hartley DE, Elsabagh S, Duffy R, Wiseman H. Cognitive
improvement after 6 weeks of soy supplements in postmenopausal

TU ) a) oylas VT 0,90 6) Feoo 00,98 o5 lhd (K iy pale olCitly o (K 0uSCiils dles


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

51

52.

53.

54,

55.

56.

Jafari A, et al.

women are limited to frontal lobe function.
2005;12(2):193-201.

Baird L, Dinkova-Kostova AT. The cytoprotective role of the
Keapl-Nrf2 pathway. Arch Toxicol 2011;85(4):241-72.
Jantaratnotai N, Utaisincharoen P, Sanvarinda P, Thampithak A,
Sanvarinda Y. Phytoestrogens mediated anti-inflammatory effect
through suppression of IRF-1 and pSTAT1 expressions in
lipopolysaccharide-activated microglia. Int Immunopharmacol
2013;17(2):483-8.

Hernandez-Montes E, Pollard SE, Vauzour D, Jofre-Montseny L,
Rota C, Rimbach G, et al. Activation of glutathione peroxidase via
Nrfl mediates genistein’s protection against oxidative endothelial
cell injury. Biochem Biophys Res Commun 2006; 346(3):851-9.
Vafeiadou K, Vauzour D, Lee HY, Rodriguez-Mateos A, Williams
RJ, Spencer JP. The citrus flavanone naringenin inhibits
inflammatory signalling in glial cells and protects against
neuroinflammatory injury. Arch Biochem Biophys
2009;484(1):100-9.

Palmer TD, Willhoite AR, Gage FH. Vascular niche for adult
hippocampal neurogenesis. J Comp Neurol 2000; 425(4):479-94.
Vauzour D, Vafeiadou K, Rice-Evans C, Williams RJ, Spencer JP.
Activation of pro-survival Akt and ERK1/2 signalling pathways
underlie the anti-apoptotic effects of flavanones in cortical
neurons. J Neurochem 2007; 103(4):1355-67.

Menopause

Tehran Univ Med J (TUMJ) 2021 April;79(1): 1-9

http://tumj.tums.ac.ir

57.

58.

59.

60.

61.

62.

Muhammad T, lkram M, Ullah R, Rehman SU, Kim MO.
Hesperetin, a citrus flavonoid, attenuates LPS-induced
neuroinflammation, apoptosis and memory impairments by
modulating TLR4/NF-«B signaling. Nutrients 2019;11(3):648.
Moghaddam AH, Zare M. Neuroprotective effect of hesperetin and
nano-hesperetin on recognition memory impairment and the
elevated oxygen stress in rat model of Alzheimer’s disease.
Biomed Pharmacother 2018; 97:1096-101.

Varadinova MG, Docheva-Drenska DI, Boyadjieva NI. Effects of
anthocyanins on learning and memory of ovariectomized rats.
Menopause 2009;16(2):345-9.

Khan MS, Ali T, Kim MW, Jo MH, Jo MG, Badshah H, et al.
Anthocyanins protect against LPS-induced oxidative stress-
mediated neuroinflammation and neurodegeneration in the adult
mouse cortex. Neurochem Int 2016; 100:1-10.

Lau FC, Shukitt-Hale B, Joseph JA. Nutritional intervention in
brain aging: reducing the effects of inflammation and oxidative
stress. Subcell Biochem 2007; 42:299-318.

Williams CM, Abd EI Mohsen M, Vauzour D, Rendeiro C, Butler
LT, Ellis JA, et al. Blueberry-induced changes in spatial working
memory correlate with changes in hippocampal CREB
phosphorylation and brain-derived neurotrophic factor (BDNF)
levels. Free Radic Biol Med 2008; 45(3):295-305.


https://tumj.tums.ac.ir/article-1-11129-en.html

Downloaded from tumj.tums.ac.ir at 12:09 IRDT on Tuesday May 18th 2021

I [ ) I V I | Tehran University Medical Journal, April 2021; Vol. 79, No. 1: 1-9 Review Article

The effect of flavonoids in the treatment

Adele Jafari Ph.D.1%"
Behrooz Khakpour Taleghani
Ph.D.23

1- Cellular and Molecular Research
Center, Gilan University of Medical
Sciences, Rasht, Iran.

2- Neuroscience Research Center,
Gilan University of Medical
Sciences, Rasht, Iran.

3- Department of Physiology,
Faculty of Medicine, Gilan
University of Medical Sciences,
Rasht, Iran.

*Corresponding author: Department of
Physiology, School of Medicine, Gilan
University of Medical Sciences, Rasht,
Iran.

Tel: +98-13-33690099

E-mail: jafari.adele@gmail.com

of Alzheimer’s disease: review article

AbStraCt Received: 17 Oct. 2020 Revised: 24 Oct. 2020 Accepted: 13 Mar. 2021 Auvailable online: 21 Mar. 2021

Alzheimer’s disease (AD) is the most prevalent age-related neurodegenerative disorder
worldwide, and no cure or prevention has been found for it. Extracellular senile plaque
and intracellular neurofibrillary tangles are two important histopathological hallmarks of
AD, which are both harmful for the cell. Senile plaques are composed of amyloid beta and
neurofibrillary tangles are formed by hyperphosphorylated Tau proteins. In AD, several
cellular changes also occur, including oxidative stress, neuroinflammation, accumulation
of misfolded proteins, and mitochondrial dysfunction. These events promote neuronal
death and finally decline memory and cognition. Lack of success of the available
chemical anti-AD therapeutic agents has attracted attention to the concept of the
administration of naturally occurring compounds in the treatment of AD. These
compounds can be employed as a substitute for the chemical agents or complementary
regimens. Several natural products are deemed capable of crossing the blood-brain barrier
and are known for their central nervous system-related activity. Among the most
important of them are flavonoids. Recent evidence has demonstrated their neuroprotective
effects. These plant-derived compounds have strong effects on dementia-induced brain
disorders because of their ability to produce antioxidants. Numerous mechanisms have
been proposed for flavonoids through which they act for the prevention or recession of the
disease process. According to evidence, flavonoids inhibit acetylcholinesterase (AChE),
[-secretase (BACEL) and free radicals. They reduce the amyloid-beta toxicity and prevent
the formation of neurofibrillary tangles. Also, they help to inhibit apoptosis induced by
oxidative stress and neuroinflammation. These products have a role in synaptic plasticity
and the generation of new neurons. They can affect various signaling pathways like
Extracellular signal-regulated kinase (Erk), Phosphatidylinositol 3-kinase (PI3K)/AKT
and mitogen-activated protein kinase (MAPK). Overall, these processes can prevent the
progression of AD and improve cognitive symptoms. In the present paper, the effect of
the most important plant-derived flavonoids is briefly reviewed in different models of
AD. The mechanism of action and the important signaling pathways in reducing
neuroinflammation, apoptosis, and oxidative damage are discussed. It is concluded that
despite the beneficial effect of these compounds, future studies are needed before

flavonoids can be used as a drug in the treatment of Alzheimer’s disease.

Keywords: alzheimer’s disease, apoptosis, flavonoids, inflammation, memory.
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