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ABSTRACT

Introduction: Neuroinflammation arises from factors such as activation of glial cells, excessive
release of chemokines and cytokines, and the accumulation of blood cells in the brain, occur- §
ring in both acute and chronic stages. Oxidative stress is linked to various neurodegenerative
diseases and their pathophysiology, including Alzheimer’s disease, Parkinson’s disease, and i
amyotrophic lateral sclerosis, and it alters the inflammatory response. These two phenome-
na (oxidative stress and inflammatory response) are interconnected and influence each other.
Neurodegenerative diseases comprise a group of disorders characterized by the progressive |
degeneration and eventual loss of neurons in various brain regions, including the hippocam- |
pus, neocortex, substantia nigra, and striatum. The complex pathophysiology of these disor-
ders is influenced by the interaction of multiple mechanisms, including oxidative stress, chronic
neuroinflammation, mitochondrial dysfunction, protein misfolding, and excitotoxicity. In this
context, natural sources with high antioxidant and anti-inflammatory capacity have gained par-
ticular attention. Garlic (Allium sativum L.) is a widely recognized medicinal plant whose rich |
array of bioactive substances, particularly allicin and S-allylcysteine, has attracted substantial i
interest for its potential role in the prevention and treatment of numerous diseases, including
neurodegenerative disorders. A large portion of the plant’s properties is attributed to a diverse i
set of bioactive compounds that act synergistically through interactions with each other. Garlic
preparations, including black garlic, garlic essential oil, and especially aged garlic extract, are
rich in bioactive molecules with anti-inflammatory, antioxidant, and neuroprotective features.
These properties have made garlic and its derivatives a focus of researchers in neurodegenera-
tive diseases. Conclusion: The chemical composition and metabolic pathways of garlic, as well }

i Keywords:

as the signaling mechanisms mediated by its key derivatives in neurodegenerative diseases, sug- :

gest their potential neuroprotective and therapeutic relevance and warrant further investigation.

*Corresponding Author: Issa Layali

Email: Drissalayali@gmail.com

! 1. Neurodegenerative Diseases
" 2. Oxidative Stress

3. Neuroprotection
4. Neuroglia
5. Inflammation Mediators


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 |

r‘;u < “é_,,:e A0 ygd o MJ crggs.\u» Rrved U")T o0 )‘sw Jusb g0 )ngua Ol a8

Ol el e oDl of5T ol8ils ciliimes g pole oy carly pole ouStils ¢ cwlidiion ; 05,5

Ll oo s oS8l ol 5 (55 00ty K55y (Mallies dosyi s Sz (S5 5 (K832 (5591555500 035"

Ol ol el olﬂ oBizsls oyl (Kb pole 9oly «S5udgn 9 candism oj)f"

i wleMb|

VFe 0 caigos,)| Y8 e Mol VEF e VP idl 0

Pl Gl sl LIS ladsls g5lwdled pymen lslse 5 omas oLl Ao
e 4 5 e B jke 5 s sl gan 5 LS yian 5 LnalS5eS
P ST iy 9 55159 08 chlitie (sl o L glannST oyl a0 ) (ree 9 Sl
Py Sl i e Sy Sgeel (ol oSl g GgminS b 6 )lon el (65 len adox 5l L
L (ol Gl 5 ST ) sy 53 ol S o e g |, ol
POl (0,5 55098 (Slaslans 038 o ;b i g akis b S00S,
P it (2o o L e (8, s Sl el 3 5 ot B L a8 s
o i b lade g g (Substantia‘Nigra) R EEUWIPNIIWC S C 7S SUS I L g VOV W DS
ol st slap—aille (i iSen p Sl cood SIS ol ea o (6599 jdeil g
Pt B gl jaS g 0, Sles 0 Pl cmas e Slpdll gSloannST ol adex
L o alie ciio) oyl jo 000 )1, 8 S o s ¢ (Protein Misfolding) La .25,
Allium) s 05les S ol 055 as |y Glojng amg oladlos 5 Slos! o0l YL e s b
Ol Il G Slgo 5l S dcgomme 45 Cowl odinS S5 L gyl LS (sativum L

5ol slooly |

las lon loys g (6 uSig yo ilogall i JJo 4« S-allyleysteine g oyl 050 4s

e 0y ol (slas lass <) |
as Cladlos -V

LS,e -F

el glaalasls -0

Pogd so 03l S Jlad Cn; SloS 5 3l setie lacgomme an oS ol ol 5l slaaes
Poadex Sl lwos gl aiS o Jee 118l o D50 ;00 L iSen )b jlaS
C Il e lasSge 1 L s i 00l 4igS o )lac 05 A g e el ol

el 03,5 o 5315509,95 (sl lom de 53 SStgh 4zl 095 4 o] it
Frpls Glapaille rizmen s (S Iplie (sLd e 5 oloord 5 1g yS A
o5—all L5 )| 51 Sl g5l 5505,5 slag lom yo ol godS Glai_ie la gy ool ala_lg

S (o 1 g 0 g

Drissalayali@gmail.com 1S9 S| Conny


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

S| b sl atist (A1) ol o eS|
Gt iy iSly sledsse ols—ear (ROS)
O—oldenST 5 o) (gl Lo 0551
S99 el g (co Slmezd g0 Laniyy
Se—2y e )0 ST YL By ae Wg b o
g 5 For— slalss jo eldle oo slanl
—=lr S oy sebar ]y e ‘L_"’Q‘W‘@UT o—=b
YAYNE) S3lmice by ailoinnST ]

0)kyd 3520 waled (o) g y9 e cdslllas (ol 5l Baa
Ol Jmdcn; SluS 5 gy (J9SUgo g (ol &l 5]
S itz L cnl il i509 )9 slasbon 5o
Spdion ;o (b aie S& laeay oS ) s
Dg— a Sl ac oo Jdow SYML S e o g

solyls 5| (Allium sativum L.) ole pli Ly ;s oS
Allium o> L adie3 o Sots 3| S— g Liliaceae
Sleys 0yl Lo (2l plea sl ps jlas el
G:L._...JL' ol_:f U_" (V) \)9_...;‘59 asbb 6‘4_n.\.u 9
slmos 518 syl 5 009 lml 5 (555 0 sl (509
o)l_,a.c ¢ )\)H sLQw.;LMJ‘ ¢y u_cs) J_L;Lo (_glg_l.»."ba
‘sil_n)o u‘)_" S ol (BG) OLH..:)_H»S c\_..e;)_,.w
@basdl Ll sl osag oSl g 0l p2gd S5
V\_.S).s 40)’l_7 gy (\?) S 00)3] Cwds (_gld_h.\.u 9
d—sle calizre (_gé)_?; Sl Ml;u)ddjoég_t)‘..\_:lab
Ao agdly o | Jleo gle Sl s o Seml Loy usgo
S plS e )3 35290 (60,595 SLoS 5 03,5 s
Sl ibwdlgnsS Loy, Slaml g Sodioo w5
SlnS 5 Jolae 0. (V) 0,5 eolaiwl (g lasly uslsal
oS 5T sla S5 Jdo 4 g 05l SAMC
) U | R N U SO Sy~ B S UUHUSPN - S5

SlaS 5 Gl czge s gilwanyS anl
ojloas wgdion )] g5sdasl (g5 Bi> 5 Jlabo
SAC ol oo 5 oS oS 5 Jolod aieS e
s lounST o il aalS Ly SAC aSasciwae FruArg
SS9l F9)9— Sy 5| sl Sld s Lo g
— S dw | ;e Ul FruArg g oy ud] 055 oo
(SISl ols 5 L el g 0o ) (650
Gl o algie 053 ismlas 5 alglas
DS Ll i (55 2 0 Sles 990 5 (S9y95 S
39 so—teo it (Dl 18 o SN e ols FruArg

!'S-allyl-L-cysteine

dodso

(AD) oyl 3lT ol oo o0y ko clis Lo
L (ALS) by igeel (ol 55,8l g (PD) g5
o 3l (S Olgea gl jae Jo b il
ol o I olatdl o L el ezl slo il
Sl L g iy ST ] adloas Juaus
O R e Y e
5 SIS g 0, Shee PST o SlannST ol
A_u)mu_vLef)bju\...._mbo‘)_a&‘S._a_cuLe‘J‘
FS st sl by alS 5 (Sg)05 w55
(S—Iglie Slss o JLIS o Jolow i s o0
Jbd slodiss o dg s ool ls e ;0 055
g Gl Az Lmangl 3 o Sl asa s o S|
3 oere Dbl s olaneST oyl 4 S aas e LS
(V9 sin Lol ol 35551 5o S i Jslge

SBdle 2wl oo 4yl Jolie 50 (s DLl
Lo (S J—lse Jdo 4 ol palas Lol oS L s
Ceba S 05l o0 e 2l oloul cely Ja e
i Lagl Joas 5 JLB5 sladsb osgid i
Ll g Se 3900 (mae gl oS Cy gl i
by (ol lmosisSipalais ply—icds ooy il
bl b s (55 e as o o )
L (gl ) ilons i sl oo (55
Al el I10) il ails (Ll el i
lgs L Lstas 45 il ol 13 5305595, (5 )ba
el 1 50 (8) gty o ax Lt alabls DS 4 sl
L ol 5l (g 5 Loy —adslool (slaSD pez
s cledll las 2 Lledlin GloagsS s Al
Solo Ge9d (gmaieS )b S (o0 loml (F9)95 w55
S e Lo i 5 el oy s
23 (V) S (o0 g S S g B asibe
S5 5 ] o il gt e (gieS
5 LelSs e Jlanly il dld L S ilios slogys,s
3 sl sl b e ()0 920 0 ) Sloe Pl
Sl oy iy jlm Lol 50l5 (5 oy Sy S99
039, Sl 9 (S5 sl v L aS
cdled alidl 5 S ALS o o wl ol s Dla o
atle oo S logn jo—d g e il § LIS S
i oxso s Lis el s - (g53—2e &l ,o STREM2
(Fe¥) el )l ol 575530 5o Sl oIS

o590 Ladod padglie o Ol osd (K05 (55—
O3l 3599,55 50 (cate il el s 5 oo JoSa ]
sl oyl sloganly pbas U aaael o (A) 5l
2 &35 st (55853l 5 (s sl S0
JLsd slaasss il g (g 0 S g o, Slae P


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

“0 ol
e e
opllan o di il Ly 5 3 L sl
slpald g 0 yloe pald Loy, J—lSS sl
SV2 sla,Slis Bl 1) s sgnliw wibe s>
GluN2B 4 GIuN2A sl saxlgyy cesgds 4 PSDIS o
SS9l gl aS aas o L5 INMDA slo gt
3 ey 00 sl LS 5 ol Sl aLidl>
5 (eI 5T 5 ellas ol L) Jy e alex
il iy 5 biblne Sl L) Sy gilS598 gl
3 85 gl 5l SLS 5 ol e a (Sl g silanS]
—agleol 5 (AU S (1alS 5 Loy sl s
S s 5 b o I3 Sgo s 4o a0 s s L
S i 5y SalS e Sy g 5 Sl
s JiSn L o blass LS 5555 5 (GSK3P)
L ys9 (ys snkid odats o a5 (Erk1/2) Jslws
s—as Sladol 0t )) 559,98 4 yomie i JoSo

VY 053 oo gl A G sl 5 (0o
sloJas o s Lol oS5 leiea O_.“MJ\
Sy Sgny 4 L;lct_.gbo.o- <l sl IJJI

7= (YFY0) o)ls pmac slacaw] ials g ‘SQL_M,
ely ymmd T B e S 8l Lt o5l slnygos]
sloagbse o (pload alisl> g Sk QUly (il
b il S35 b8 (eipon 955 (on sl
ol agleal jmns )3 Gl Lol Lo ialS
5 oSgbeal Lo olaxs NCT 4 PS2 PS1 BACEIL
CABY 5 FoABY e Loy asha ui_,ol 3 55 ko
Syl re yob an La (hgs cslSgmm g fhe 03 0 FY
Sl oo oalo ylis ol s ogdle .ol ool i alS
SalS 5 SOD ol e Jbed polidl e , wa S
] ialS Sl S 558 o dialls30y5lle la
SN P SRURC JUSUSUR TDVSISNI VN TV
g—ilasnST oy wl o a s INK/c-Jun o vcs ¢ JoSg0
35— sltee Gl lasgi 0930 JUB 53] 5
(e Al oo ool c-Jun g INK ja.dl s g
Bax ol ialS Lo | (g s5-iasl Joboss ool
Gousl oo lo5l) Bel-2 gl ilil s oyl S o)
(VF) 9 oo yss Loy )98 Sbli g L o i34y
AS oo dpl Lo j—dinsilico ¢in vitro Slallas
ddgkelas i glyls o (Lol S 5 T 4 S
sle Ginlol (YY) el ,aalill (55lar )0 (558 sl
9SSy Sao j—slal g Thioflavin T il 4l8
wedale a diily Ojge dn el a5 0ol ools LS
595 oo sbten | (AB) Ly asolal (90dly yod 5 aos
la b mnd] o o a S asols Lid ixen

OAND) 08 o Uiyl g5l ol g Lyl ials

o 5 03l s (200 0T S 9
2 Sz Ol 250 (BG) sl ;o 4y ]
R e~ e SRR Ly
ooy ,5Liss 5 ooy S Lgige oy LapliSs,8 sl
“‘\—‘l‘s“ D33l oaalS (glaaid (glgize g ool Juaud
DS oo uS)—’u-')-*-“’ b ol s oS 0
SAC 3 u\_,L‘SA u,,_.ljsl =y u_u.\..:- ‘S.IMIG.JI
sl s A I\ y ﬂus"" O S u|5_..cab as
R G_t b s &l a il s e

SloST ol e syl g 158 e e JT slaal

(V) 9gd oo Jy—ame Gl (29 syl g

6555 SleS 5 sl Jds a5 e ol
Jlss 5 wdls—uiso JIlss il Jlgo ails
s ¢ o Shas claclls oo weils ey
ol (Golidas 5 (olgillad 5y 5agind g gis
ol slid g olsms cmy Lo oS 5 o
zse s Sl JLasl 5 5, o o Pl
=SS e L g WS e (290 Slaob S5
e OB el Ll s Gl slasl
V0T 0SS o Ll oy cd iy agy iealS o

loos gl 8 g i a S aas o lid Slalllas ggome o
0992 Lo L e 8l g ol o caigS e ol
STl cd )b pgie Jubdo sy OS5
o S bable Ol Sl smen g Yo Slpdlas
15509, 9 Sdplie «Jote lag len iy
Gty ;O Bl (b alie 5l (S s e
el a5 S a2 000 Lo lew ol Gleyd

e ol g Judod (gL slows 5Oy il

i g olas yans (sLo laae 45" ol s lalllae
Lo lon 50 995 (p2gdizr S g9 oSl L
AOWYYY) oS oo Loyl copo (i omaas 00 iS o )50
Ul SsS 5 5 Kl (6Lt oo o 31 51 ]
SadSs s )5 wt g sl i 53 o 9 5UT
s 3 0950 SsS 5 alo ibablone l ylies
Sl g Cmpais g e o) 9y e LA


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

é;s_)_c ;4,__‘1_3_@

(BACE) B-secretase Jolis « ,oul T 6 ,los L Ja 5 1o
butyrylcholinester- 4 (AChE) acetylcholinesterase
sials & el BACE |Lge .aiS Ly |, (BChE) ase
S ) oSl am y0 9 Limadgheal sy aJys
e 5 S 3l D5—Bes sashel Lol
i3l i 5 1, dsS Lol mla . BChE § AChE
au ) el slaae jo c3ls o, Sloe 05 g 00ls
Feol BluS 5 as ol Las GC/MS Il s s JLss
5l s 45w AMTS 5 DADS DATS oL GEO
P slaialylin iy, il STy 5 By e
(AMS) weilsos o ST 5 (AM) (LilS 5o Jodl asile
o5k & algi oo i lo |y (site (G5 a5l yome (2Ll
(V) 05 080 31 Glsmm Jos 0 Laysys il

Hhdlre S5l g yred jp 0 as ;0 9290 LS
3,15 (VD) (B s uilos lymzr Jomo )0 (tzgiizr
e 03> Ol )3 Pl LA aS (Bgye iles
ot 31 a5 o e 1y 35 il o
sl ROS o i3l s g il laiadls 4 (AD)
Sl g adBll> a5 LSy e ot JLsd (G99
Do g ul 5l 4 998 o0 At (A 5 5518
Sy o) ar (PYOTE) 05 5 anlil o ylans Ao
5 Sl 0l w SIS i slacdslie g5l
03,5 Joe NO (slojlow o lomeds a5 cul e s
0= Ol e Olyply ol oy ol g
o2ls BDNF (L gl L g aidu o0 Sota |y 750
Loy ol 5 LelS's e (55l e Jlis § GFAP oLy
B9 e Jus )3 (9,55 S e 5 ] il
Y0) aidy sy | Ll asls g oS |,
Collad g (olend OLaS 5 (o) 4 45 SR8 Al o
o=l as ol s el o 10 5w oL S
u_““.JT 9 u—"““ﬂ a—sle )L)o)_f; u[—-v-S)) — 053& L5
O—Is) 9 Gei)lsS la alaadedl 5l Lt e
Al g s 0)Slos TRGROLS 5 (ol atin
A5 aiS o sl aalllas (ol 0 g |, ACHE oy 3]
Slgicn e )3 39290 (gl 00, 5T wloS 5 aS
il ol sSas 5 S|l Sl egen
50 dedan Sl oldg sole S lgeay 5w il
(YF) 09 sola ) sl T o le gl 350 slas lows

oa R,y S 5 SeS1eS delsS oSl
slodiyed (Sl b 0 4 Sl o s
Slalllae g5 oo JuSis SHha s glaaS 5 ol
5 Lt T S a0l s Sllne S STs
Sl g Lys28 o554 Liadolel a iy oIS
Ly 5 oS oo 180 s (Sasdspied atel slaal
sl s pd LSzs 5 B-sheet o Lzl Ol oss (g
ool dm )3 g 00, 5 (S el> (o g ol
YY) sps s alS | o oo 5 5l

OFJled S 5 5 4aS s a0 o 5 e (5918
3l 6 yasl Il ogne Ko S Joe o SAC asile
5ol L oS 5 ol cas s oz sl &;u_sbu
&‘Pbsoé)_{&asuﬁ_ubjsz AA_SU‘

NO 5 MDA Ql o LialS s CAT 4 SOD (GSH @1.\_%71
2 S 5 29t 5 S 0y Slos o i
(YA cl oo 6)—“‘)” 09— um—i& ‘_“5\_‘.‘4) JA_A
— S lgieas Bl o S 9dT 5laallas S o
4.3l_.i‘~o .la)‘)_m ol_ml 9 (S u_».w] u;LB.” ‘51)_3 L_?)u
G391 L s ) o oslizl s Jaco 5 ]
Sl g s Gl e gl Jled Ay s
§ g oo j—xe <3l 0 Bax g caspase-3 slacys ol

Sois | (SIS S Sg gl 359,98 am 0
Oy a S ol flis aslllas u—_" =l (YY) S
Lo AFBI L oo olall sl a s Mo sl joge
P Ol ol cculyy Sy g e aiy ;) sloolac
eblax 515, an w_m)_w olac a2o il |,
oolo S L{bu..!yLM: P S allyl cysteme L.mw
e (5wl g H9—slglS iliBl L a8 092 e
9 oe)_f u_.»}n.: ‘) G‘LL_A-MS“SAJT L;Lmrp)j Nrf2
(V) a2 oo Hials | $o—Sghol sLacsD LSi5

63,55 SleS 5 51 )i pes (GEO) jms (it il
Sladlas as)ls guied,nd ) ol Slas col Jlad
oS slam 3T 0,0l wlus 5 ol aslesls olis


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

CAD) joslilT 5oy 53 o Hlions slaplS 3l slesdls - 3

Soigkeal GlaS g AP ass] NCT®, PS2T, PS17, BACEI" L] sl
AB fonal | AR gl yuud o B-sheet |Sis jls u—:-W-:ﬂ

c-Jung INK. & gendl yind] TNK/c-Jun pnn jloe sl
05 samnll 1 Bax/ | Bel-2 el
sl oyl | SOD" 1 / MDA’ = JLs| oo
sl o al] MDA, NO"| / GSH, SOD, CAT?{ sact

Al 05042 3 (oS Jendl AChE" 4e SAC

s Jmd Ty asisledl slocsdl)

BACEIL, AChE, BChE" -

GEO (DATS, DADS, AMTS)

Wniedgy58 T g JLIS g3laled)

1 BDNF''/| GFAP"

ot (§ e 0l

@idslial slasL]

NI2'" on 5l 5 5058 ]

(y-glutamyl peptides) ;s o las

L Hogle s e,st
d/w

Erk1/2  GSK3B (g ;Lo bt

Seegiliage il g Jsllid

(FV) 81 g )b po tlS im0 g T s L

SLosss = ks J2B ladle SISl o )Las
e A Cel g ol s ol e S eligo
3 el S et IS is e g (S o S S
=90 6-OHDA 3,5 oidu o0 S92 1) )l
39 S g )08 (55 sla sl pa b S
6 L8, IS i olou! oy ien g oS > S =
By ae Lol o i a sl o als 5 Ol sl ol
PRCSACTRRIY PR P SESI U ¥ PV-SPR G- S 1
ol mls ol .b\_aso—LS.’;)\ Iy aladls g g, S0l
S relysd slogysd 3l sl olE 055 550y las
YN S o g S5 > e pp g 00,5 o ladls
NUAD IR R UR AU PUPBWES g Pl W S SV e C

L s 50 adllas ,wo)las ;36 o)y 0gdle
(in vitro) a8 ssle;l Loyl i 58 sl 1w 51 oy
SH-SY5Y (s5—e slogiosdls,si s Jslow 03, 59, y—
awb | 7ol =l 6-OHDA —w L oo il oS )L
ol jlad Giem a5 ol (lias singhy pmd ol 0,5
)..io_m? u..._calf u_cl) OL;H..: g ) O9—"7g0 SAC l_'
U_" = 0331-9 R su‘;.\_uus“su] SLQQADLMJ u...._>|)5| 9
Lyl s 0 aSNOplO ps5g  yln a5 ool lis Lﬁb"j

2 B-site APP Cleaving Enzyme 1

3 Presenilin 1

4 Presenilin 2

° Nicastrin

® Malondialdehyde

7 Superoxide Dismutase

8 Nitric Oxide

? S-allyl-L-cysteine

10 Acetylcholinesterase

' Butyrylcholinesterase

12 Glial Fibrillary Acidic Protein

13 Brain-Derived Neurotrophic Factor
14 Nuclear factor erythroid 2-related factor 2

(PD) HgmwaS )b (5 5lows

Ol=id 3 oS )b Sle— Lo Jow jo Dlsllas
Lil copo (sbidlome i & ot )b g )low yo
el L ey PD Jily > Joa j0 (YY) oS
T YTV VUSRI A N L S| L SN PV W L
—as gleddw ol Lol s Ss ke
|, j5—usy] PKA/p-CREB/BDNF Sl , oo
aile sj_..ss.uy—‘..\..a ‘_;l_mu...i..ﬁf C.la_w ‘oo)_f )Le,c

(V) e o ials I, BAX o sle SSsaslsp

SJCHENCC N

= 50 330 s 1 opdle
5 go—dS SIS sl e 3 )b 51 SAC 0 ile
Jlael 1, 555 i Liblons ol 31 Saatnas e o ot
le,ygme 5l Sl Glis addllas SO (YEYA) oS o
Keap1/Nrf2/ So IS o 4l o e Ol 31 Lo
=30 bg s o g 3l (S e ] .ol ARE
o539, He—S B Keapl g o crmmdo Loyl i o (VAL
ULMS)S )5_~4> o (WY ‘A_S‘S‘o Lg)‘d._?dd.b 299
Jie e 4 g oo o3I N2 g oo Jisee Jsles
dilo 18w g (SlanST 5T slayys ol il


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

‘5;5-)_0 s__“_.a_c

o398l e Slsm sl o jo Slalllas mols
e ol JLsd DS 5 4 S a s o laid 3
ol G2l Gl S (o0 e |y (mae ol
iy ia) gln sl e s SAC 4 ol i a_slllae
500, 5 oS5 1) Hemwlodins Sal wools ials | slss
s R OQJJ 6)_55.19 Lmu?—u:] u_>).7u )l
5 9z o5 |, (LC3) MAPILC3A, ADNP o_sils
slaanl s o S apaS ans ials |, MMP-9 xh .
(F0) 0l i pae el 5 (530951 (Sdg 59,50
SAC siny yaos ol JUsb S 5 ol (gl alllas o

Slaog 5 5 il oo Gl 5ol (sl oyt
a3l nalS 590 do dlusly O e0d SAC L ooy Lo
Pt gmac ol jialS a 5o,b ol 5l .cul

Og—iesS b gLl ol MPTP o 5l , S50 Slsllas o
oy dm dslllae ol o b eolai il Sle> Jos jo
b S 5 lgedy, BMDA ol 4 6,50 S 5
el a—s ely > gl as E Sy s 5l i
orbgiepsisel 5 )28, Gl el 553
Sl e S 5 ol S ooy s sllas o
ol 2 5l g a5 i) o bigd e
S o Shes o5y sl 5 wuled (oS s> ae
3o in vitro Ol las i Su o og—d Lo jhge o
PERK 5 pp6s slsyme 4o )b 5| BMDA
ol phals g lacaug il g5lwJlad )L go e el
oomd 5is a5 ot oLl clacnlS5eS o LS yinw
OFE) Sl S 5 ) g Jls gllas |

(PD) (iS5 lons 35 s siliblone slapenilSs 51 (glacdls —Y Jgus

sl S paalygo slagyg st PKA/p-CREB/BDNF" 1 ouo 5l Jlai ]
sl 1 Bel-2 /| Bax o

Lo JLas
HO-1, NQOT Lo G,k 5l Glacs] 2ol gliof et (§ 3l .

ARE"™ /Nrf2"" Keapl/"

abidl> 5 (6 Tok (25 2 0 Shos S50 5 Sesligo] olows oz 33 PS5 )00 (23 3T o 0)las
v Al | IL-17, IL-8" ,TNF-¢® ol 12u SAC
DNA ol g Jshoo o gl | Nopl0 Shi

p-ERK 5 p-p65 s et uia BMDA™

! sl nlS5aS 5 LS gim Sl | g a2l 5l Jlus]

15 Brain-Derived Neurotrophic Factor

1o Kelch-like ECH-associated protein 1

17 Nuclear factor erythroid 2-related factor 2
'8 Antioxidant Response Element

! Tumor Necrosis Factor-alpha

2 Interleukin-8

2! Interleukin-1

2 N-benzyl-N-methyldecan-1-amine


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

“0 ol
M
& 5 A

Ol slmos gl 8 g o a S ols oyl aallas o =
o G bl g ol s S s 035 )
Fru- SAC ,_lai g4 o Jdoun; OloS 5 fogm |lo
>y B el (60, 555 GlEl it g mnd] Arg
sloaglon ilize sladae jo axiuily olos 5 ol
J—le (oS b il a Lo Sl 551550505
Keapl/Nrf2/ARE oile (sadS (sLo o a9 5]
sloe ! cdld jiol38l L g es, S i |) NF-kB 4
Sy sl ol il g GlansT ]

ol asllas ol ccwl e ils g8 JoB S ladle
Sad ailed o 590 A ai s S 4y SAC 4 S ols
5o el |, Syl glajlital 5 ol oDl
N-acetyl cyste- oy 500 S 5 Lo aslin (o
L S 5 ol e s g piin 0,8 (NAC) ine
Y gazmo diile sdlonST i ul Gl Ll ialS
Sg—rte dlign,S Lo Egn 5 o] Ho—elinSTy
GSH/GSSG cos (imyl38l 5 y9—3lal5 i Cnig
su._)|)._: OS)LC o._.f Lg)__,.f5l> ‘5,._‘4: MT )‘ M‘y
LPS o3l g Ly gols yials |, TNFa gas SAC
M‘y 1S GUSI- 099, )Hwo LgL{b)iJL_.M) S LBP 9
(F8) oS o 1y o] 51 ol oled! § Lgag S &l s

MS) oSl Jedle (slon 53 s (adlone (SlapasilSo 5l slaads =Y Jgur

sras Sl p s 3 gl o TNFa, IL-17") SAC
it £l 4 el (sl Jolo 5is) SAC
STl | esiligil T oSy 55,001 MMP-9"| , LC3 (MAPILC3A) 1/ADNP™™} SAC
sl ) aliig S 5o | 1 i) ogdannslnl SAC

i (sl gl b 15t GSH/GSSG &ei? SAC

Sy so Yy ame olpands S 5 45 Syl Easly 45
Silw o Yoo |y mals g3lws laibinl g awslio 4 S
$Lpooy9 8 5y 45 a0 Ot EolS gsoome )
el Ol ol et aslBais slepdlSe L ]
Saile—iz Sdggys 5 wirumlas (ol
J—5 slagslon Olays 5 iy sl Bty
Sl 5 sl eslaiwl gl (Jlo ol s jls  mac ooy
w0 S Sl Gladlas an Lo odbaoe o
g Dosaily (el (g S labl 8 g 590 (yaS
D)l 0925 lagls plw b Jletal liSlpa ol 5T 5

1. Zavar-Reza J, Mozaffari-Khosravi H, Dehghani
A, Azaraein MH, Ahmadi R, Javidmehr D, et
al. The consumption effect of garlic tablet on
biomarker  (SH-group) in

proteins  oxidation

postmenopausal osteoporotic women. 2014; 212-214.

2. Layali I, Shahriary A, Rahmani Talatappe N,
Tahmasbpour E, Rostami H, Beigi Harchegani A. Sulfur
mustard triggers oxidative stress through glutathione
depletion and altered expression of glutathione-related
enzymes in human airways. Immunopharmacology
and immunotoxicology. 2018; 40(4):  290-6.

% Interleukin-8
24 Activity-dependent neuroprotective protein
» Matrix Metalloproteinase-9

e Ly g o5l ol Loy o8 6‘)—5 Ll gsla-“)—t’
U YR 5 Y PRy VR G R W P p N 1| RN L g B SN
Ams el ) Sy dsS Plesl g gaSgll
ot slaiaagass oS jlgael ol ol 0g2g Ly
asl E5—090 (yriwdD 510 35 2>5 Og>g0 Dl alllas ;o
P islel Gladllae J ol Laools 5l sloaae i s
i paond Cobild g ol Slg> sla Jow b (in vitro)
3 £ E9-Dg0 (yragd ail g0 Sgasme Ll 4y Lo
u_...u‘ (u.._al_..u‘ ‘OL:.MJ ‘d_L.e‘S so)’l_'f) s 6)5—‘)J L_sl_awj)

&L
3. Kwon HS, Koh S-H. Neuroinflammation in

neurodegenerative disorders: the roles of microglia and
astrocytes. Translationalneurodegeneration.202;9(1):42.

4.BasiratB,RezaciKiaF,EbrahimiS.Microglia: Structure,
Function, and Role in the CNS. The Neuroscience
Journal of Shefaye Khatam. 2025; 13(4): 91-111.

5. Basirat B, Yaghoubi F, Hadei N, Davoodi-
Dehaghani F, Behzad Basirat Z, Mousavi B. The
Role of Microglia in the Pathophysiology of Post-
Traumatic ~ Stress Disorder. The Neuroscience
Journal of Shefaye Khatam. 2025; 13(4): 112-24.


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

é;s_)_c ;4._-“_3.@

6.WendimuMY,HooksSB.Microgliaphenotypesinaging
andneurodegenerativediseases.Cells.2022;11(13):2091.

7. Folta J, Rzepka Z, Wrzesniok D. The Role of
Inflammation  in  Neurodegenerative  Diseases:
Parkinson’s Disease, Alzheimer’s Disease,
and Multiple Sclerosis. International  Journal

of Molecular Sciences. 2025; 26(11): 5177.

8. Wang G, Bieberich E. Sphingolipids in
neurodegeneration (with focus on ceramide and S1P).
Advances in biological regulation. 2018; 70: 51-64.

9. Layali I, Tahmasbpour E, Joulaci M, Jorsaraci
SGA, Farzanegi P. Total antioxidant capacity and lipid
peroxidation in semen of patient with hyperviscosity.
Cell Journal (Yakhteh). 2015; 16(4): 554.

10.Olufunmilayo EO, Gerke-Duncan MB, Holsinger RD.
Oxidative stress and antioxidants in neurodegenerative
disorders.  Antioxidants.  2023;  12(2):  517.

11. Sheridan M, Ogretmen B. The role of ceramide
metabolism and signaling in the regulation of mitophagy
and cancer therapy. Cancers. 2021; 13(10): 2475.

12. Mandik F, Vos M. Neurodegenerative disorders:
Spotlight on sphingolipids. International Journal
of Molecular Sciences. 2021; 22(21): 11998.

13. Layali I, Ebrahimzadeh MA, Joulaei M. Antioxidant
properties of Galium verum. International Journal of
Life Science and Pharma Research. 2016; 6(3): L31-L7.

14. Behzad Basirat Z, Behzad Basirat AM, Mousavi B.
Pro-inflammatory and Anti-inflammatory Cytokines in
Sulfur Mustard Exposed Survivors: a review. Iranian
Journal of War and Public Health. 2025; 17(3): 1001-7.

15. Huang L, Liu Z, Wang J, Fu J, Jia Y, Ji L, et al.
Bioactivity and health effects of garlic essential oil: A
review. Food science & nutrition. 2023; 11(6): 2450-70.

16. El-Saadony MT, Saad AM, Korma SA, Salem
HM, Abd El-Mageed TA, Alkafaas SS, et al. Garlic
bioactive substances and their therapeutic applications
for improving human health: a comprehensive
review. Frontiers in immunology. 2024; 15: 1277074.

17.ShangA, Cao S-Y, Xu X-Y, GanR-Y, Tang G-Y, Corke
H, et al. Bioactive compounds and biological functions
of garlic (Allium sativum L.). Foods. 2019; 8(7): 246.

18. Song H, Cui J, Mossine VV, Greenlief CM,

Fritsche K, Sun GY, et al. Bioactive components from
garlic on brain resiliency against neuroinflammation
and neurodegeneration. Experimental and
therapeutic ~ medicine.  2020;  19(2):  1554-9.

19. Zeng W, Wang Y, Liu Y, Liu X, Qi Z. Garlic-
Derived Allicin Attenuates Parkinson’s Disease via
PKA/p-CREB/BDNF/DAT Pathway Activation and
Apoptotic Inhibition. Molecules. 2025; 30(15): 3265.

20. Ahmed T, Wang C-K. Black garlic and its
bioactive compounds on human health diseases:
A review. Molecules. 2021; 26(16): 5028.

21. Ahmadian F, Mozaffari-Khosravi H, Azaraein MH,
Faraji R, Zavar-Reza J. The effect of consumption
of garlic tablet on proteins oxidation biomarkers in
postmenopausal osteoporotic women: A randomized
clinical trial. Electronic physician. 2017; 9(11): 5670.

22. Mathew B, Biju R. Neuroprotective effects of garlic
areview. Libyan Journal of Medicine. 2008; 3(1): 23-33.

23. Munni YA, Dash R, Choi HJ, Mitra S, Hannan
MA, Mazumder K, et al. Differential effects of the
processed and unprocessed garlic (Allium sativum L.)
ethanol extracts on Neuritogenesis and synaptogenesis
in rat primary hippocampal neurons. International
Journal of Molecular Sciences. 2023; 24(17): 13386.

24. Nadeem MS, Kazmi I, Ullah I, Muhammad
K, Anwar F. Allicin, an antioxidant and
neuroprotective agent, ameliorates cognitive
impairment.  Antioxidants.  2021;  11(1):  87.

25. Li X-H, Li C-Y, Lu J-M, Tian R-B, Wei J.
Allicin  ameliorates  cognitive deficits ageing-
induced learning and memory deficits through
enhancing of Nrf2 antioxidant signaling pathways.
Neuroscience  letters.  2012;  514(1):  46-50.

26. Zhang H, Wang P, Xue Y, Liu L, Li Z, Liu Y.
Allicin ameliorates cognitive impairment in APP/PS1
mice via suppressing oxidative stress by blocking JNK
signaling pathways. Tissue and Cell. 2018; 50: 89-95.

27. Kumar S, Kumar S, Ram H. Anti-aggregation
property of Allicin by in vitro and molecular
docking  studies.  Journal = of  Experimental
Neuroscience. 2019; 13: 1179069519866185.

28. Afolayan O, Nwaogu V, Idowu O, Dosumu O.
Differential oxido-reductiveactivitiesofaged garlicextract


http://shefayekhatam.ir/article-1-2660-en.html

[ Downloaded from shefayekhatam.ir on 2026-07-16 ]

& T

and S-allyl-cysteine in genetically modified Drosophila
model of Alzheimer’s disease. BMC Complementary
Medicine and Therapies. 2025; 25(1): 392.

29. Lin J, Hong H, Liu S, Liang Z, Zheng Q, Luo K,
et al. Aflatoxin Bl exposure induces Alzheimer’s
disease like pathology by disrupting redox homeostasis
and activating ferroptotic signals in C57BL/6 J mice.
Science of The Total Environment. 2025; 970: 179049.

30. Hegazy EM, Sabry A, Khalil WK. Neuroprotective
effectsofonionandgarlicrootextractsagainstAlzheimer’s
disease in rats: Antimicrobial, histopathological, and
molecular studies. BioTechnologia. 2022; 103(2): 153.

31. Teleanu DM, Niculescu A-G, Lungu II, Radu
CI, Vladacenco O, Roza E, et al. An overview
of oxidative stress, neuroinflammation, and
neurodegenerative  diseases. International journal

of molecular sciences. 2022; 23(11): 5938.

32. Yoshioka Y, Matsumura S, Morimoto M, Takemoto
Y, Kishi C, Moriyama T, et al. Inhibitory activities
of sulfur compounds in garlic essential oil against
Alzheimer’s  disease-related enzymes and their
distribution in the mouse brain. Journal of agricultural
and food chemistry. 2021; 69(35): 10163-73.

33. Jing Z, Shi C, Zhu L, Xiang Y, Chen P, Xiong Z,
et al. Chronic cerebral hypoperfusion induces vascular
plasticity and hemodynamics but also neuronal
degeneration and cognitive impairment. Journal of
CerebralBloodFlow & Metabolism.2015;35(8):1249-59.

34. Saxena AK, Abdul-Majeed SS, Gurtu S, Mohamed
WM. Investigation of redox status in chronic cerebral
hypoperfusion-induced neurodegeneration in rats.
Applied & Translational Genomics. 2015;5:30-2.

35. Zhang X, Yang S-B, Cheng L, Ho K, Kim
M-S. Botanical mixture containing nitric oxide
metabolite enhances neural plasticity to improve
cognitive impairment in a vascular dementia

rat model. Nutrients. 2023; 15(20): 438I.

36. Sut S, Maggi F, Bruno S, Badalamenti N,
Quassinti L, Bramucci M, et al. Hairy garlic (Allium
subhirsutum) from Sicily (Italy): LC-DAD-MSn
analysis of secondary metabolites and in vitro
biological properties. Molecules. 2020; 25(12): 2837.

37. Luo J-F, Dong Y, Chen J-Y, Lu J-H. The effect and
underlying mechanisms of garlic extractagainstcognitive
impairment and Alzheimer’s disease: A systematic
review and meta-analysis of experimental animal studies.

Journal of ethnopharmacology. 2021; 280: 114423.

38. Javed H, Khan MM, Khan A, Vaibhav K,
Ahmad A, Khuwaja G, et al. S-allyl cysteine
attenuates oxidative stress associated cognitive
impairment and neurodegeneration in mouse model
of streptozotocin-induced experimental dementia of
Alzheimer’s type. Brain research. 2011; 1389: 133-42.

39. Wang L, Zhang X, Xiong X, Zhu H, Chen R, Zhang S,
etal. Nrf2 regulates oxidative stress and its role in cerebral
ischemic stroke. Antioxidants. 2022; 11(12): 2377.

40. Zhang R, Xu M, Wang Y, Xie F, Zhang G,
Qin X. Nrf2—a promising therapeutic target
for defensing against oxidative stress in stroke.
Molecular Neurobiology. 2017; 54(8): 6006-17.

41. Serafini MM, Catanzaro M, Fagiani F, Simoni E,
CaporasoR,DacremaM, etal. Modulation of Keap 1/Nrf2/
ARE signaling pathway by curcuma-and garlic-derived
hybrids. Frontiers in Pharmacology. 2020; 10: 1597.

42. Bigham M, Mohammadipour A, Hosseini
M, Malvandi AM, Ebrahimzadeh-Bideskan
A. Neuroprotective effects of garlic extract on
dopaminergic neurons of substantia nigra in a rat
model of Parkinson’s disease: motor and non-motor
outcomes. Metabolic brain disease. 2021; 36(5): 927-37.

43. Yeni Y, Cicek B, Yildirim S, Bolat I, Hacimuftuoglu
A. Ameliorating effect of S-allyl cysteine (black
garlic) on 6-OHDA mediated neurotoxicity in SH-
SYSY cell line. Toxicology Reports. 2024; 13: 101762.

44. Seol J, Kim J, Moon SM, Jung D, Kang C, Chung
KW, et al. Preventive effect of a garlic compound on
astrocyte-mediated neuroinflammation in Parkinson’s
110494.

discase. Neuropharmacology. 2025:

45. Zeinali H, Baluchnejadmojarad T, Fallah S, Sedighi
M, Moradi N, Roghani M. S-allyl cysteine improves
clinical and neuropathological features of experimental
autoimmune encephalomyelitis in C57BL/6 mice.
Biomedicine & Pharmacotherapy. 2018; 97: 557-63.

46. Escribano B, Luque E, Aguilar-Luque M, Feijoo
M, Caballero-Villarraso J, Torres L, et al. Dose-
dependent S-allyl cysteine ameliorates multiple
sclerosis  disease-related pathology by reducing
oxidative stress and biomarkers of dysbiosis in
encephalomyelitis.

experimental autoimmune

European journal of pharmacology. 2017; 815: 266-73.


http://shefayekhatam.ir/article-1-2660-en.html
http://www.tcpdf.org

