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oABSTRACT o

Infections caused by microbiological agents, mainly Porphyromonas
gingivalis, Helicobacter pylori, HIV and HSV-1, and their chronic inflammation are the
most likely etiologies contributing to the development of the pathogenesis and
complications of Alzheimer's disease (AD). It is still difficult to establish a causal
relationship between infection and Alzheimer's disease to date. But attention should be
paid to the pathogenic role of infection in Alzheimer's disease. Although infection may not
necessarily cause Alzheimer's directly, it is certainly a trigger in the development of
Alzheimer's disease.

Porphyromonas gingivalis, which causes gum disease, is one of the bacteria most
closely associated with Alzheimer's disease, and given the prevalence of periodontal
disease everywhere in the older population, studies have revealed that it causes
Alzheimer's disease and exacerbates the condition in vitro and in vivo.

Evidence based on published studies has also shown that some bacteria, such as
Helicobacter pylori, and some viruses, such as human immunodeficiency virus (HIV),
herpes simplex virus type 1 (HSV-1) and human herpes-6 (HHV-6), Human herpes 7
(HHV-7), Epstein-Barr virus (EBV), and coronavirus 2019 (COVID-19), as well as fungi
such as Candida albicans, may be associated with the development and progression of
Alzheimer's disease in general, as there is a high probability That infectious pathogens
invading the brain may play a stimulating role in the development of Alzheimer's disease,
supporting a direct or indirect relationship between infection and chronic inflammation
caused by it and Alzheimer's disease

The study of the virulence and pathogenicity factors of this pathogen contributes
to revealing its degenerative role in nervous tissue, and determines how to use this
evidence to develop new treatments for Alzheimer's disease, as many potential treatments
fail in clinical trials for this disease, indicating that current theories and applications
outdated or lead to dead end treatment methods, and this requires research into new
treatment mechanisms.

Small molecule inhibitors that target virulence factors such as gingipainase have
been designed and manufactured that lower the bacterial load of brain infection with
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Porphyromonas gingivalis, inhibit AP production, reduce neuroinflammation
neurons, and treatment Gingivitis and Alzheimer's disease.

The discovery of new anti-infective compounds and the timing of
antibacterial, antiviral or antifungal intervention, The production and application of
vaccines is one of the strategic goals for the future clinical treatment of Alzheimer's
disease.

Key words: bacterial infection, Porphyromonas gingivalis, pathogenesis, Alzheimer's,
treatment

*Professor, Department of Laboratory Medicine, Faculty of Medicine, Tartous University
** Assistant Professor, Department of Oral and Maxillofacial Surgery.Faculty of Dentistry, Tartous
University

Y¢



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

-

Gon o ol @iy coud) LS o il aall Jasyall ol QIS8 ST e adadll (s
gl Lalle ladsas s Lo sag V1Y ole b allall b (AD) Ladla3ll Giaye (e Osilas Ll e €0
amyloid-B (AB)ty skl cauls) (s salajll G Euwd)l) dumpd) Glead) GsS8 LAslall daiall
wlglly chyperphosphorylated tau protein gl (yigy 5yud Jayi e dailill duaall Ladll Sl
b S Gl e LEST G ai g Oala)l Al Ll Slumpdll e a3 Gl colacy)
a3l Gapad ALl lallaall madi ol 3 ¢ uS aa ) Cgpme 2 Ay paladll (g I ol
Jalsall Lgnanss Al diajall Gl Sl cgoaal) o Sladd sae cadl tau b s Sl AR Cilagiul e 2l
3 ¢ yalasl) age clad Lgalalas S dpseal) Lkl plaa V) alel Lea ¢ ailal (aye o Boi dda)sie dpaadl
[1,2.3,4,5.6 1oalall e dhasipell Lulgil) cbluall 8 Lnedll Jalgall auslall ool ol 5

Onll LS (6l (ggaall AndlSa o 5yadl) Ll ¢ (gpanlls LLaY) dullEs 50k 30y ) dasaalll (gam
Lol (I9) elall Galgslall go & maldl pailally aw Al Lol dasinall dlay @lly Jagy
ads clacid Llaawy) o g Chrcan lae Bagagal dacally Al 45l WA sae mleasl
=Ll latl) i J3Y) g5l (ga (TH1) 5aclusall &5 5,SIAN LS d35308 o LS Lol dadhy oy
¢ i) 0psSs (Th2)  Jaail) asls 5SIA WA 5ia3s alaill Gaare (Jally el LS die sealls Jagyall
(ol LS ol delial) i ) Aol dasiadl) (505 il (bl A iy Wil Lag Al
17.8.9,10] satasl) (iaye sk llss

2l s 3 el Gape BlaYl il 3 allal) s ddlaal ) clubal oLl
Cundll 3 anla Gajae JalaS lgale Capill o5 A3l ol daall dcaitiag cdiake Dijlea duledll <V
G Lo «lLlgDU sagall il z s Bpmaall L) WA Jadss LN 330 3 aladll (e
b Bl Al LAY dapis o e saliie Al dllia L alasll (e Cagang oudl LS ol Gl Gl )
Gl ole 8 dagal) Jalsally Baall cilendl (a5 Al Llaid o Ble @ Gl Gaye v § Lol
[10,11,12,13,14] IV saila))

central nervous (CNS) (5l uanll Sleall & dadidl spaall Laall WA
Braall Lzl LAl (gDl susall Sraraall gl IR e sr ) Lol ol duslaia 2 SYstem
Ll o Talaely cdaan DAL 48l o (LDAL Lale L) clasade Dsn qaelh Sy cLleDU saliadl
Bugall Syaall Ll WIAN 555 ol (e ala)l aped &bl daball g ddall WAL galll)
OB ey o el eg aall alling cdyuand) WAL Cage A (5350 e (AP aSIn a0y calgaly) clilgaDl
Laald) Llis sab) Gyl e clgllaig AR clangl dealy Jandgn DU saliad) spall Liall LAY
SAnlaly) LlanuVl sl ) ALYl calag syl

5l Byl dgial) LA (gpanll iat cdilpanl) Ladlaiy adladll (aye cpbaall o yall L &
LSl 0o AT dase ga Ball Hsdall (o ) Cundy dlamall Gl dauls 4gal) WA ot
[15,16,17,18,19] dasanll WIAY 3 € calig elgill ) (o258 laysn Allg cdulgly)

Yo



Olbaabas d¢ 3 3ad) A L;_,SE_”SAA\ Ggaall Ldiny Ao

(BBB)eladll (gyedl Jalall (i Aafi e Gl gl el Ludsill (55
2l (BBB) whhal sy Julls ¢Sl cuanll Sleall ) Jax (53 blood—brain barrier
& 3 cldloglly sy lly A8l Al DA e L8 5 3y ¢ alad) Gage ki b saaaall alsal
Uasipe 0S5 3 (goaall o ) i Lew « alla3ll Gubead) Liadl 8 zLaY) Glive (e waal) i)
sels ¢ lall ) medll Gilis pline Js33 (BBB) Gbhaal Jiew 3 alajll (amye sl
SN zlad b bl aaall a5 le afhall My il (el Bl dpiasall (il
G L 20l s ealall () e s ¥ lla) of ) Ll @l alaill PIA lexinl
& Ayl Jalgall (e oy cdandy) 3 Caly sl (il Gaje Gl ) (525 Lea cdlish 85l anal)
120,21,22] jeila3l) L Lasg cdupmall Lousill ()Y
sdufyal) Calaafy dsaal
b Shlaal adig gl SUS ool caal) dllal le gt SSY) lisaall (o ala3l) (e 2
IS ol ¢ e (S0 ety 38 .ol (ol DS Wl g b paall Laiaasl) 81N 3 iy o Ladl)
oyl Slisliany b b Lls o Lo ) LGNy i paall dugual) Jalgal) Canliy ¢plaiia
Luhall & Gy cpmpall sk e anlly cdalleddl lll skl Baall Glally cluball e
) Adlall 2
a3l e bt b Aaabud) dasling Kol zlaal) Lo el -
)l b Galay) Sy desill delse e el -
Abisall ladlall 3Ty (Adladl Aoy puad) Zpadhal) cliplaill b Gandl -
Aol g cduayall Al a8 dea Ll -
A Gasag cdsagiall gyl
o Sl ST Agias Ly Cisine i)l Gapel sl Apnyill cimsal (5,88 Y1
Goaall O dkdy WBhe 3gag e suaal) Ll AN e 2aall 2gagl Bl caulsl) alall aainall J8
123,24,25,26] jaaill (mye kg Aabiaall Gl el dysall cilig o) danidgy
: i) (s « Porphyromonas Gingivalis I\:fom 5\..«33):.5)3,«1\ -
Kl Allae Al Y ASatie e Aesiie g caball Aple Aisac adha A
e 53l Ll oY) Ayla) YIS Ll casedl wS15 Casss slages CilpariondS pall ol dy b pan
Dl s bl ) a5 480 Al Bl & g CDle Sy (8 AU DAY e
Capadl aua b gabell Gigan o Aggad) degill Qelse 0o waedl Gllay Al ge LY
e g (gingipain enzymes Glay) Jalgall 238 (19 cpdll Chugalt e Gl paatinal) JE5 5 (3LailY g
Jomalashdll  Madlypsgyna Ay« (lipopolysaccharide (LPS)  aall  aylKul)
B sliall CBlarss A ) (Sa Sl phosphoglycerol dihydroceramide (PGDHC)
A?Jm&\ aisall (e Bamy halie ) ey Juaig cauall & outer membrane vesicles (OMVs)

A\l



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

Clil @l ash g Gala)l e ek ae Lad pililly el Jia caall (DIA (g pdll Cligad 8 (gganll
[26,27,28] - cobadll st daaal (b Gy ¢ palaill culiaal) Liad 3 55 2 Laasas

Gundy cdalgl) CliSandl Glbigine adip doglll dydyenly Gull el GlEll cudl) ae
P. s meusd ¢ blood-brain barrier (BBB) &lell (gpaall Saladl £0as 52l cllyy (s3535 clgalY)
I8 iy cdanasdl Ll @3 «OMVs 5 LPS 3 PGDHC | gingipains 1S Wil o gingivalis
B ugbaal Cannasig (NFT dsmal) il ALY (0585 ) ALYl cdibine ST e Laae Tlgal) ol
Al il ges ranll S cdpnanl LAY il 3 aal 53 AR

s gl (B AR sy e S JSE a5 gLl Lablils Lalll dnpdysll 30 Lexe
L e uiy sl DA jeax ) a8 cBall Lzl WAL ko (dplalV) GliSgndl Gligius
90 Beud w3 P.gingivalis o cafh 33 (NFTS  dupasll alll calSlall gadU) CnsSilly tau (g 8)kud
AlE ) (35 Laa fleall iy aval) 8 Ao lial) DlaiaV) uinty Jauin e Jaad LS LAl ol 23l
phal 3b e dadidl ol Gingipains el Lads . Jshl due) 558 DS alajl) duall b )il
saliadl) cilagully @lisdly o(TLR) Jall dgas i) Lead Gingipains. 3l Jlaig «C3 gy
Logipall 550 agd dal ey -[29] dadial) dhalugy Jaill ol (LPS) dseaill al€ull clane W cculig Sl
¢ Leally dasanl) AN o Gl CllEY) o3a <l il d8lia (55 pall (sa ¢ pala}l) age 6 Judl JSi
[28,29,30 ] salall (ares (puanll Sl (& Lgiaablines

118
s o ducti
m Mic vation kakis

Pro-inflammatory Overactive Underactive
B-secretase  y-secretase cytokine production A

m

eg.  phosp
GSK3p e.g. PP2A

on | — ¢ AD P-tau
IL-1B inhibits PP2A
Rt

,
N

Neuroinf

Hypersensitive

S R
Small-scale microglia A1l astrocytes @ ot
aggregation P Aggregation
SO\
&

Neuronal BBB disruption o
=

apoptosis g&\e

v c¢° i
Mitochondrial dysfuncti . i
ochondrial dysfunction | Neurodegeneration & NFT formation
Comnith "

Oxidative stress

Cytoskeletal

AB
oligomers
g Golgi Leads to...

. y . :
Aggregation impairment loss body/mitochondrial
impairment,

7 it Neurofbrillary
o
Al (s B U By Ly wislaal il Gl (1) Jsad

AD b syiudy i aishial (asS o (65l Culigag sl 53l Ll e Al dale dadd JSaN otk
o JSa syiadl) hjie g6 AD P—tau . elajll bl Wl L 25 e calacy) Glglly « P-tau
:GSK3B g ladl i aall Sals :BBB by wighal (4555 :AB casbial (iDL (4535 5+ APP ( gk

gimnl) i) Sl :NFTS ¢ B) oSebl £ IL=1B « BY Sl i GunsSilal




Olbaabas d¢ 3 3ad) A L;_g]&_”&.d\ Ggaall Ldiny Ao

(Ve¥) Jall: jaadll
-Seymour T, Zhang J. Porphyromonas Gingivalis in the Pathogenesis of
Alzheimer’s Disease and Its Therapeutic Target. J Explor Res Pharmacol.
.2022;7(1):45-53. doi: 10.14218/JERP.2021.00030
: alail) Gy and) il L Gingipains J) clasid g
(OMVs) & ilgal (Kag P. gingivalis Lgann ¢ 5lag ;.La:\)'ﬂ 2 Gingipains )
&t a3l (e Badg caasll g dau Ul 8kud 83L) ae Lasiig couter membrane vesicles
gl any Seladll cbadll (e 780 e ST die (il Elaall 8 Wasay Sluhall sl g Ll
Lpadd Lall Sl 4 S et e iy osb s Gingipains ol s
oo Ll Aupdyell (gl Llbadl duwaall WIAN sy cneurofibrillary tangles (NFTs)
bl dam ddgplall 50 Gligiae e By (55 Hud b)) ornha e B Aadipe 5B gl
25a5 P. gingivalis o Lladl APP Uilys daadll o)l 2ie a5 .[30,31] g all Jlal
i b 5 5Ly iy taUAR e Qe 2alsm il g ledl b GINGIPAIN (e 55 cliginse
WAl o< plaid ) 55 Lee el AN cise & eDliy (s)) ccaspase-3 Luing (Af
igan oo Jiy (bl gle ) Jix gingipain cilaie of cufy glodl cpad b Al
Baliad o daxis Al e aalill aaal) Slly 56 Gle gingipain il aiay o))
Sil 2o xS gingipains  cilhia HladiuY g daall Jeay Lo 125 .5)00 55l dpaal) LAY
[30] selasll (aye i P. gingivalis 4l 4y sy LLadld
Lipopolysaccharide and AD _ula3ll R Lkl e
(bac) Qlgill Lasp Al ((Pg-LPS) duiadl) <l il P. gingivalis 1 zis
Aulgl) Gl 21 e € IS ah SRS el LPS Ciad . uaall (Sl
P. JLPS ¢f 18 iy colsill z3las i (sshal) Al WDIAT) Zpeadl) LAY Laiis layon s
ol Ga 8 Pg-LPS o ) &uas cluhy cplsl el aye cuw o) e gingivalis
S aletll Gilea) ) PG-LPS e aalill sl lgtl) oy (il z3gai 3 ) aclsd
o Lasgls «the Morris water maze sl e dalie aladinl andll s ¢ uS S8 3)SIA
Ala cuilSy P-LPS sy Lagale (K50 dadipe IL-6 5 IL-18 i dulealV) GliSsind) Gligine
sala b Apaall L) e Pg-LPS it LS ki) spaall daall DA 3 5,€ sl
gl e up L ¢ blood-cerebrospinal fluid barrier (BCSFB)gsedl claall JiLul
[31,32,33] 4ulealV) cluSgul)
g anl) QS b g el shonsil) ) asalisans Jah (A5
«P. gingivalis ik.)s; Phosphoglycerol dihydroceramides (PGDHC) -l au
Wlally ialgl) 3 jalasll sk 8 558 48 PGDHC ¢ ) i daly 3l e cilidaadll S
13 PGDHC ¢ ¢is 3) (Pg-LPS jaall )€l sacy (Pg—PGDHC) J i jaall &l duasl)

YA



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

s Aol Lsanl) LAY 3 55 b (a5 -PG-LPS (g ¢ jinalel) ciligaac 3 AB 5 APP £l (e
aasiadll e WA Gl e Jen 53 sirtuin-1 ks glaiy Pg-LPS 5 Pg-PGDHC (4 3
senescence— disanill Ladyll (gldY) el Lall w Pg-LPS 3 Pg-PGDHC )y, a4\l
Pg—PGDHC ) dalu 4l caedSy duuasll WAL & associated secretory phenotype (SASP)
sasil P. gingivalis 1 oSa Julls i) dslad) WIAY 35 mopd) WA Gse s o oSa
[34] ¢ Lall Js3.35 blood—brain barrier (BBB) .2 lall (sgeall jalall Ll (3)3aY PGDHCs
gladl ) Jsaall 2 (OMVs) il slédd) cuaiss g0

By ¢ yeladll [l 8hee dew blood-brain barrier (BBB) (gseill eloall jalall o 2e
@leall SLEN! sy gladll ) deay (531 el LD Lage L P gingivalis $slll 4yl 055
N 5 LPS Jie aped) Jalall 13g) Qleil) s o siall o5 3 (sl Gignll) uliY) dease o1
sl P.ogingivalis G5as . jalaill (aje gubadll bdly ddilpall #3lall ¢l 4 gingipains
A 5Ly (BBB) L) et me saladll (e cbad) ye udl IS xie (BBB) (sseal) e lad)
(LRP-1) iaall 0ol cdliiee bl ofedl e 8l Gob ge ol ) Lok s
Apdysll Cul€ 1)) Lo s oo cddiagll ciluhall 8 ) 4l .lipoprotein receptor-ligated protein
SLAY AaY dlase b Sh g lell U lelsds IS 1Y) Lol el e ety i §laall Jas Ll
[35,36] .OMVs 1)l e ¢ Lall ) Lglseass gingipains 5 LPS A duuyid sl

S Baagiall AT c as ol LS g L) 8 gl Ay sl dsay luhall (e a2al) i)
238 35ng Byl i Y Al sl sl delse 3sms O G e L Jang il desill Julse
QA e (b AlIb g o Loal) ) Aogiall Jpemy pia Chagind Al cladlall siay 38 Las o Leall & dagiyall
flall ) Jasy Juas of (S OMVs i [ 5 P. gingivalis 1l de g Jalse ol paaall

D oled Ly Aeginl) LSha  degdl delse e amad) e Ll Ayiydysdl OMVS (g
cuoal) Laliy (@l Mgl QLaaS) Lgie o led) (e Taae @25y «phospholipids 5 LPS  gingipains
o) e Cismall slmely cladl guen b degill Jabse iy Juagy cchumdl celiadl Sleall (e coelly
oo Ly saedl elme¥) Gilagial o LAl dyupdyoll 508 ~ledl 4 OMVs o ) dVall s
gladl ) Jgeasll OMVS I BIA (e oSa 1 dajiaadl Gl e loae OMVS jigs Cum calll Cusas
¢ Laall OMVS Gorgins . (giSall manl Slgall Jals P. gingivalis Jl de g else (U & ey cliase
el Cplaall daadl (8 sl (e Axiipell Ciligiadl ) il o3 e Jpemall saall juasS
T Aol delse 555 - alaill (e (b il 2 as e Laall ) OMVS (e 80 slael dois of ety
ol oy basy ¢l algall cins L dualiy 5aaaa dikic 5 OMVS i 53sa04) P. gingivalis 4
tsSU U] s Js G a5 WS el (a8 cually ClaeY) QLS e aald
Gad Al OMVS (e il BULY adll cansas & P.gingivalis (mjan (silly ol Cangas i lactoferrin
LS g laall b 5l Plie) ilis Gand aoal) e pailh agagd Dl g laall ) Qlaaiy) Wl cyaall oo
L il & OMVs 8 Gingipains 1) agag el .(BBB) &l (ggarll Galall L3 (e OMVs w3

Y4



Olbaabas d¢ 3 3ad) A L;_,SE_”SAA\ Ggaall Ldiny Ao

Glac¥) s o g lall ) gl J3 monocytes clamsll OMVs  cuuas of (e Asllal
1 i Jalse OMVS 3l o Laall J5an Sy b Loall U Jsemsll Lglgha e 5 cyloe dsiail
Jalailly craddl a5 sl @ ledl elal aues 8 LEVL Ll mews e P. gingivalis

[36,37]
2 (GSK3p) glycogen synthase kinase-3f P ¥ LS jliw CuagSda )9
aalaid)

Sl elail maen (& wly Gl e GSKBBY LS Sl ouasSilall o il &y
Jaii ¢ FSN e degiia Aogene Cidgind Ailiie Sllee 3 GSK3B &lis (@il nanl)
& GSK3B bl celly e sdle auglall i lly cdaniilly el Jalses cduad) cilisial
G Raliiia e Jalgall 038 S mualy (A28 Canlilly cAananll LA 0655 ¢3S cliliall 40l
22 & GSK3P Ly ¢l ) dadall Sl g ol 8yind aa Ll GSK3PB Lol Jasiysg « sala)l
e 80S desanar Laere AD 8 GSK3B 50 o (e ae )l (e (al€ S damly e lleall
LA

o waall B WSl Sy Lag (Ser9 jiuill adse b GSK3B LS apl shn didee 43
TLRA Lty ) dugilll Ayisyd o) LPS Japss ) et () eyl aalais P (ga Salgall
Ll ey enllgiDU 550 il ) LadlSy oIL=17 5 TNF-o g5 ) psall dgall LA,
GliSgiall e GSK3B Lji 2by Seady ¢ sl sytud 5abys CbleDU ugall Sl doaws 8
g« Halaill (g Baudll &35 P. gingivalis—LPS 5 piall dgall WA 8 dasidll dulgl)
Ll lgine Ciazi ¢ AD alajll Gage Jally o mandl (oS5l Sllee e 22 GSK3B (525
) Jiles ae (LTD Aalisgy NMDA Jsiss 53e35 (LTP 3 AD i culas gl ) deisyall GSK3P
L Seiall Jd el

e o oS Al ¢ Pg-LPS 5 GSK3B  cllelis asas ) [38,39,40]Ls
Byid Jajig Byl Ll WAL dhalugy dunas)) GLEN) DA e aldyll Gl sase Clea b
gy TNF= o 5 IL-1B dblugy mac clgll & il e 506 guis Pg-LPS (5S5 « 55
O Ayl iy cAaentl) LAY Sysall dgaal) WAl duaall DAY 3 GSK3PB Ll Pg-LPS
5Ly I 635 e ,ASU Laaaad Z il Jhawsg TNF-g 5 GSK3B cdlelss jimy off (Sa Pg-LPS
139,40] omnd) L) 5255 ¢ N S gid) 7 1y L Biaall Aal) LA £



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

Al astrocytes 2wy = : : :
s TLR4 activation \\\\\.)\ 0{\( Activated microglia
. N <
K ’5()’ A v
» P-1*
Neuroinflammation LPS - P. gingivalis » PGDHC cytokines
p-I* BBB failure e : e
cytokines Gingipains Neuroinflammation
LTP/LTD | |
PP2A  inhibition p Elevate AB SASP, sirtuin-1
inhibition t GSK3B Caspase-3 : » production/ downregulation
. upregulation activation » Tau truncation deposition |
Tau hyper- Apoptosis
phosphorylation v v ¥
v » Apoptosis NFT formation AB oligomers
NFT | . .
formation ‘ Neurofibrillary Oxidative Mitochonfirial
Neurofibrillary ~ Elevate AR degeneration stress dysfunction
degeneration ~ production/ ¥
deposition » Neuronal death '«

» Neuronal death 4 NEURODEGENERATION §

gl Ay o) Glalaly desh Jalge () Brgeal
el Sl @lyse LPS ¢ BY LS Sl cuasSilal) :GSK3B (Elall ggatl) Jalall :BBB ¢ B —xigbuf :AB
Pl o ghestl) Clasalppagup (AU (PGDHC (uae A lilds (NFT (Jal) gk 4y :LTP ¢ 8491 Jagh wiliss) :LTD
Suralaidldiua) :TLRA (A sinddls iyl (galall gy) Jaall :SASP ¢ AY jldugh (g :PP2A (clilgiidl aija
ot Jsil) Aguad

*P-1: pro-inflammatory

dlsal) daslall G920
(gl Slgal) Cann ) il (52585 il dugmall Losnall alya¥) e Bl Daglall (o a3
Slead s g cipmall Aol (abaY ) ALYl Badl saslly alaill aje bay L Wy
OF gl Garedl adilally  ala)l o A8l Jon 8ypdie Ay Y I dingie duhy <yl L[41] angl
Oall o Wl cojelily lgpand & ) dadal clal) Gw Lot SSY) o H. pylori duledl Gkl
ol L ¢(PD) (oSl gy (b Aulsl) Dslall &byl i Liad cililall cialy culall dslally
gl o.H. pylori] dauls digeall Gllgl) Laliy chgeall bVl sala)l iz bals)) ) zsas
clgl) salyy caad Base gl Cigan (H. pylori dulgdl sl CSTBL [ 6 ()il dyaill (ggaall
(Sl Sl Gisa o @ lall AR Gy skl i Gsn oSl Abad) Glegend) & lact)
[41,42,43]
YEWPRH JPEC]
Glug il Jadiy alaill Gaje cudl) 8 Lad lugull el b aiball cils )
S HHV=6 5 HSV-1 Jall cilugyiy 5 HIV L€l delial (aii Gugyd yalaill oagpe skety ddasiyall
.COVID-19 UigysSl Cilusg iy «C 2l ilgil) ugpig <EBV 5 HHV-7
dpdl) Ao Ual) ol (ug b (592 —
Ao bl ah g s Galiaally o 5aY) anSall deliall (ol daPlie e Ogilan ol (piapall A
Osdans ) pumpall (ans die ilaagl L ealls dafipe GlieliadS CRN ) ¢ Apmall Daal) sty cdopid)
Gpe o palill Clae¥) gl dhadne 058 8 Ally OaY) mge AR gy k) s sl 55
)



Olbaabas d¢ 3 3ad) A L;_,SE_”SAA\ Ggaall Ldiny Ao

DAy il deliall (el (ag s G WD) o (Y1 &gV 8 angy el o liall jgall (ug
Clsell Jaig aia e 50l ((EVS) exosomes ddill £)a cdiass 038 o (Kar alajl
AR Lekls . sl e ((gp120 [ tat) delid) (ali sy (AP [ tau) jalaill (e JS 3 Al
DA gy Lala M al) e Db (e daandl WDAD o0 Akl €XOSOMES 3 iyl
Aeliall s (ug b (525 ¢ OMY) (are B DAY Cases dguad pabal (B aalus taU 5 AR duanl
palass aibalisgy wiy oY) Chaay cdpnanl AN 8 A Ggon ) (BBB) e ey 53 Ly
Cilassl &S5 g daU 5 ARl eliacl Jia ¢ yatlajll bl ale 8 Jax Al Qalsall e paal
& Oyl G oty bl dagl ) e e 13g g Ladll 8 NFT duaall Gl cililialy AR
[44,45,46] fyid) deliad) ol (ugyms ¢ salail) (e Lliadl) daasy)
lrall (Sl (g lly (Tat gl Jadie e cailig pg cdapdall deliall (ali (ug il (S
duls ye tau 5 AB ae Lad HIV-Tat Jeliuy « el (iayal gl clylsal) (iaad 0 <gp120
@25 e (NFT Jinl doslall clilaall (e Alidis DA (o 1 pud e Sy cids Gig  — (g 2
[46] dujzeall g il Clalian casliall #3all (e a2 )l ¢ a3l (aye ) dileill 8
HSV Sl cilug s (ggaadl —
aie Yoo 5 danall Gungll (g Goam Glian add Avve e ST AU caly
el Guprd e G oaladll Gaje LLaY) Shd 83l of clsin Ve sad Ol b aa oSa
s Lulyy Cyghily o(pSaall) A8l degana 8 Basagall @l (ga Chaa Y,0 it el il L)
Gl Al by hlie Jli DA e Al b Lol Doy Gl el saliadl dugsl)
sk HSV-1 (g0 b s Jon A sha) @ sl gl ugnd Goann Gbiadl) (osal
P Ge il (ase LD by dslea dile 25 « APOE4 dlla goin 8 alajll (a5
ot VoYY dad) el (g dlacals Tadipall Saila3l) Giapes ol Clgins Vo Hlad i
&b b sy ) APOE4 ¢l i Tas Leitpe oIS HSV-1 L sale) IS5 of il <yl
HSV-1 o aas Gy (g« salajll aape Bla)) i 53l cagmaadl) HSV-1 (IgG) alal
Jangly ¢8eli€s HSV=1 gy dusanll WA dbia) lacal (558l 2gaall cOfilin—1 Jalisy caedb
oS AN Al Ladlais aladl (e e Ol ) oyl b cOfilin=1 & s Jls
[47] cofilin-1 clags elac) 33k oo AD alajll aaje b ymall Conall s
G Aad) daall WA & fhe ) HHV=6 Sl (g b d8laa) o ) Eas Ay )l
oo a3 Y A gl Ailhe (as 2ap 56 Gl AR Cilasl S5 )l jalagll (bl (Sl
oot Lbad) LYY Lnaall WD o gal duhy cadly J[50] mulad 1 4 g3l axs HHV-6
endoplasmic syl Agalls AP Galyy AB deall) mualy J<0 cumid HHV-6
& Sl HHV=7 5 HHV=-6A clgiun <ol 5l Giigp 8)d lajd e Lo creticulum (ER)
Lo 138 ¢ el Aalall clisigul) ol cclial) (e cililaiie GLESH DA (e Ladguall b lgie ailaj)
o Bl e £ & LS Oalill e ALY b by i HHV-6 (g0 o el

vy



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

Cabadl ooall CSF Sodll el Jilull & ailaaiae Coag 3] eladll dualyls Epstein-Barr
. [48,49,50] el o ye
(V4 2858) Lig o8l ciluag b (goo —
@laall Jie als duae Lalel s of (Ko COVID-19 (e of Lyl A1 gl
e Alias bl ) sk Ll LS cailly (3ol (i Ay o Loall JDliely gy e pally el Yl
are s Ol e sl desladl Aagindl) o ¢ dped) sl o (3Y) o USY) e L Jashall (sl
G pabd b Bk daals 4y dbaae Llgll COVID-19 (e s of (Ko caey Led el
ST Gl LS s g laall 3 A nmall Gl pud A g ledll b Aol AlaiuYy ¢ ala)l
e COVID-19 (gae) 3 il s ale iy «[52] COVID-19 o Llal) ae pulad bl duye
O ¢ Bpdiall Ll gy cJishall saall o Candly cAaliall e cu Kia g I Y ela)l (s
[50] -dauie y& yala)ll (iaye Ao COVID=19 (ug b (ss2e Ul dabeial) oY) cilalimay)
Lkl sl
il i cag Gad Y IS8 el g b ska eles cgsmsal) dalsal) (o Gl (gpal
Malassezia s Saccharomyces cerevisiae (i ¢ yalaill culad) Lol & @las) 5 Al de i)
«Malassezia limits 4 (Candida neoformans 3 ¢ Candida albicans ¢ globosa
LAY Silyladll &\}ﬂ = ually « Neosartorya hiratsukae 4 (Cladosporium
s Candida , «(Botrytis 4 ¢ Alternaria ghi cul< (AD (e Gsilan dll ajell 2ie
Aaz€all clphdll el (finl) desene U e leblas & 3 sl 4kl uliaY) e Malassezia
5Ll degenn yualic e alidis clae daene Salail) (e cpbad) oagll el syl Cilie o
[52] (Lanzall)
& (1,3)-B-glucans 5 ahill clisigully diide dijled WA dadl 35Sl cluhall @oas
gloil dudle am Ulle Lelia talts Liaya Y4 (g0 degana (0 Liaipe e aal Jalily a3l (oiase o3 Juan
liginn oo RS 5 LS cbianal e aaly g olas Wle Slels DAl pliaiye Jekily (sl ciliand
oo dlle Slstas e A ebls ataill Llas Lae Y4 o T (b Akl Slaciaall (0 Tas Al
AT aaly s (e i) (e dliine Sligiseg .Candida spp e JBY1 e asly e AU Gt
1ol deae b (@hadl) alSull ae 35a9 ) eyl Fungitell chlas) of Sl e 1S5 oY) e
ghaiul ISy ¢ Bpiiie Ak (g0 agaal L oimpal) maes o () s Lae ¢ alalls Lane Y4 (e YA
s «Saccharomyces cerevisiae : & ik &\}'ﬂ o e il sy A e gesill maadl dudidg
Glaziudl e il 5 .Phoma 4 «Penicillium 4 (Malassezia limits 4 <Malassezia globosa
Dely (A = dma V) dws « p = 0.0016) dlle dblas) 4% ae ¥/) ¢ celaill elaall L 8 dykadl
cosnsmss DS colmnl) Cliand) ik sl 1 asns el e Sl T 1 (gl Gaeall e
1l e £ ols «Saccharomyces cerevisiae (Malasezzia (Malasezzia globosa (il

S al ) ey s WS ccbphills saaie (930 ) el Les cclphidll e pls sae e cagial clie

Yy



Olbaabas d¢ 3 3ad) A L;_,SE_”SAA\ Ggaall Ldiny Ao

2539 o Lan Oalail) (mge Gubiadl aall B T LyiSilly cilhadl) e 8ie (gae o sl
[25,53] salaill (aye b dumpaall 438 clalL 5a2eie (glae
Ly peal) cilallaall

ushial ain oSlig ) B LLEYL ety Gaje a5 e 98 (AD) el (i
usba¥) o A L) Jon CESA Gl e w2l o plaall gl g Bied s by
clade Wls 357 Yy (Lol asgie e el Glajad (ol Cundl Gl ¢ ala)l Gaye LD
O Y 5aY) LY i il o @l Lyl olall e aael) Glid N9 oasall Aaes
O gy alasl) el daves Gl Gagas A5lSe] pey lig Suall Balias Aatal 4l by aughial i
(eladll (ssaall Jalall Cana (o el smge Sla cssaall e Al b ashad cilangl (6
Goaal 038 e s o ey Ag sSeal) (goaally LD Aimpe ST (0535 Mallg ¢ oLl Slealls
CabaY) il Jayy o5 Lseae Ly cclig Soall sbimall by ughaal iy iy cliaje Game Tl
Sl alare @3Sy alaill Gape cliilally ecibyhilly LyaSilly eilag pulll el & Loy cdibidal)
b O aelsy LSy el Gy oy Gus Ll Gabel) Glase o Jad) 13
Okl e

gk el (mpe (B Gliajed) Baaie (geaall dainall ool e gl bl )
sk (g Laysag clgl€in ) Baraiall Ligaal) Aie Yy ¢l Slawal dainal) Giledl) e oyl
Aadle g deaniiil saa malie skl (& delusg ¢ alill a e

Loy eyl (aba¥) Sl g RIS aaly iy b Sasie dpaddn sl shal o)
sl 22 Y1 Glalimay ccilphaill Cialiasg cilug il Clabime & ally (g Saall sliaal) =Sal)
G ) g ladl & aslsns Kl Jeadl (gie (o lig Kaall laline (e Bleal) Lpajp (nidss
351 alasll e shaing eolgilly b dughaal o Blin ) Bylae

ailall Saldaal) datlaall —

Aphailly (sl GG 2ol b dessiod) Tan Lalgl) DigdY) e Digaal) clabiall ae
¢Opansalanlly ¢ Gl ¢ Galajll (aye Blaw (A 23l JSE Lgduda &y Al dgad) Clalall (e
Ay Sl Wsean 2ladl (gl Salally aall e a4 (uSinnSoll e pald S5 g
Aathe il aely cCygunll e il dumal i) A sacly Sl elals (Llel ST Ay pailiad
LIS 85 pey 138y cAasand) g Ml ibsagid V)t Jams 3 (ol AD zilas (& Ay J8
- [54,55]@bynml) 4 0ye0 (e 52D Japally dlee T jga) cli oo diung cdaalall

s (IS Hleinl) o plimill b Dgaall clabialy cladall I il Jias
LLaYb bl b il dagaal) cilig Soall S5 a5l ¢ blae JS80 Wil Qi caindy ol
a3l e

o B Al iy Ayl e lall S G aaaanny B Cpanda)ll Au) cus
g lodl b Bpalie by Kuall sliaall 08l dujlae 4y iy BBB (geall eladll Salall s

Ye



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

Ol slhe) o i 8y ([55] Wl Gaandg AR ilaagl (sS  Galiadl Jangd cpanalinll 35359
csyadl) slacYl (e 81 Cpnt 8 Allad ST Alal) s ) ccal) 3yl e

AB clasgl Joa Aentll LAY 81y chyraall Ll IAY Gl (e gl clabially 250l Ji
APPSWE | Gy dlsdl ohidll 3 obsdll WGl e AR clasgl o Liad (it gpanl) &
o Gl oy ol (el mag ol 8 Vb OIS Lgad) clblall 23 of ) el Lee (PS1DeltaE9
Glabia @llin CilS 13 Lo Cagymall e (e 43V el Giagar Cliadll piagall b auly Gl Gle 7Dl
- [56,57] dabic daal dags

Cilug pall Baliaal) datdlaal) —

AN iy AD alail) (gl Law (HSVI Jasad) uyell (g dualdy ccilug pill (5S5 38
JiE clyyu Lo g claghal ol ) ey il sbmall Z3all cylat of G L pulll dpmpdll pes
el A ALY aes Ly Lleadl il dradl 3 ptau 5 AB &SI e HSV 1 saliadll didy)
Lpanll DAY Gl ) S Jadsill 5350 a5 Aananll dgal) WalS HSVI Lol (el gy ey
el (mpe ki

i) ek ¢ lanll Tl Gungll (b omre g3 Liae Ui Al luball el
e alasnuly Aol dlaall Zke djad clay casadl Gunell sy am dugh Adlad Gl pall saliadl)
Lais [58] dusaall ciledlally dpppudl il auity Bage cdasasl) el Cugpadl dlina Slie 525 ¢ sl
ls « Al LY Sl e 05 Jasdl Ganel) Qugod ggae ol duig Y daniall EOlaull cilily el
eloall e ilugyuill aliadll ;8w lie (e . yhal) 13 e oy il pall saliaall LVl 250!
LSl ase (8 o)laa) oy ol S Anadlll sladl (rayal dapyal duaS (A 5SIA s (3 el

Gob oe HSV-1 1 sl aeall 1S5 Caagiun Glug yuill aliaa ¢ AT ¢lsa Penciclovir ) sy
slhe) vie AB 5 cpuoill SIi b Lalitl HSV-1 Guguin (olal) )3 elils cAludll) allaind ate
[60]. y—secretase )|y Ln (15855 (f-secretase Ly (..:D'ﬁ & ol ae Y Gl Mg ¢ ISl

Gladlinl 8 Jas of (e @lug il saliadl dadlall S Adlsl cladall of ) lad) s

ohd e gt Sl pill Baliad) dalgalls Gladlall adas ek 3) copskais ¢ paladll (aye sek dgalse
Oalladl e Galiadll mpally d3lae Al Gunyells ubad) o) 4780 N Caall LlaY) Ao
.[60]

Caes 538 cidly (b)) s sty AP cilasgl 3 S (aliad o Ginkgetin 1
AlCiall Qe o Auhall sy dealesl Jain 3k ge HSV=10ug0d (g3e e 2l o el gial
i) (a5 a8 Wlad OISy (1S5 gy ¢ (opdall WAL adcadl g pally ¢ HSV-1 ol 8 s
62,63,64] s e el WAL adadll ug yudlly HSV=1 (pug iy asiem Cieliaiy oasg sl

Yo



Olbaabas d¢ 3 3ad) A L;_,SE_”SAA\ Ggaall Ldiny Ao

rclyladll Baliaal) dallaal) -
5 «Voriconazole (i «byhill saladl Gl Appadl Cpladll Ciaag
Sleall sam 43l @y Wl camphotericin B deoxycholate  «flucytosine s «fluconazole
02 O peall didl (e G5 By (el Gapall gl nlie s B Ul (Sl cuanll
G aladll sl LS ladall Sl iy Gl 138 eg L lac YT dadias ccladlal)
Cargll dladial) sl lely JoilisSadl aaan 5 L cbpladll e Same se ldle agle gl
oaly ISdg Cny JoUsSall o () &8ld) uyse dalie jlas) Laly (BUChE=IDOT I g3l
o 2l AV Al daandl a8 Tas Ul el LS 0pna¥no€ull Lganaal 1) 2 jpeal) il
BUCHE— &3]l Cagll cillafie J3Usaall culiiia (ye Alusdus paiig cotiaaly cananal o5 eiliill oda
Glbadel gkl e ajal Lds Uil dki s JeilsSedl s of I @l uimg ([DOI
[65,66,67] 33l (ia e aa saall Cargl) 44 BuChE-IDO1
(biofilm alésull) (seal) Cidall 5aliaal) dalleal) —
) Al QW Gan o B alasll (aje LlaY) Gl degall cilsall sl Jian
Ll LY (psS Gob oo Law ¥ it Glll P e Lelid) cblain) cuas of oKy
Slg Kol sl (e aaell any Lae ccilig Kol saneie Digall $aieY) 058 o (Say cbiofilm
[68] 2aly paina A Giileill
byt oars duaee Jlai @llig clgpaniy HOV-1 g b cilianall Lgnl) G282y a
A5l Sladlall g HSV-T (pany <l 13a o Aol cupglily ([68] Llaall s3a cin’ yan (4a
)il el ol €Iy ¢ 5l = Sladl Al 8 L ilaally
Sleal) dnal (3 asbal) cilasgd o sl Gan 58 Galadl) pabal ale Gl
Dl Ay s [69]0ege duadle il gb A g dutel b A3l die (5Kl sl
P. 1 (gpall cliall & e sub—MIC concentrations SN Al e Sl ool 8ala
Gssl) cliall Ly P gingivalis 3 &llse saily by Kaall sliadl) layil CaliY cgingivalis
aie 3l o) pandll Gob e dugal) eV A salias el LKA @iy ddagala
o gl cyelil ¢ aal) cagll 3 PCR Aladiuly digall 2082 Y0 Tyl ) el asis 3l
OolasS s oly ¢ fagySae £0n e el S Al S8 Cisg P gingivalis sai dady ¢ples<)
i)l gl L3V sS e 5Sua) Alsally ¢alailly caanilly Al pland Al Ll e
[69] CbasSl z3lal) sas Biliiag cdibe dugaal) duieY) Cansaly MIC (g0 i3S
4liglly daltlaal) b dsliical) culgagill
e Dliel LAl Vs e e ST Jiay a)Si as Chlaa) 8 (AD aladll (e e
Jsbas Osle VYA ) i) 82y a8 ga ¢ ala3l) Gy Llias (ad (sale 0,4 (IS Y14 Lle
oalaiY) e 7 e s lae <10 35 Jlael) b eV e adaall AnlA)) ST (Yeon Al
& AD a3l (mpe o Aealll Aplamy) SLall o celld ) eyl el 28 oda b

1



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

e iy of @il e 4 Hlasg YoV 9 ale 8 Sl Vs Jlle YA4 sy iy 808 sasiall LY
Sz cmpall 138 bl ale agdl Lpaa) alo Sl Jladl) 138 3 Canll (i cAadlal) 352l Dla Lai <)
Jainall 23l (e
gingipains J) clada -
el L) Gabaly « pala)l (ape e age sk Jale (APOE—g4) iall daal) aay
Bis 550 & Lae uall Laall Jaa liel 5 gl WA aliy ((BBB) a3 ) ok of oSe
Arg ) APOE Lis o P. gingivalis U Ko ¢gaY) dlasdl jaladll (i ciluag (A by al]
@ el Gaper antll SluahaYly el GSEll ha 50 dasas Liaw il L oS 8 Al
Lty labie Laglanslon Gride Jsa eis) CORB88 Jslis 2y P.g gl duinpdysulls dasadall )yl
Ol (aye Ll Sy 5ysha dale APOE4 oY Dlais cadll (3 e (gingipains 1) e ¥ IS
ApoE «ligig y yhal 5 .gingipains b clisg ll Jasl laal APOE lisig jr cil€ 13) Lad caal) PR
I clafe cmie S ApOE3 e dlaidl 550 58 ApoE4 oS e gingipains  ddauls
Jildl 3 LMW ApoE Llas & € (mlas) GaliS) &g ApoE wilisg ) s of ¢ gingipains
eloalls A3 (COR388 clhac| o Lagy YA oy saladll Giajes Gmbadl aladly) & eladll el
dlas 8 Lalgy 8 Gauain g n o G Auhall lily i @l Phaselb 1 dyw a4 el
APOE4 (s &iglll dyinpdyoll (goae o Uay s Lea APOE4 duulin 3L ae g Leall & (45500
iauls APOE4 &3ias (oois of masdl ol ) Tolisdy ala)ll (ape b i 5yshadl) ale
WA daes Ml ) ALYl cdelidl Dlaiayly dwasdl clliadl Lla Jd& J) gingipains

[70,71,72]
s dmaly Ly by PR G opnin Grall s s js b€ COR388 lasl Wls
P. I yen Aslic g cdangiall ) Caedl) pesladll (iager cpbiaall (alidSl dually /Y sl

oyl (Sl Jeall il COR388 & Jaxill (53515 ¢lgishn alse ,lidly gingivalis

3 pled del sl ey aaly pod J8 @iy S gingipain 1l cilhde Gl £oke s
Ol ey g leall (8 AR b «P. gingivalis U (gosil) aeall Gligine paid ) 4,500 (ggaall
Q) o COR388 alasind b Ll E3UY) 5 c(goael) zisai (il g csal (R G dpmandl D)
LS ((Plac¥l Glgd) L) sl AW Jele clisiusy AB42 5 P. gingivalis DNA I gyl (aasl)
WD s & agess fau e gingipain b aiws P. gingivalis se i@y COR388 f wub
.8y58 Yial) diiaal)

P. gingivalis dcsh Jalse aa (orude Sl i) quercetin G ,Sll sale il (he Gl
P. Ay by Suall saliadll asyil i)y . gpal) slially couisislally cgingipain ousSs lls 3 Loy
UL WS sl Ay el gally ccly Suall salias @il quercetin 1l gkl 3 «gingivalis
ety Ll € 1) sty MIC LS5 vie Gugall AueY) JSE aieg o Dhadl J=4ll quercetin
P. 1 &) shpall Jalse ady iyl of Zuhal) gl llig L aanilly Adall mdand L) duaf 1)

v



Olbaabas d¢ 3 3ad) A L;_g]&_”&.d\ Ggaall Ldiny Ao

cgpppal) G (e aie Nz ling Jaine e Jlie ol eSSl o ) il uiag cgingivalis
SN e (V) asl) diad el e adian diyla gingipains R 1) € IS by 4 (an Gua
s gingipains R ge JSU 7 A4,€ 5 7 AAY ) Ll (g Jhass ¢ jiagSaa VY,AYT &L
- [73.74] Qs Je gingipains K
Lipopolysaccharide( Pg-LPS) A )l e Gilagiu) —
ity (TLR4)E Jsill apd s s Goh (e PG-LPS Cilaginl Ladle (K
O Sad Byraall gl WA dalugy Auledl) dlaid Bla V) 13 e o (Pg-LPS e TLR4
el e GBS (e dgsng Al (e dp Ladi Loy ¢l QLN pie ) TLRE L (55,
Cilagin Aibidall @ladlall caydly AD jalaill Gy 8 TLR4 e sua 5)lai cued
Glgaall Zilal) B sl mes dgantll Galelly (oY) Chaa e caids gl il Ally (TLR4
Cidid 3 ahal) dlle daCll @liall 5 hall Al LyaSll Caagiad Al daadlad) ) of cads
O ek (A Bavwial) AY) 555 ey ¢ SHIY) lally el (e ddafipall Gl e eS IS
iadle Gl o Wil Gala3l) (e b ) 8 Taga 130 aali LPS 5 calall lu aiihal
Ciled (dabine duyide Sluba b oY) flay 8 LPS dpas ash cud o sass ala)l) agal 5ana
oe &l ae (TLR4 / CD14 5 LPS cdliiue phiiadl jalajl)l (maye oo Lliglly 75kl Calaal
Abiisal) Gluhall hainls ahal) duls adhalls < Galaill Gajye o LB LPS am #1850 dulss)
[75,76]
(PP2A ) A2 jsiliugh (yig y cilagiud —
by ddgpeall) delilal) clilall 406 Lawbigldl PP2A cilhise il a@ o
@3 8y (HHoy-AD il z3lais AD Lislall z3laill 3 jalasl) cilaale] (e 2all & (SMAPs
s (DAY Z3a 8 AB Gligiaeg 5l Bud mids PP2A Llis saby ) Jled I SMAPs
55 Byt Lo anng (SMAP dlaudsy HHey o3l 73l 8 &8)aY) ey 3y 55 ¢ ohsdl) 7 3
O SMAP 4 23l gie LS €l dalladl le PP2A Llis saby Dla e AR zl) Lajig
HHey—AD 5idll #3lai sie (y5al (18 4 Lpsan) bl Coanag (gl sanll 3 Lppanl) DA
Gl Buas Ladle damdliin) (098 B Al PP2A Lt sale) of ) Al cildaas s ellig
77 el e 2 ohell 5anas Ao A3 IS5 lalad) 286 cilasalisalud) (g ¢ paslal
Glycogen synthase kinase 3 (GSK3) ¥ jLuS jliw (pagSla cilagivl —
) rnhal) e awasll lagl Cus AD alajll (il sl 23aS (GSK3) Gilagiul &
gl & (SAR502250 ) Sl GSK3 Lafia JBI duby Chaal . gl gy Bind Jajis iy
Uy 4ty neuropsychiatric symptoms (NPS) diuall diuasl) e Vls (dasasll 4laall
Biud Lo (s ) SAR502250 ol dus cgpiull sty P301L Ly dlaedll ol & salal
Gukd 2 Ol Fley Guas (A dall Gl WAL Gige ity « Sedll daalls 5,0l & b
Saad) Al Cpaat ) SARS502250 (ol dSsldl il 35 (AB25-35 (ilacSU alud) asul)

YA



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

Al sl Cuped e AW ol b S GAPP (SW) [ Tau (VLW ) Uil dlaedd) i) 3 S)ay)
e b Jad Qlaalls 4 Ll clhsid) e il dojadl Lladl (e gaihy AB25-35 Glacdll
(GSK3 cillafia] dusasll 40l clyalill o5 L 13y cduad) cllsd) Jae ol (@RL ddagyall calSolull
[78,79] - sada3l) (e ddaiiyall (NPS) dsiill dpsasl) eV (mns p e & duilia) 4] &g
alalall) -

Gl e ¢ alajll dagally caalall Bl bl go Jgguall Cumeal) cdgilll Aol A s
skily (Apaldll dagal) cliball liagliey auaall cliall Dleall malill leiadl Gialdl J8 Ge il
Mg 1 (gpaal) e B850 Al e 401S)

Lo oAl z3sar & adlasiuly P, gingivalis 1 il lataall a)lSull e (e 7@ jucasd
S U< dpens il Alatall oy Aiasall il o Jaagly cgoaall ozl alaall il (gppll U
A o e S bl aeay 1aag gl Avipdied) s adll ik e plaall ol il o
S A Gl Eaet )l dyped) Aletl Adad QB 8 Jlad adaal) alSul) s e ety (53 0ylinal)
(QTMWZ2) S o 7l ciled claldl D8 i) WS @l (ald e iy P gingivalis
WK aaad Jalll g nlly o Q7MVLI) Fe 2+ transporter Jillly ¢ histidine Kinas
Lojg pn e Glidig g A «(Q7MWZ2 ) Capsular polysaccharide transport protein Jaésdl)
4L WAl cdalall WDll gl e bl clasleall gl (e dausly degane Gadd &3 2 apeall dalall olad
& el el Adlal) clalall) ety - WS dsdall syl o3¢l Tocells 44l LBaly « B.cells
LS e il iyl ddadipall (gganll (e dulaad) (8 Tasia opughai o (53 A (5Sauny callad 2l Jiioeal)
4w Hlasiuly KMF1 5 JKZ1 1 CTL 5 HTL 5 BCL il o daidy clailall saaie oWl juzmas
(il olgd Ay Blias i Auald aly cauliall e e i) 2l Sy e liall cilosbedl)
& Jlads aliiie yued adbg .CXCR4 (TLR2) o liall Jitisdll o Jinsally anjdll Gl Jelis il moagi
Ll Ayl olad Adaliy dgls Aelie Cllaid L)) oags 590 Ug Sleln jiug (i€l ol
.[80,81,82]

Aaiaall Al cladally jalajl (aj B adll daa g0

iagyd) Q) daagl B agasall ligySaall dainall el ) daall A e el ol
Al opayal) cdgd slal) Al Jelill aed ang U Gag copskiiy el (aye daalya) (& &) el
s Ll Gl jeeks 3ad 3 AU Aldadll &Y GlaY) ae daleill sana @ladle ) dals
g Seally ey puilly (A Gabal) Cilawe Calite Cilagul 8 ) sda gaa) Jiams ¢ adla)l)
il o) g leal) i samdl @dlsal) ) sl (g ) Jim o K ) A Gl gyl (gaY)
(b Ansd ymall Hoaill Jamag sadg Gigan e Ji cddagpal) dalglY) clelally adll Jals g Sl Jaall
Balaialy ¢layslas wial &) abal ga s dalaidll QL) e o iy <l (e a (A5Y) Alsall
a3l Gaye ek e it o dainall (e 48 cCaall g gantl) Jili L)

Y4



Olbaabas d¢ 3 3ad) A L;_,SE_”SAA\ Ggaall Ldiny Ao

(ilg Saall saliae AglEl Jalse aladiuls dugsad) cgpall sliall A\l ARy ()
Qi) daial Gl Ylghs ()€ Lsaal Jia Galadll Giape (sl Gl diday oSaall Jlad alas gl
Cbead) Laldy el LS (sl AShaY) Adagl) o Jiay Abpaal) ddadagl) cpatd Uiad Laify oo
Al alyl 31y @y Jadig (i) il ponslaaly comanal) Cpuslaall 33358 baat ¢l iy
Chaa o ¢l (oimpe (la 3 il (g Lalall 2240 o3a (8 @AY QL) alaly ¢ unally
Agas dlge Ly (3185 Mlly ¢ S IS8 duagal) QL) dilas SN Lisaa (e eyl agiillag
.P. gingivalis U

dlelly QL) dalasy GEN) aae o (Shal Chams Glaadl pana) ol Tus o

O oSer AL UL o 53l ) (s35 Lee cindl VIS oda sadis Liml 5ol ) (sad duigall
Sl P. gingivalis J dasdl ($lgall (mpaill e aclsy clgill dallasy 6,801 5850 Al ac L
O Q) Aoy daaal Lala3l) (me Gane Jlad] s lly ) dila) cpasal) skt (e Julial
8 SUPRON G 0 Y (RSO [P PR P e N PN PR V[ RN RC P P e SO
.P. gingivalis J) g8 a5

G2 By e haa) joanll a2l oladin udl aclsy gl dilia) dgngs pdl) Al eou
AVL Alae 700 M AYY Aty CpAll Alayl jhad 52l ) dsasal) A A3 aclghs AN e
o Ol agiall il (& Qs ) adl) 85 sgn g oF Sy cunlall AL (paiay ¢l
aiad) Jlad) ity ¥ Y i el Jalgall B3l ariy e Lan el aclsr lgil) Eigan Nl ¢ ol
[83,84,85,86,87,88,89] Layall 50 alisi da (pe il dillas e Lalaad) sy ¢l



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

bl

1. Angelucci, F., Cechova, K., Amlerova, J., and Hort, J. (2019). Antibiotics,
gut microbiota, and Alzheimer’s disease. J. Neuroinfl. 16:108. doi: 10.1186/s12974-019-
1494-4

2. Ashraf, G. M., Tarasov, V. V., Makhmutova, A., Chubarev, V. N., Avila-
Rodriguez, M., Bachurin, S. O, et al. (2019). The Possibility of an Infectious Etiology of
Alzheimer Disease. Mol. Neurobiol. 56, 4479-4491. doi: 10.1007/s12035-018-1388-y

3. Beydoun, M. A., Beydoun, H. A., Weiss, J., Hossain, S., EI-Hajj, Z. W., and
Zonderman, A. B. (2020). Helicobacter pylori, periodontal pathogens, and their
interactive association with incident all-cause and Alzheimer’s disease dementia in a large
national survey. Mol. Psychiatry doi: 10.1038/s41380-020-0736-2

4. Haditsch, U., Roth, T., Rodriguez, L., Hancock, S., Cecere, T., Nguyen, M.,
et al. (2020). Alzheimer’s Disease-Like Neurodegeneration in Porphyromonas gingivalis
Infected Neurons with Persistent Expression of Active Gingipains. J. Alzheimers Dis. 75,
1361-1376. doi: 10.3233/jad-200393

5. Sadrameli, M., Bathini, P., and Alberi, L. (2020). Linking mechanisms of
periodontitis to Alzheimer’s disease. Curr. Opin. Neurol. 33, 230-238. doi:
10.1097/wWC0.0000000000000797

6. Itzhaki, R. F., Golde, T. E., Heneka, M. T., and Readhead, B. (2020). Do
infections have a role in the pathogenesis of Alzheimer disease? Nat. Rev. Neurol. 16,
193-197. doi: 10.1038/s41582-020-0323-9

7. Kim, J., Kim, A. R., and Shin, E.-C. (2015). Cytomegalovirus Infection and
Memory T Cell Inflation. Immune Network 15, 186-190. doi: 10.4110/in.2015.15.4.18
8. Derhovanessian, E., Theeten, H., Hahnel, K., Van Damme, P., Cools, N.,

and Pawelec, G. (2013). Cytomegalovirus-associated accumulation of late-differentiated
CD4 T-cells correlates with poor humoral response to influenza vaccination. Vaccine 31,
685-690. doi: 10.1016/j.vaccine.2012.11.041

9. Thomas, R., Wang, W., and Su, D.-M. (2020). Contributions of Age-Related
Thymic Involution to Immunosenescence and Inflammaging. Immun. Ageing 17:2. doi:
10.1186/s12979-020-0173-8

10. Dugan, H. L., Henry, C., and Wilson, P. C. (2020). Aging and influenza
vaccine-induced immunity. Cell. Immunol. 348:103998. doi:
0.1016/j.cellimm.2019.103998

11. Hur, J. Y., Frost, G. R., Wu, X., Crump, C., Pan, S. J., Wong, E., et al.
(2020). The innate immunity protein IFITM3 modulates y-secretase in Alzheimer’s disease.
Nature 586, 735-740. doi: 10.1038/s41586-020-2681-2

12. Fulop, T., Witkowski, J. M., Olivieri, F., and Larbi, A. (2018). The
integration of inflammaging in age-related diseases. Sem. Immunol. 40, 17-35. doi:
10.1016/j.smim.2018.09.003

13. Abbas, N., Bednar, 1., Mix, E., Marie, S., Paterson, D., Ljungberg, A., et al.
(2002). Up-regulation of the inflammatory cytokines IFN-gamma and IL-12 and down-
regulation of IL-4 in cerebral cortex regions of APP(SWE) transgenic mice. J.
Neuroimmunol. 126, 50-57. doi: 10.1016/s0165-5728(02)00050-4

14. Zhang, B., Shen, P., Yin, X., Dai, Y., Ding, M., and Cui, L. (2020).
Expression and functions of cellular prion proteins in immunocytes. Scand. J. Immunol.
91:e12854. doi: 10.1111/sji.12854

£



Olbaabas d¢ 3 3ad) A L;_g]&_”&.d\ Ggaall Ldiny Ao

15. Yu, T., Yu, H.,, Zhang, B., Wang, D., Li, B., Zhu, J., et al. (2019).
Neuroprotective Promising Function for M2 Microglia in Kainic Acid-Induced
Neurotoxicity Via the Down-Regulation of NF-xB and Caspase 3 Signaling
Pathways. Neuroscience 406, 86-96. doi: 10.1016/j.neuroscience.2019.03.002

16. Zhang, X., Wang, D., Zhang, B., Zhu, J., Zhou, Z., and Cui, L. (2020).
Regulation of microglia by glutamate and its signal pathway in neurodegenerative
diseases. Drug Discov. Today 25, 1074-1085. doi: 10.1016/j.drudis.2020.04.001

17. Dubbelaar, M. L., Kracht, L., Eggen, B. J. L., and Boddeke, E. (2018).
The Kaleidoscope of Microglial Phenotypes. Front. Immunol. 9:1753. doi:
10.3389/fimmu.2018.01753

18. Nakamura, T., Oh, C. K., Liao, L., Zhang, X., Lopez, K. M., Gibbs,
D., et al. (2021). Noncanonical transnitrosylation network contributes to synapse
loss in Alzheimer’s disease. Science 371:6526. doi: 10.1126/science.aaw0843

19. Wiatrak, B., and Balon, K. (2021). Protective Activity of Af on Cell
Cultures (PC12 and THP-1 after Differentiation) Preincubated with
Lipopolysaccharide (LPS). Mol. Neurobiol. 58, 1453-1464. doi: 10.1007/s12035-
020-02204-w

20. Carter, C. J. (2017). Genetic, Transcriptome, Proteomic, and
Epidemiological Evidence for Blood-Brain Barrier Disruption and Polymicrobial
Brain Invasion as Determinant Factors in Alzheimer’s Disease. J. Alzheimers Dis.
Rep. 1, 125-157. doi: 10.3233/adr-170017

21. Lecler, A., Fournier, L., Diard-Detoeuf, C., and Balvay, D. (2017).
Blood-Brain Barrier Leakage in Early Alzheimer Disease. Radiology 282, 923-925.
doi: 10.1148/radiol.2017162578

22. Stephenson, J., Nutma, E., van der Valk, P., and Amor, S. (2018).
Inflammation in CNS neurodegenerative diseases. Immunology 154, 204-219. doi:
10.1111/imm.12922

23. Doulberis, M., Kotronis, G., Gialamprinou, D., Polyzos, S. A.,
Papaefthymiou, A., Katsinelos, P., et al. (2020). Alzheimer’s disease and
gastrointestinal microbiota; impact of Helicobacter pylori infection involvement. Int.
J. Neurosci. 131, 1-19. doi: 10.1080/00207454.2020.1738432

24, Ferini-Strambi, L., and Salsone, M. (2020). COVID-19 and
neurological disorders: are neurodegenerative or neuroimmunological diseases
more vulnerable? J. Neurol. 268, 409-419. doi: 10.1007/s00415-020-10070-8

25. Gate, D., Saligrama, N., Leventhal, O., Yang, A. C., Unger, M. S,
Middeldorp, J., et al. (2020). Clonally expanded CD8 T cells patrol the cerebrospinal
fluid in Alzheimer’s disease. Nature 577, 399—404. doi: 10.1038/s41586-019-1895-7

26. Haditsch, U., Roth, T., Rodriguez, L., Hancock, S., Cecere, T.,
Nguyen, M., et al. (2020). Alzheimer’s Disease-Like Neurodegeneration in
Porphyromonas gingivalis Infected Neurons with Persistent Expression of Active
Gingipains. J. Alzheimers Dis. 75, 1361-1376. doi: 10.3233/jad-200393

27. Yamada C, Akkaoui J, Ho A, Duarte C, Deth R, Kawai T, et al.
Potential role of phosphoglycerol dihydroceramide produced by periodontal
pathogen porphyromonas gingivalis in the pathogenesis of Alzheimer’s disease.
Front Immunol 2020;11:591571 View Article

28. Poole S, Singhrao SK, Kesavalu L, Curtis MA, Crean S. Determining
the presence of periodontopathic virulence factors in short-term postmortem

¢y



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

Alzheimer’s disease brain tissue. J Alzheimers Dis 2013;36(4):665-677 View Article
Hajishengallis G. Immune evasion strategies of Porphyromonas gingivalis. J Oral Bioschi
2011;53(3):233-240 View Atrticle

29. Dominy SS, Lynch C, Ermini F, Benedyk M, Marczyk A, Konradi A, et al.
Porphyromonas gingivalis in Alzheimer’s disease brains: Evidence for disease causation
and treatment with small-molecule inhibitors. Sci Adv 2019;5(1):eaau3333 View Article

30. Haditsch U, Roth T, Rodriguez L, Hancock S, Cecere T, Nguyen M, et al.
Alzheimer’s Disease-like neurodegeneration in porphyromonas gingivalis infected neurons
with persistent expression of active gingipains. J Alzheimers Dis 2020;75(4):1361-1376

31. Wu Z, Ni J, Liu Y, Teeling JL, Takayama F, Collcutt A, et al. Cathepsin B
plays a critical role in inducing Alzheimer’s disease-like phenotypes following chronic
systemic exposure to lipopolysaccharide from Porphyromonas gingivalis in mice. Brain
Behav Immun 2017;65:350-361 View Article

32. Zhang J, Yu C, Zhang X, Chen H, Dong J, Lu W, et al. Porphyromonas
gingivalis lipopolysaccharide induces cognitive dysfunction, mediated by neuronal
inflammation via activation of the TLR4 signaling pathway in C57BL/6 mice. J
Neuroinflammation 2018;15(1):37 View Acrticle

33. Hu Y, Li H, Zhang J, Zhang X, Xia X, Qiu C, et al. Periodontitis induced
by P. gingivalis-LPS is associated with neuroinflammation and learning and memory
impairment in sprague-dawley rats. Front Neurosci 2020;14:658 View Article

34. Zahlten J, Riep B, Nichols FC, Walter C, Schmeck B, Bernimoulin JP, et al.
Porphyromonas gingivalis dihydroceramides induce apoptosis in endothelial cells. J Dent
Res 2007;86(7):635-640 View Article

35. Nara P, Sindelar D, Penn M, Potempa J, Griffith W. Porphyromonas
gingivalis outer membrane vesicles as the major driver of and explanation for
neuropathogenesis, the cholingeric hypothesis, iron dyshomeostasis, and salivary
lactoferrin in Alzheimer’s disease. J Alzheimers Dis 2021;82(4):1417-1450 View Atrticle

36. Olsen I. Porphyromonas gingivalis may seek the Alzheimer’s disease brain
to acquire iron from its surplus. J Alzheimers Dis Rep 2021;5(1):79-86 View Article
37. Han EC, Choi SY, Lee Y, Park JW, Hong SH, Lee HJ. Extracellular RNAs

in periodontopathogenic outer membrane vesicles promote TNF-a production in human
macrophages and cross the blood-brain barrier in mice. FASEB J 2019;33(12):13412-
13422

38. Sayas CL, Avila J. GSK-3 and tau: a key duet in Alzheimer’s disease. Cells
2021;10 (4):721 .View Article
39. Lauretti E, Dincer O, Pratico D. Glycogen synthase kinase-3 signaling in

Alzheimer’s disease. Biochim Biophys Acta Mol Cell Res 2020;1867(5):118664

40. Jiang M, Zhang Z, Yan X, Mizutani S, Kashiwazaki H, Ni J, et al. GSK3p is
involved in promoting Alzheimer’s disease pathologies following chronic systemic
exposure to Porphyromonas gingivalis lipopolysaccharide in amyloid precursor
proteinNL-F/NL-F knock-in mice. Brain Behav Immun 2021;98:1-12 View Atrticle

41, Sochocka, M., Donskow-Lysoniewska, K., Diniz, B. S., Kurpas, D.,
Brzozowska, E., and Leszek, J. (2019). The Gut Microbiome Alterations and
Inflammation-Driven Pathogenesis of Alzheimer’s Disease-a Critical Review. Mol.
Neurobiol. 56, 1841-1851. doi: 10.1007/s12035-018-1188-4

Y



Olbaabas d¢ 3 3ad) A L;_g]&_”&.d\ Ggaall Ldiny Ao

42. Fu, P., Gao, M., and Yung, K. K. L. (2020). Association of Intestinal
Disorders with Parkinson’s Disease and Alzheimer’s Disease: A Systematic Review
and Meta-Analysis. ACS Chem. Neurosci. 11, 395-405. doi:
10.1021/acschemneuro.9b00607

43. Albaret, G., Sifré, E., Floch, P., Laye, S., Aubert, A., Dubus, P., et al.
(2020). Alzheimer’s Disease and Helicobacter pylori Infection: Inflammation from
Stomach to Brain? J. Alzheimers Dis. 73, 801-809. doi: 10.3233/jad-190496

44, Canet, G., Dias, C., Gabelle, A., Simonin, Y., Gosselet, F., Marchi,
N., et al. (2018). HIV Neuroinfection and Alzheimer’s Disease: Similarities and
Potential Links? Front. Cell Neurosci. 12:307. doi: 10.3389/fncel.2018.00307

45, Hategan, A., Masliah, E., and Nath, A. (2019). HIV and Alzheimer’s
disease: complex interactions of HIV-Tat with amyloid p peptide and Tau protein. J.
Neurovirol. 25, 648-660. doi: 10.1007/s13365-019-00736-z

46. Kodidela, S., Gerth, K., Haque, S., Gong, Y., Ismael, S., Singh, A., et
al. (2019). Extracellular Vesicles: A Possible Link between HIV and Alzheimer’s
Disease-Like Pathology in HIV Subjects? Cells 8:9. doi: 10.3390/cells8090968

47. Tzeng, N. S., Chung, C. H., Lin, F. H., Chiang, C. P., Yeh, C. B,
Huang, S. Y., et al. (2018). Anti-herpetic Medications and Reduced Risk of Dementia
in Patients with Herpes Simplex Virus Infections-a Nationwide, Population-Based
Cohort Study in Taiwan. Neurotherapeutics 15, 417-429. doi: 10.1007/s13311-018-
0611-x

48. Wang, Y., Song, X., Wang, Y., Huang, L., Luo, W., Li, F., et al.
(2020). Dysregulation of cofilin-1 activity-the missing link between herpes simplex
virus type-1 infection and Alzheimer’s disease. Critical Rev. Microbiol
2020:32715819. doi: 10.1080/1040841X.2020.1794789

49, Eimer, W. A, Vijaya Kumar, D. K., Navalpur Shanmugam, N. K.,
Rodriguez, A. S., Mitchell, T., Washicosky, K. J., et al. (2018). Alzheimer’s Disease-
Associated f-Amyloid Is Rapidly Seeded by Herpesviridae to Protect against Brain
Infection. Neuron 100, 1527-1532. doi: 10.1016/j.neuron.2018.11.043

50. Romeo, M. A., Gilardini Montani, M. S., Gaeta, A., D’Orazi, G.,
Faggioni, A., and Cirone, M. (2020). HHV-6A infection dysregulates autophagy/UPR
interplay increasing beta amyloid production and tau phosphorylation in
astrocytoma cells as well as in primary neurons, possible molecular mechanisms
linking viral infection to Alzheimer’s disease. Biochim. Biophys. Acta. Mol. Basis
Dis. 1866:165647. doi: 10.1016/j.bbadis.2019.165647.

51. Fotuhi, M., Mian, A., Meysami, S., and Raji, C. A. (2020).
Neurobiology of COVID-19. J. Alzheimers Dis. 76, 3-19. doi: 10.3233/jad-200581

52. Alonso, R., Pisa, D., Ferndndez-Fernandez, A. M., and Carrasco, L.
(2018). Infection of Fungi and Bacteria in Brain Tissue From Elderly Persons and
Patients With Alzheimer’s Disease. Front. Aging Neurosci. 10:159. doi:
10.3389/fnagi.2018.00159

53. Dana Vigasova, Michal Nemergut , Barbora Liskova , Jiri
Damborsky . Multi-pathogen infections and Alzheimer's disease. 2021 Jan
28;20(1):25. doi: 10.1186/512934-021-01520-7.

54, Claudia Balducci, Gianluigi Forloni. Doxycycline for Alzheimer’s
Disease: Fighting f-Amyloid Oligomers and Neuroinflammation. July 2019.Frontiers
in Pharmacology10.

DOI:10.3389/fphar.2019.00738.

¢¢



Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

55. Mindermann T., Landolt H., Zimmerli W., Rajacic Z., Gratzl O.
Penetration of rifampicin into the brain tissue and cerebral extracellular space of rats. J.
Antimicrob. Chemother. 1993;31:731-737. doi: 10.1093/jac/31.5.731.

56. Minter MR, Hinterleitner R, Meisel M, Zhang C, Leone V, Zhang X, Oyler-
Castrillo P, Zhang X, Musch MW, Shen X, Jabri B, Chang EB, Tanzi RE, Sisodia SS.
Antibiotic-induced perturbations in microbial diversity during post-natal development
alters amyloid pathology in an aged APP SWE/PS1 AE9 murine model of Alzheimer's
disease. Sci Rep.. 2017 Sep 5;7(1):10411. doi: 10.1038/s41598-017-11047-w

57. Panza F, Lozupone M, Logroscino G, Imbimbo BP. A critical appraisal of
amyloid-g-targeting therapies for Alzheimer disease. Nat Rev Neurol. 2019 Feb;15(2):73-
88. doi: 10.1038/s41582-018-0116-6.

58. Devanand DP. Viral Hypothesis and Antiviral Treatment in Alzheimer's
Disease. Curr Neurol Neurosci Rep. 2018 Jul 14;18(9):55. doi: 10.1007/s11910-018-0863-
1.

59. Devanand DP, Andrews H, Kreisl WC, Razlighi Q, Gershon A, Stern Y,
Mintz A, Wisniewski T, Acosta E, Pollina J, Katsikoumbas M, Bell KL, Pelton GH,
Deliyannides D, Prasad KM, Huey ED. Antiviral therapy: Valacyclovir Treatment of
Alzheimer's Disease (VALAD) Trial: protocol for a randomised, double-blind,placebo-
controlled, treatment trial. BMJ Open. 2020 Feb 6;10(2):e032112. doi: 10.1136/bmjopen-
2019-032112.

60. Virginia Protto 1, Maria Elena Marcocci 1, Mariya Timotey Miteva 1,
Roberto Piacentini 2, Domenica Donatella Li Puma 2, Claudio Grassi 2, Anna Teresa
Palamara 3, Giovanna De Chiara. Role of HSV-1 in Alzheimer's disease pathogenesis: A
challenge for novel preventive/therapeutic .strategies. Curr Opin Pharmacol. 2022
Apr;63:102200. doi: .1016/j.coph.2022.102200. Epub 2022.

61. Umar H. Igbal, Emma Zeng, and Giulio M. Pasinetti The Use of
Antimicrobial and Antiviral Drugs in Alzheimer’s Disease. Int J Mol Sci. 2020 Jul; 21(14):
4920

62. Zeng Y.Q., Wang Y.J., Zhou X.F. Ginkgetin Ameliorates
Neuropathological Changes in APP/PS1 Transgenical Mice Model. J. Prev. Alzheimer’s
Dis. 2016;3:24-29. doi: 10.14283/jpad.2015.84. [PubMed] [CrossRef] [Google Scholar]

63. Borenstein R., Hanson B.A., Markosyan R.M., Gallo E.S., Narasipura S.D.,
Bhutta M., Shechter O., Lurain N.S., Cohen F.S., Al-Harthi L., et al. Ginkgolic acid
inhibits fusion of enveloped viruses. Sci. Rep. 2020;10:4746. doi: 10.1038/s41598-020-
61700-0

64. 128. Kang S.S., Lee J.Y., Choi Y.K,, Song S.S., Kim J.S., Jeon S.J., Han
Y.N., Son K.H., Han B.H. Neuroprotective effects of naturally occurring biflavonoids.
Bioorganic Med. Chem. Lett. 2005;15:3588-3591. doi: 10.1016/j.bmcl.2005.05.078.

65. Xin Lu, Si-Yu He 1, Qi Li, Hongyu Yang, Xueyang Jiang, Hongzhi Lin, Yao
Chen, Wei Qu, Feng Feng, Yaoyao Bian, You Zhou, Haopeng Sun . Investigation of multi-
target-directed ligands (MTDLs) with butyrylcholinesterase (BuChE) and indoleamine 2,3-
dioxygenase 1 (IDO1) inhibition: The design, synthesis of miconazole analogues targeting
Alzheimer's disease. Bioorg Med Chem. 2018 May 1;26(8):1665-1674. doi:
.1016/j.bmc.2018.02.014. Epub 2018 Feb 13.

66. Tsui C, Kong EF, Jabra-Rizk MA. Pathogenesis of Candida albicans
biofilm. Pathog Dis [Internet]. 2016 [cited 2019 Mar 23];74. Available from

67. Ascione C, Sala A, Mazaheri-Tehrani E, Paulone S, Palmieri B, Blasi E, et
al. Herpes simplex virus-1 entrapped in Candida albicans biofilm displays decreased

¢o



Olbaabas d¢ 3 3ad) A L;_g]&_”&.d\ Ggaall Ldiny Ao

sensitivity to antivirals and UVA1 laser treatment. Ann Clin Microbiol Antimicrob.
2017;16:72.

68. Miklossy J. Bacterial amyloid and DNA are important constituents of
senile plaques: further evidence of the spirochetal and biofilm nature of senile
plaques. J Alzheimers Dis. 2016;53:1459-73.

69. Zhiyan HeWei JiangYiting Jiang, Jiachen Dong, Jiachen Dong,
Wei Zhou.  Wei Zhou Anti-biofilm activities of coumarin as quorum sensing
inhibitor for Porphyromonas gingivalis. March 2022. Journal of Oral Microbiology
14(1):2055523

70. Alzheimer’s Association 2019. Alzheimer’s Disease Facts and
Figures. Alzheimer’s Dement. 2019;15:321-387. doi: 0.1016/j.jalz.2019.01.010.
71. Mufioz SS, Garner B, Ooi L. Understanding the role of ApoE

fragments in Alzheimer’s disease. Neurochem Res. 2019;44:1297-1305.

72. Anagasingam S, Chukkapalli SS, Welbury R, Singhrao SK.
Porphyromonas gingivalis is a Strong Risk Factor for Alzheimer's Disease. J
Alzheimers Dis Rep. 2020 Dec 14;4(1):501-511.

73. Zhiyan He, Xu Zhang, Zhongchen Song, Lu Li, Haishuang Chang,
Shiliang Li & Wei Zhou.Quercetin inhibits virulence properties of Porphyromas
gingivalis in periodontal disease. Scientific Reports volume 10, Article number:
18313 (2020).

74. Ashish Kumar Singh,ab Shivangi Yadav,a Kavanjali Sharma,c Zeba
Firdaus,dPrerana Aditi,d Kaushik Neogi,e Monika Bansal,f Munesh Kumar
Gupta,aAsheesh Shanker,g Rakesh Kumar Singhb and Pradyot Prakash. Quantum
curcumin mediated inhibition of gingipains and mixed-biofilm of Porphyromonas
gingivalis causing chronic periodontitis. : RSC Adv., 2018, 8, 40426.

75. Kim, H.s., Kim, S., Shin, S.J. et al. Gram-negative bacteria and their
lipopolysaccharides in Alzheimer’s disease: pathologic roles and therapeutic
implications. Transl Neurodegener 10, 49 (2021). https://doi.org/10.1186/s40035-
021-00273-y

76. Xinhua Zhan 1, Boryana Stamova 1, Frank R Sharp.
Lipopolysaccharide Associates with Amyloid Plaques, Neurons and
Oligodendrocytes in Alzheimer's Disease Brain: A Review. Front Aging Neurosci.
2018 Feb 22;10:42. doi: .3389/fnagi.2018.00042

77. ei, H., Zhang, HI., Wang, Xc. et al. Direct Activation of Protein
Phosphatase 2A (PP2A) by Tricyclic Sulfonamides Ameliorates Alzheimer’s Disease
Pathogenesis in Cell and Animal Models. Neurotherapeutics 17, 1087-1103 (2020).

78. Guy Griebel, Jeanne Stemmelin, Mati Lopez-Grancha, Denis Boulay,
Gerald Boquet, Franck Slowinski, Philippe Pichat, Sandra Beeské, Shinji Tanaka,
Akiko Mori, Masatake Fujimura, and Junichi Eguchi .The selective GSK3 inhibitor,
SAR502250, displays neuroprotective activity and attenuates behavioral impairments
in models of neuropsychiatric symptoms of Alzheimer’s disease in rodents. SCi Rep.
2019; 9: 18045.

79. Mahtab Sadrameli, Praveen Bathini, Lavinia Alberi (2020) Linking
mechanisms of periodontitis to Alzheimer's disease. Curr Opin Neurol 33: 230-238.

80. Rocha FG, Berges A, Sedra A, Ghods S, Kapoor N, Pill L, Davey
ME, Fairman J, Gibson FC 3rd. A Porphyromonas gingivalis Capsule-Conjugate
Vaccine Protects From Experimental Oral Bone Loss. Front Oral Health. 2021 Jul

1


https://pubmed.ncbi.nlm.nih.gov/32097126/
https://pubmed.ncbi.nlm.nih.gov/32097126/

Tartous University Journal. Health Sciences Series Y« Y¥ (1) axall (V) aladll daall aslall @ (ughayla daals dlas

5;2:686402. doi: 10.3389/froh.2021.686402. PMID: 35048031; PMCID: PMC8757777.

81. Shahzeb Khan,Syed Shujait Ali,Iqra Zaheer,Shoaib
Saleem,Ziaullah,Nasib Zamana.etal. Proteome-wide mapping and reverse vaccinology-
based B and T cell multi-epitope subunit vaccine designing for immune response
reinforcement against Porphyromonas gingivalis. J. Biomolecular Structure and
Dynamics.VVolume 40, 2022 - Issue 2.

82. Pradeep Kumar Yadalama, Santhiya Rengaraja. Maryam H. Mugrib,
Mohammed Sayed , Amit Porwalc, Nasser Mesfer Alahmari, Khaled M.Alzahranie, Ali
Robaianf , Hosam Ali Baesheng, Shankargouda Patilh. Designing an immunoinformatic
vaccine for peri-implantitis using a structural biology approach. Saudi Journal of
Biological Sciences. Volume 29, Issue 1, January 2022, Pages 622-629

83. Alice Harding, Sarita Robinson, St John Crean, Sim K Singhrao (2017)
Can better management of periodontal disease delay the onset and progression of
Alzheimer's disease? J Alzheimers Dis 58: 337-348.

84. Mark Ide, Marina Harris, Annette Stevens, Rebecca Sussams, Viv
Hopkins, et al. (2016). Periodontitis and cognitive decline in Alzheimer's disease. PL0S
One 11.

85. Annlia Paganini-Hill, Stuart C White, Kathryn A Atchison (2012)
Dentition, dental health habits, and dementia: The Leisure World Cohort Study. J Am
Geriatr Soc 60: 1556-1563.

86. Alice Harding, Sarita Robinson, St John Crean, Sim K Singhrao (2017)
Can better management of periodontal disease delay the onset and progression of
Alzheimer's disease? J Alzheimers Dis 58: 337-348.

87. Miranda E Orr, Kelly R Reveles, Chih-Ko Yeh, Eric H Young, Xianlin
Han (2020) Can oral health and oral-derived biospecimens predict progression of
dementia? Oral Dis 26: 249-258.

88. Mark Ide, Marina Harris, Annette Stevens, Rebecca Sussams, Viv
Hopkins, et al. (2016) Periodontitis and cognitive decline in Alzheimer's disease. PL0S
One 11.

89. Annlia Paganini-Hill, Stuart C White, Kathryn A Atchison (2012)
Dentition, dental health habits, and dementia: The Leisure World Cohort Study. J Am
Geriatr Soc 60: 1556-1563.

1A%


https://pubmed.ncbi.nlm.nih.gov/28453484/
https://pubmed.ncbi.nlm.nih.gov/28453484/
https://pubmed.ncbi.nlm.nih.gov/28453484/
https://pubmed.ncbi.nlm.nih.gov/26963387/
https://pubmed.ncbi.nlm.nih.gov/26963387/
https://pubmed.ncbi.nlm.nih.gov/26963387/
https://pubmed.ncbi.nlm.nih.gov/22860988/
https://pubmed.ncbi.nlm.nih.gov/22860988/
https://pubmed.ncbi.nlm.nih.gov/22860988/

