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Aim and Background: Alzheimer's disease is one of the most commaon nitive decline, characterized by

memory impairment and the accumulation of beta-amyloid and tau plaq rs, blood and cerebrospinal fluid
biomarkers have been used for early diagnosis (2). Among them, roRNAs have been proposed as potential
regulators of gene expression and markers (3) that play a i sses of inflammation, apoptosis, and autophagy

(4). In Alzheimer's disease, miR-29a, miR-29¢, miR-9a

46a associated with the pathways of amyloidogenesis,
oxidative stress, and neuroinflammation, such that m
BACE1 (7,8), and miR-146a is involved in the proinflamma

and miR-29c reduce amyloid-beta production by inhibiting
pathway of nuclear factor kappa light chain enhancer (NF-

KB) (9,10). Aerobic exercise and niacin, as non- acological interventions, can also exert neuroprotective effects through

regulation of microRNAs and increased @coti nine dinucleotide (NAD) (11-14,18-20). However, the simultaneous

interaction of these two interventions has studied, so the aim of the present study was to investigate the effect of
exercise and niacin on spatial memory and s roRNAs in an Alzheimer's model. Materials and Methods: Thirty male
Wistar rats (250-300 g) were obtaimed from the Laboratory Animal Center of Urmia University of Medical Sciences and

(IR.UMSU.AEC.1402.032). The animals were placed under standard temperature

conditions of 23+1°C, 12:1 i and standard diet and were divided into five groups including sham, Alzheimer,
niacin, exercise, and combina The Alzheimer model was induced by intraventricular injection of streptozotocin (3 mg/kg
body weight) under xylazine anesthesia and with stereotaxic guidance based on the Paxinus atlas. The
injection was pe i ateral ventricles. Aerobic exercise on a treadmill at a speed of 17 m/min was performed six

days a week d the exercise time was gradually increased from 10 to 60 minutes (22). Niacin was administered
at adose ody weight daily for 30 days (23). Spatial memory was assessed with the Morris Blue Test during
the famili i arning, and probe phases. Spatial memory variables including time to reach the hidden platform, time

spent in
was performéd under deep anesthesia and serum was separated. RNA extraction was performed with Trizol and cel-miR-

target quadrant, and number of crossings were recorded (24). 48 hours after the intervention, blood sampling

39 was used as an internal control. The expression of miR-29a, miR-29c, miR-9a, and miR-146a was measured by Real-

Time PCR. Statistical analysis of data was performed with one-way ANOVA and Tukey tests at a significance level of p <
0.05 (25, 26). The results were analyzed to investigate the effect of training and niacin on memory and microRNAs. Findings:
The results of one-way analysis of variance in the time to reach the hidden platform showed that there was a significant
difference between the groups (p=0.001). Tukey's post hoc test showed that the Alzheimer's group had more time than the
control group on all days (days 1 to 4: p=0.003, p=0.011, p=0.03, p=0.008). In contrast, the niacin (days 1 and 4: p=0.01,
p=0.008), exercise (days 2 to 4: p=0.03, p=0.04, p=0.01) and the combination of exercise and niacin (days 1 to 4: p=0.03,
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p=0.008, p=0.02, p=0.01) groups showed a significant decrease in this index. A significant difference was also observed

between the groups in the time spent in the target quadrant (p=0.002). The Alzheimer's group had a significant decrease
compared to the control (p=0.03), while niacin did not differ significantly from Alzheimer's (p=0.75), but exercise (p=0.001)
and the combination of exercise and niacin (p=0.010) caused a significant increase in this index. A significant difference was
also observed in the number of crossings of the hidden platform (p=0.002). The Alzheimer's group showed a significant
decrease compared to the control (p=0.002), in contrast to niacin (p=0.03), exercise (p=0.009) and the combination (p=0.02)
had a significant increase, without any difference between the treatment groups (p>0.05). A significant difference was also
observed between the groups in the latency of the first crossing of the platform (p=0.001), and the Alzheimer's group had the

greatest delay (p=0.001). All niacin, exercise, and combination groups significantly decreased this index (alfp=0.001) without
any difference between the treatment groups (p>0.05). In the molecular part, analysis of variance showed e expression
of miR-29a, miR-9a, miR-29¢, and miR-146a was significantly different between the groups (p=0.001). i a, all three
niacin (p=0.001), exercise (p=0.04), and combination (p=0.03) groups had a significant increase ared to Alzheimer's,

n group showed a
In miR-29c, all three
2001) and the combination
icant decrease (niacin p=0.001,

expression of miR-29a, miR-29¢, miR-9a and significa decreased miR-146a compared to the Alzheimer's group.

However, the combined group showed significant superiority @¥er the individual interventions in most microRNAs, especially

miR-9a and miR-29c and decreased miR-14

eems that the combination of aerobic training and niacin can have

systemic neuroprotective effects throu@si odulation of molecular pathways; However, since measurements

were made at serum levels and direct bral S arkers were not measured in this study, further studies are needed.
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Figure 1. Results of microRNA expression between s @ s.m-Zga expression.* Indicates significant difference
compared to Alzheimer's group *** Indicates significant difféf€nce compared to niacin group B) miR-9a expression.* Indicates
significant difference compared to exercise group ** Indicates significant difference compared to niacin *** Indicates

significant difference compared to Alzheimer's C) mir-29c expression.” Indicates significant difference compared to

niacin group *** Indicates significant differe ed to exercise **** Indicates significant difference compared to

combined exercise and niacin group D) miRad4 pression.” Indicates significant difference compared to exercise group,
*** |ndicates significant difference compared Izheimer's group. Significance level p<0.05. Data are presented as mean

+ standard deviation.
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maintained at 23 variation of £1 °C. Non-invasive and low-pain procedures were used for animal stimulation to

earchers had completed mandatory training courses on animal handling and ethical principles.

Comp ethical guideline: Alternative methods to animal experimentation were considered whenever

feasible, and,laboratory procedures were designed to minimize pain and suffering.

Funding: The costs of purchasing the animals (rats) and the supplement were provided by Urmia University of Medical
Sciences, while the costs of the experimental analyses were covered by the authors.

Conflict of interest: The authors declare no conflicts of interest pertaining to this research.



A ) s (°9J"

SWRNAG ;S0 (o0 3 (350 9 (2 LdS aliSl> 3 (sl @;M 9 SlgR L pod il
Gyl Jow s 59 pealIT (5 ko b s o

Y . . . =Y o e \ &
6)"59?,3{'3"‘ pL&ylrb}‘ ‘51339;)&&|‘ OL.Q‘?l"WLSMM
u
2Ol cdog )l dng I oKl ¢ o555 pole 0aStils ¢ o859 (55592 58 09,5 «(oB)y9 (STg S Ol Ll )8

U‘)"‘ ‘4.:45)‘ sd.s.oj)| olKisls ‘g;'i’).)j (:91: IRLSARY ‘QS‘:})S 6)9.|94).~$ 03; sl . i

gyl (S pole olRiils (JoSge 5 (Jobw (Sb3y 00Singh (Sielgedg,98 DlEESS S 50 (5O )8 Y
pole olKiils (65elg by ye Dlidiod 35 0 ¢ Sy 0aStils ¢ Biule;] Sllgu g (S92 09,5 (S5 i

Ol edpagl gl (S u

a.tofighi@urmia.ac.ir : Juos] .dsog,l oBLLINS )59 (55algs jud Sl ( Au8gi

Solo Liagh Ban caul alibls 5 sls o ,Sles il
Jon a2y 5 ol o SRNAs S gl
S Lo o (5 5 9 705 Ll o5 o0
Do & ISl 0 el o 50 G (g9 055k s & 595 b gyl (Slcsg B3 Bk ) el

L 01,5555 S35 55lsp (oped ain 5o 59, b Jold atie o

PS5 o sre haw o
b sl slesey o s el og
g Bae @) 50 Hea> ole
als-loe o ‘

@ Oy Ol S G RalS At 095w o ilaaidly 285 plxl
Sgre GRIEIP=110 1) (2S5 5 (=r1 0 1) (nyed Gloog,S (PSH/0) wils ooz
5 e Gl (= VE) (oS 5 g (=S 0 ) L ped =)o TA) (sl slvog S
ol 41;‘ 5 om0 =0l 0 V) aittls el 098 A s jaee ndl ST 0 sylasne LralS
= 5 & s yialiEl Alslas 09,5 a2 (P> /D) wis camlin olad aladl> sl ey (o)l g
Sial38l oS 5 09,5 (p<e /e B) widls el 09,5 4 Cus MiR-146a ;0 (5 ls sae LialS g miR-9a 4 29¢
CleeY geleef by appolio) uwld g (¢/o0) 9o/ VF 55 4 p polas) (e 05,5 90 4y Cud MiR-29¢ ¢ MiR-9a
(LY g ooV oS 5 A p polae) Siils oy ped 09,5 A Cand MIR-146 )0 (5l Jxe ialS oS 5 g (ol 04,5 .uls

(’/”\ 9 ooy u.u).’ L p ).'.)LM) Sals QS"'S)" 9 g).\).o.a 03; L M miR-29a o (_g)‘ou;uuo L)“"‘)s‘ w.....aL..s 09)5


mailto:a.tofighi@urmia.ac.ir
https://orcid.org/0009-0003-9624-683X
https://orcid.org/0000-0003-3626-1782
https://orcid.org/0000-0002-1681-2594
https://orcid.org/0000-0002-9263-8583

o

A ) s <b9J‘

Groall sloo, jo olad abibl> segy o 6l 85l Wi oo S5 s u»-wl-u 23S (S3lgn (1 pad 1§ S AR

2Ol ol 4 O 5l 35, 5 LRNAG S baws )0 (oS 55 aldlaw zols oy oo Jlaias (Jls cpl b ol asls

5 5ok aladle o oyt Pl aS 558 00 Cgmime gatalle po LS u#é"b 5K ol 6 lone
| el ol o 3l glas Slas

5 o n 5l JSate (Jobegys sk reds s
sla Sl Caow 4y (8L mhaw )3 (o)
2 N5 (Sohn elarsy) pansad s Wil o
et S0 25 lsiees 5 oo 5o TBRNA, S
Jlasl 5,4l 5l aS st augtlSys odw5d5f.c dlw RNA 51 25,5 RNA G S (Y) Siloass e yeul T (5 Lo
QS oo peas MRNA (o 50 b aez 5 jlee 3o,k 510N s « B0 *(MRNA) lu joly GLRNA s ac> 5 bl 8 axl o
BRNAS S ol slasl 5 S F) o s S 7 e 5masm] et el asile sl o sloaz] 3 55
S35k 5o ol (erkis (iR 2 osalice youll] @LM oz 5l (gras 0,55 slacs Lo 3l 65k 5
N gyl Jds 4 gyl Lo g Lodly ¢p o alax 5l sy Slule glgl jo RNAG S .ol g
Jolis LRNA So S & 2 50 (B) Wloads 7 ykae i slags Lo 5o osill () b, SLiS (lgiea
S8 iy el ol b g*l).s‘ Solow So59lgb sloanT,d L bLs,l o miR-146a 4 miR-9a miR-29c miR-29a

By 5l 095 35 03 b uegh (& o] sl Jle ;0 .()) OB
S . el e . e, W
u>.{:L?u S (':)Lc 9 &5 dl.a)SJL.:u @L.)L:.;u as ‘5‘4.:554\;*.»
Ol ol o (V) oS ] galds i @La)a u)‘.’i. by

uﬂubsw)éoyzjb‘sw)élb)i:u

o)y miR-146a g miR-9a miR-29¢ miR-29a Ll J.Jo () awn LU o 5 ke

\ Lu olixL> d.».;jl.uc‘ l.ww U"‘*‘ﬁ)" oMéouJ pa)al ).!a 3 LJ—J.«.»?LA‘ Lgl&).uu.o

.Tau

. MicroRNAs

. Messenger RNA

. Autophagy

. Beta-site amyloid precursor protein cleaving enzyme

o A W N =

. Beta-secretase enzyme



—

A9 3 i) pgle |

Slas ;o056 Sloedl g js oudais Jole MiR-146a ¢ o jls nds oL ,0uS g guilonnS] o wl pudas ;o miR-9a (V.A)
10049 ol b o youl T 5905k i g mae Olodl uais b T iol;8l g sl T (NF-KB) LIS s 0 a5 5 000 g 985

L pglae (s5lsn Dl yas ool i3S 15 anlllas 350 (5 ealilT @Dle GualS sl il (29l o 5 9yl Slasis; e
W85 1B Az 3 50 (sras 0B Wy alS 5 (SSLD 0 Shee 35 )3 S (29)l0 e Al S (g Lawgie Db
‘_95).»] w.:olf 9 GA’LA—A.AJ o).._'>.> wl)sl ‘LSA’LMU Q,S.Lo.c Ogud g0 &‘ys‘o p.h.\.a LS'“\J u...n.sd aS s»o ;.)Lma M‘}w el

Ol yos 3l L8 Sldlas cogs Jlasl 50 LRNAG S oudas § (S35 5] (_gl.ar‘,iﬁgl.in 3
o ¢ g9ulST GLRNAG e o aws &3,k 5l (s5lg0 Gij)s Sl ol oS Ls)jdocug.ﬂ
dJlSMd...}u‘rv ‘slﬂu)}o)\b‘su.)))ju)).o.i J)b‘bu ‘)S.nbju.i:‘b J.MS‘SQLQ.:‘
zlaws § BACET a0 5 ool (aul38l 1) miR-29 zlaws g o7
5 sBge Jie 0 Ghips et oS WS IS Res 5 T
cho 2ol5 g o3l 5 Slee Sgetn b et ol 45 3500
A&-"S 90 Alie S ;0. (V7)o )‘ G209 u;*-L“H“ ol

390 &,k 5l °(BXTG-AD) (s peul3l]
e ysbar 1y oo lmasglal
o sine i3l carge salylT ol lass
81 Bd> 5 092 ol yen Sledl iy (slagnS gl
2955 Gyl 5l (25559 Dl yed 4T a8 Al ()50
@limas Cosh g gl gradlyyshed e oo dimaSsleal

OV) &S oo w2l 5ol )0 a9l 5l

Cewle oS 5l (oYl L B3 el g : TR Lo J5aS 50 (6,500 Kl olgie 4 olie sla oS 3l oolazul
Gljle i Ko a5 el 5 oS BN e 5 555 o) VT ST 9505 el ol 8 s ol sl
5 03955 ool (ol olige,0 g 2550 g (NAD™) 'WosstlS 350 ol dnalorsigSis s sl (55900
13 g ead Jsas NADY Jgsbio 6l yun 32,k 5l cranls (VA conl oldé molie 0 atly o) bl 0
2es i o el S sl 5 o) peerdiilie s ol mlais alox 5l goaste s sloun] 3

hancer of activated B

8. Wang

9 . Niacin

10 . Nicotinic acid

11 . Nicotinamide

12 . Nicotinamide riboside

13 . Nicotinamide adenine dinucleotide



—

A9 3 i) pgle |

e 55 S g3I 005 5 b (ol 3 00 B S35 0 e e 55 5900 (sblE SIS 5 W3l S
S s 4 a5 <l ol Sl (sl s 5 D 5 (s 8 LNAD® el alS 1,519 el e
Sl (G9y58 ool 3l Wlgige )T lajluo i 42 gmoymd Gal3El 5 25O NADT i plie 4y (sp0d (Sily (6351 sV
b Sl OUST imen 5 (st bl Glgreas RNAG Seo (285 S Ll )3 4z g5 BB slacd iy 9925 L (V0) uS

Pl oo g Joled S50 )0 i (ols SIS S 590 (Ul 0,Sloe D9 5o (el 9 055 Sle (2910508 DS
9 Silgr (b5 Dl yed (oS 5 DIl lejed (o 4 (5099me Dlalllaa (ol j5boas 5o 3925 el :) » Ol
Sligios it ol ogdle il el (65505250393 b Lo o (50dS” (SRNAY o 1Ly 55501 51 ¢
Sl byl aS I 50 wiled S sy alllaz & g0 | OMSlawe (ol 51 S 2 b silesy, )5‘ ' Dy b e

G b9

s> hgn e 5l p)S ¥oe B YO o500 0 Sis b ey M el (275 g5 5]yl aslllan
AT Sy 5l osliiul g (5,105 4 by o &, yie i
Sl b o5 gilo 42,0 Y (slos o 5 55 2,0 el
phie job 4 (0,0 Celu VY 5 plidy) ce
a2l 5 2855 pll 05 ok s5eb 5 pls ST
o, wi e axlllas ol o alEiles] Sy,

5 o oyl 05,58 (15 5| solital L LT 4 b palas
b Lo o 331 gl ples 2,5 15 ol L] o SIS e
5 Syl o3 s ol T el e o311 Jolis QU 09,5 iy 5 osle (Bolas (g, b )l 5
05 b duog )| Sy pole olSisls R PO P TRV PO PN 1| IO I FIRNUUR U gk

i sy i 4 IR.UMSU.AEC.1402.032
(eﬁ&ﬁ\‘—v‘)@‘} " >u~al»5b«s~9e~m u;“Suﬁ) u**l-“"-’) u’*“ﬁ)‘ syl Ghe)
- . Y . e . - . . -

5

9,5 dw) W B1,5 e il glaphy po adybgs O jg0a T ogiliols S5 pusg Sos 5l eslial b g o0k Jor
s Joee 50 4880 90 dg9ds Duaedy S o3, pledl 5l G (A888 aw dga b adds e St SO Sy
S e @y il wald 50 (V) 035 Gshead 5 asu (liz Jore 5 00l )l (ol Qoo 055 61T sl oot
S 03,5 355 Jolo JulS (555500 5 0285 5 (10 S (51 5 55 By o) ne Sl g (sl o 5 5 0

1. Stereotax
2 .Ear Bars
3. Paxinos

4 . Hamilton



- /.
- N : - L J / X
AP dgle T )
/
Sl 5 08 il oSl il ol sy hen b (ol 2 55 iy Sen o) ol ey e 515 5 o b pll
s 330 ,5 ooliiual (y90 2l sl @l ) el T Gl g el Cenibso 0l (6l s plowl (SThss ol 515 (el
el 0035,F 481 Ky UKD 5 S ol olKan 51 wabitsl b 3T (slall ol pe Sl

weyate s mh 10,5 )le 5l 559 Glp (JelS 6090 g e g (i o alie SO 1S9 ey sl g

Sae 4 (lawgio b Soow Dad) 450 yho cod b aids 10 e 1V ol ey b atin (o 59, icd o oo Mol soliwl lacs,

Aot baiBs 0 ;e WY Cepu LagBs Ve e ay sl 5g) 50 cnped g IS le 65, okl ¢ SITAN
Slg i 39, 50 AnBe e a Soled (o aSLI B ol a8lal 3,9 ley 4 aads miy allyg, sum slag NES RPN

O)la o (59 (e 50 g WS S0 28 G5 le 59, pglae e sl 1) e

u
o Loy aile sloaisS Jhgadie wdle 5 Wigd oo (S ped Olud> Job yo Jf}w

1 axis 5 )13 et

Pl v I p2ojlg0




.6
ST ) anieS a0
LQ-:“’:S}S::');“")

B o0 9 e 5 > 5l o atin St 55k oS
039 PSS oSN ES 73) el b oy 28,5 )18 e 950 N(FAD) IS4 el (550

Jol syg, 5o s“suis*‘l"”

3 obaebl Cqa (YY) 08 5518 Sles 5105 cow §, Ve Coe 4 g
2 el oo loz 5 pian

>9 9 4l £o Doedy Slilgas (S lg il 5o VT 55)) (gilocsle al> o jo lail og
Sl 5l Cog ez 50 Ay, Gl 2 QAL slojg)) 5,50k al o 50 us igd )5l lare
@ Oygo nl et 50 g dileise 9 (59, 48l Ve wadse Do 50 ke | S cudls cuo B Al £
Son Ao 50 00,5 Cud 650k e sy 5K 4 oy ploj a3l 5 og alBo Ve Cugi e G alols
Olsiedr yee Oalsl Bloj 9 5 (B e 51 j3ee olasi (Ban g )0 s3> Gloj il pla sl 5 ol ploxl 55 g0y (03]
(YVF) B50d (g yeFo3l liad alidl ol lne

1. Food and drug administration
2. Sigma-Aldrich (Chemical sciences company)



o

D93 i) (09""

9 ot Sy b plonil (6 7:S95 (s (§3bJeSe g 0 oS dnd 00 3] )“ o el FA s aliu o3l b g,
D9y & e 5 48,5 18 0 (39 S 0kS p e S ke Ve Dbl 9 o s eSS Sk VNt 5eelS b Bees
S Ol (D Jgol Cale; b s 2 (5,5 g0 (Aas sk e Ceos SITF &5 (5000 L) B 51l (6 250055
Yo e 4 olinlis s slaals) 5 st slodiges ¢y dngs (gly b plowl Slalllae S50 ol (gl (1o il 5 Wi

lod ;0 4885 VO o 4y adBs ,0 ye0 Ve e (0 Seuds yiile e gl LSl aisd U aiod asily a5 51 gles jo adds
Lyl plcole ) s (6,105 ol )8 sl ax o Ae aie ;0 alold g las JBgd oo Y g 0l ploxl ol )5 a0 ke
Ol @ rSo3lal sl prw sladiges 5|3 o0 g Tsla 08 laJslS 5l AL (Sogl wA
&las (Invitrogen) ¥ ol I Jg3!,5 <5 LRNA zl el ol solatwl miR-146a 9 miR-9a miR-29 -
1 ST RNA slaJsSge (b3l 5 ol (Hlob mle sloaises sln (solais] jsbay oS Gl ol ploxil onijle Josdljgits
Sl Gy i S jskiien ol Ty Ggte slagby, b dglie jo T b oadarulre oy SRNAG S aloz
(b Sall (s J55) (25 RNAG So S gl sl al o 5l Gy gl il (oIS g p oz 50 glis 1 L
o SLRNAG S Lo ;o (oMb o)laslinl (hg, G ()15 S ol 5l eolaiul ol a8l diges yo 4, cel-miR-39 oy
JJo 4 a5 al bl 8 g e sl sl LSS 4 T Real-Time PCR g, b bRNAS Sco Lo (tominn ol oo aisLis
RNA 3,5 Sladllas 10 005 jobo a5 055256 YO U VA Jobo UL S>3 RNA slo J5S0g0 auseis [0 YU coolais] § Camwlus
S b g ikl Jolhe ol (YONF) o dwlone AACE o9, b oy (ool Oljee 0,5 o0 1,8 ooliiwl 5,50

el o il 90 0l Jgaz 0 by Slastice g b jesly s us; el ()l o)l ps & Jo BT) o Jgluli]

Jsi (5'>3")

UAGCACCAUCUGAAAUCGGUUA

UAGCACCAUUUGAAAUCGGUUA
UCUUUGGUUAUCUAGCUGUAGA
UGAGAACUGAAUUCCAUGGGUU
UCACCGGGUGUAAAUCAGCUUG

! ﬁui’ﬁ) Sloslitil b oo 5 & il )y (SKen 5 (39 sk 1651 o slo b
2 00lil * (S e (301 5 40,y Guilylg 5T (39, 51 (25,5 o Amlie sl 0

2. TRIzol LS
3 . Spike-in Internal Control

4 . Real-time polymerase chain reaction
5. Stem-loop RT

6. Anacell

7 . Shapiro-wilk

8 . Levens

9. Tukey



P9 93 ezl b

Ol Gleks (§55w & Gy Sz oad (b pley Do ys daly S by Jlow ol 1 2 LS aliSl> 4 by po gLl
odds b loy wawe aS ol lad g0 S o S u}‘o)l s (p=r/v V) s 3925 (5,0 ge Dol oy Sy aS ol
Sl 55y 0P polie) cubls JHuS 09,8 S (5o ol Lo soled 5o s palfl 093 50 ey (s 4 o) S

w).’ dara)l.e:} 9 Jj‘ 6Lm)5) )op).'ol.o.a) u......:l...» 6[.@05; ‘JJLD.A )Q ('/"A v/'\“ c’/’\ a‘/"v u.u).: 3 Le‘.'> l) J5|
LY YRR

20lie) el b el oS S ofg g (10N /0¥ /oY S 5 o )er B pgs slayg, o p 23l

lmd)m‘)‘os;bwwd‘)bd)‘&ww&lf(/ \ a/ Ta/ a/ \ija 5|6Lb)5))bp
oals
Uy 5
% *
—
% %k * % %k
4 [ 1
Ko 5
) * * * * £33 * -IV:’JJ*'S
% ! ] y
T, B3 o
% [— PR o)
)
3 . il
Jsl 395 £9° 39) Po 395 ek 395

SWogyS o 5o w.w\u‘ 5 >
osls p<e/+B (5,10 S0

| u.w' oals &l 1 8 ylailiw! Bl il & L Sileo O yqu0 @

3435 (5,10 o O a5 ol plias Bus muy 5 ead il AF loy Do dslie jo anl, SO bl Julod s

B o o S B0 205 50 1) (6508 oy (6 peal T 09,5 a8 ols ylid ds IS [0 (cbind gyl (=2 /0 Y) canls
| sire Sglis (6 youl T 09,5 A s Bad gu;y 40 ypa Hlojde ;0 (5,08 cire Sglss il 09,5 (p=2 /4 Y) 0,
09,5 4 Cumad (5,0 sixe &y Gl g 525 (P00 ) +) (i g (papad S 5 5 (P00 0 N) (G yed 09,5 (izran (p=1 /YD)

P>+ 0) ais cdnlice (6,lo e Diglds Jless (loog S Ao (5 peul3l]

S olen oS Jome 5l e slass jo dal) SO il lg ol gl

cols 3529 gyl S Dol og I o a5 sl lid
olosire yabar s paalill 05,5 10 lesy G55 Joro jl jaae olaw ol (i Jlaz U5 )0 i ge3l @S P20+ Y)

8



W 5599 53 el @9-‘4

O=+1+Y) oS 5 5 0+ +3) 03 =+ 1+ ) Cpsls slrog, T e Lilis y (p=+/+ + V) ooy atily LialS S 05,5 4y Carnd

P>+ ]+ 0) s odmlice (g lo sime glss les (slog,S s aiols L (6 yeal T 09,5 do G jgue Sl 43 (5 I8 sime il

Sl D929 (5,10 s Dglas Wog S o aS olo lis (8L 4o S 5l jeue sl 4o J..:>L oley anly, SO il s Judo gl
alo QL..M.» LQOB; )JLM: A S )..DL uLQ) u.u).a.m...u LS)"""}'” 05; als ULA.A.A-’ = J&m L) ‘;3.‘ uB.A)T Z'UL.) (p=~/“\)
15 b 1S el (01 1) ks b (05 S5 5 =1+ 1) (gt p=+1 1) (yamlid (slooggS p=+1+ )

(p>‘/’a) Qi o line 6)‘")(5'“ UBLCU )Lo.u le.ﬁboj)f O RUSIWW) LS)""'“T 05; LU

% %k

* % %k

-t
+

—
*

(Anl)Bon 21 y0 oo (5w sl

Y. %
%

ol Jys el ol O el gl

4
Hlo o iglay ilis . g sog S 10 Bud 2oy y ool (b loj W Y IS

8yl & (pulo @ yguo as o0lS . p<e/+d (5 10 Sxo el o) 73T 09,5 4y s HloFxo



*)
% %k
: A-
3 * K *
> |
Lo
= e _
3" L
3
3\
) il J S ‘s)-‘:-.’.‘}ﬂ Crald u-i.,-n-? ol (9 yo3

)

Commid I Smo glay il s . g%y sWog S s o v*@
5 1iias! Bl il £ 5l 5y g0 ds W3NS p<e/d

\”») 2 Sy 535 Joxa 3l g Sl F S

3197 0955 a3 Cad 10 o glas ailia st o yiS 09,8 &

W 44‘)'

%* % %k %k

Ak kK

% 2% 2% % 3% 3k 3% %k

ol oS sl el Gl o ol

10



N

- 3 = 5 f
B9 03 crmd @
4 Uoold <e/oB (5515 it grb Wog 5 coms 410 sio Cglil AiLLS B ( sibg3s UogyT (s oo 31 yout cyalsl 50 pudb B S
ol o 431 3 fuilias! Bl il # yuSilen 5y g0

I3 sima gl Loy 5 ey oS ol s daly S il ly Jalow gl 2 pea |1 b Jaud yo (SLORNA G ySso ¢yl 4 bgy po o s
Wb id JSG 50 (S5 mbnd yg05] gl (p=2/c 1) Cils 459 miR-146a ¢ mir-29¢ ¢mir-9a ¢mir-29a slacyy oyl 4o

Comd MIF-292 (5 3l 30 (610 Gxo Giul38l (p=2/+T) S 55 9 (P=21F) cpoy0d (p=2/2 V) puls o”f!» aS oly ylas

P 1) (el o214 V)
* o

L b (el (oS 5 09,5 (i

s JSE 3 ok e

11



mir-9a _vus ybo

MIR-1462 e 3l

Hook = 2
% 3k 3k
e *% | I
| *
* o1 | |
dekkk *kk
g I
1 "
3
1 7
T I
> T g v
‘-
. . : ™
i . L v - 5 i+ .- - | -
Al el S il g g0 ol el orps Ol o ped
© Kok
z EE 22 ]
| sdesesk ok
N I
Yee l—‘ &%k Xk
* %k dek * * O
| * PET T
Vo=
. A\ [
I
Ve 3
Lo -
o
8 3 v
14 o
J— —
-& " T IR, * T T T
sy O L it O e el Ol crpyed b pod

'

. miR- ZQaQLq (! - T%Y) ‘slaog): o LaRNA g ;S0 ‘_,L».) @ by @Lu -7 %

5 lo S ©glay AliG #miR-9a Ly (O (ruwls 0955 A G 510 Smo wiglas ailis

Syl S glds aslis
B 03 A S IO S Lglas
45 odld p<e/od (510 Soxo b .5 o3 1T 09,5 Ay Cnnd 10 (iro glds 3L stk (03 pod 0955 A3 Commandd L0

sl 00y 511 i Lias!

i RNAG S Lo 5651 50 jusd § olad abidl> sl sl 1o (6)lo s PS4 e poul T Gl aS ols ylis gl
ol S st s B 0 B 1, Sl ) 0l Ll S5 5 ol JaSn 5 (59 (e D Ns 45 1>
ol 09,5 40 Ban w50y loy LEelS 5 Gl (55w A aww, ley Lialidl Jeld olad alabl> o ol> adllae

12



D93 i) §°9J"

Oy Sladllae b aidl cpl o)y Slgien calSgan o Shae ol b aS 09 olad aladl> § oS0l o S sasmslis
(smas Sl g gilannST o il SIS pdgilin o ST ol 5,k 5l cpogig g el 3oy 35 allosls las aS Cowl guan

aladl> o ,Slos Sgupe 9o il g0 a5 Sl oad (3,158 b i Sldllas o (YVYA) 098 oo 5Ll pli 4y i
Sog 3 jo 5,8, 5 Hls o aslys jlolos dse caimolii a5 ol adlas mls b badl pl (YA) 048

as olo ULMAJ U= yee LS’] )La 09"')] )‘ L}él} dl..aS alasl> 6L®=\JL' .Q)‘.) ‘;L.w‘)w.b 9 Lsu‘}}w.b sw‘ u.a.wl.u o.A....SuﬁLv)é
0939 09,5 e, as ol las badl 0sd so e SLld 8 Sles loline Sgugy 4 ).m\l’J—l Sloe> Jq‘.o oy pod

& o by 3l iy 2oy0 565 s 0geil )0 5 W0yS o Bl s (8 LS‘)"LSJ""’SQ Lej ol

ul...v).o.» dufe u‘rv‘ (EOd=xe Sldlas .l p.L:.\.a 6)13.6 Py ).:‘).J LS'LAﬁ aladls> g (503D "" b..\f RV
QL YVE Jlo jo o508 5 ' eeS bly ol jo sles ;S 3155 ealyll Sl sladoe 5o S 2 (5509

ey yed a5 Wols
4 Oty ooy &S5k
[CERUSCIICH LR SRV
S als ales 5l olas aliil>

wedisr miyze 2l 3l 0se3l 30 elil 4 M (glagise jo olad abiil> o txs o
Jlo 59 o150 5785 (izmen (1) oS Coshs (S0l o Shos 5 atily nalmpleny
Sall g wzge ol gd o Shos 350 5 Llell laatls a5 L plas
Jlo 50 010 g w05 K0 Sladdlas ;o (Y)) 05 o0 B &oy ;o Sley il
OIS 35200 g Soys8 ssuml S g NF-KB lai ol sloigys
OB «(5lgm Dy o3 0% 94 ()9 Sellad 45 dms e (i o 5o (FY) 905 sl Il oo o (5 lis
O 5° IRl e pae 5 Sl 392 pac a8 (oo L] (oacnl . 5 lad abdl> o Slas 35u2 )3 55550
Sl aline e G5l LayE allae 90 50 a5 w3l J‘* 4] OSoe Clis g (i yeS 0 yike Sloog S L (oS 5 095
@B oo oS 5 05,5 )0 nlply el ons ) 095
LaRNA s S 45 05l Lo ol 45 Cl (S0 ol

Sls cyyad a5 wisls Les YoV

Lo 09,5 90 12 ;0 g Cewl 0uls Hlad aladl> (6,135,350
RNA 5,500 zulis glssren pac B,k 5lauii samlice (5,0 Jxe
slecidl o Olynss 5 G0 g wog oad (6, S03ll o o

Gl 4 i (o559 pes a5 ol (Lad LaRNAG S (Lo gl
0l g U Sl (00 331 3 miR-29¢ g MiR-29a 158l ¢ painy Olalllas ol 4y a5 L .ol Sllg>
2 kel 05 L Sy oS B8 (2559 (el (iblore (18 Sl Wl oo a5 (Veh) Wisds oo "Liralool wdys
5 ,5ee ol 450 ) 4z g b el lagaly pulass 4 Yais miR-146a Lol 5 b 55 il el
sl 32,k 5l Sl a5 €85 4 (lg3 oo eilond (5,503l )95 Lasses Lo LLRNA
loaidly S o L) yoal T (5855l l po (Bl (A& 55 (St 5 el slo e
MiR-29a il 38l corgo (5lem (o ped a5 wols yLid (V1) 1,500 5 Tagly 09 Liwlyop paal T aie;
syt Sy Sl e 5o s ol iz pe el el e She o gaidshool S (2l L Gl cnl 5 0ad
23 5 0 B gl e pizman ol (g0 5 Satns el 50 SIST 0l 9y im0l ol anlllas gl o Jilie
Ol laasdly L as wiS o baplasl g Lol ooy Slale ;o 15 LRNAS Se (b 655 Wil oo (S codlad oS 0o S (3158

1. Kim

2. Ko

3. Amyloid beta
4. Zhao

5 . Improta Caria

13



A ) s (°9J"

Dgat g0 )&%l}ﬂ Olylesm )0 plaie (3 ped a5 wisls LS (Y- Y +) 1,50 log, Yo ‘Q.ll podle (YF) o s Slsze jingh
g MiR-29a/b y i,9 (sowkas 2 55 "L, Bygaesl g7 gm0 (YD) 058 oo LRNA 5 oyl 50 s g (o5lid o,Sles
Seals 3,k 5ImiR-29 a5 wsls las (Y-YF) 1,50 ‘CU,J (05l s Ho (YY) wis S ML’ I QT dlas ol il
Wlie Sy o LS00 5 OSlaofs Yo VY Jlo 5o (FY) 08 sl lidlrs ol il wilsi o afsheal qazsi 5 )= pekeins s 0ol
LJ‘”)'“'“" w‘)ﬁ‘ La o‘).o.b w‘)ﬁ‘ U"‘ ‘MOGA w:alf )M wlfa.u.ib ‘5‘>‘y ol | (AB) L..u “\'“';’5"5"'91 Cgwy g . PP) ;.\..j}l...ai
u.u;«...u‘ .'a...uy oyoJl; )3L> L as QBMGA AB L9 AJM 9 ]o.u‘)” g.,é).w.u u.cla miR-146a 45 Wals w)‘; ‘;.\MS‘
dsllao PLaC ‘;}b H (VA) .)9.«.4‘5;7 .)L‘?u‘ (MAPK) vu)?—a_».ﬂ l.u o;.\.wJLxS L...S U"""ﬁj" g.s.....ll...iuw S ) 3 5.;.:‘...\.;...;5‘
by Slallas
adl b mls ol g s

ol Sliie g el

3 Jole saleds .ol MiR-146 Lo ialS s miR-29¢ wiR-9a g miR-29a )lu yili8l C> g0
I Sloa> sladas )3 (295 BB (orae cdadlns Sl ] Dlitie 5 (il
it Sl i gl iy Olalllas gl bl cusls |18 Ll S )eﬁb
e A g 5 5000 ol (2815 6 e 5 Slac S5ug0 NAD el
ca S Glaaild haw o
(e MBS i (gl sixe jsbay TS5 Bl sla g (SUSl alle o Ol Wl oo (290l slajes o
B B8 1y 55 ol weliss b s po sl pens 5 o035 51 (renmg b o GaRNA S o ol (s Ll gl
A Comd (6 on 556 LRNAG oo el jo sl g oy 0l s plis yols aslas gls (F4) woo

SSb oo RNAG o (o allos g0 gl “ﬁjgl
o (55050l pas iges oS Lo Slaws jie il
5 LRNA 5,0 Slsd BLS )| (y 2 sl o0 8L )
Sl Tl b e 505 GLRNAS S 523

Olis a5 bls s 5 (5lgp (e 9 e INSlae

See 5ol pae 4 plgs oo ol Baiod lacusgace ||
w27 5 el o Slas (6 S o3l pae (ioren 5 NAD
o 550 ST ldllas ;o 55 o Slpiin 0,5 o)Ll Hlas alisl>
9565 15 oy 3,90 MIR-107 5 MiR-132 miR-124 alo>

OW g0 4l>‘¢a4.w].b4\fé‘é ulMu Lg)La.S) L;Lawb d.w‘sw)].: 6;—0.:‘).” LSLQU) (146a

)Lou..: L5L°°3JS Oy 6)“)(5"‘“ ugL‘U (PAIPRVREW )o.:‘).” 05; L) w.».u.) B al ‘54‘ )Lo uycv‘ 3o

. De Sousa

. Improta-Caria

. Lin

. Zhan-Qiang

. Amyloid Precursor Protein

. Mitogen-Activated Protein Kinase
. Aline Couturier

© 00 N O T WN -

. Zucker

14



P9 93 ezl b

a8l ol .ol lid o e O 4 s (5,10 Sxe (5,5 0 MIR-146a ialS'  MIR-29C g MIR-9a ;5 05945 LaRNAg S

smas cdadlre Ol 51 ghls  Joge sl s (lojp hows G5k 5l Wilgs (so (rls 9 (S5lal (0 ped oS 5 AT s oyl
il 55 e Sl puitis 5l ,SiLaS 5 Cenl 00l plowl ooy e 5o bags pSojlusl a5 Ll 5l el ol b sl Sotinnns
G503l L oS5 ledllan pylie  oLab aliils sgupe b JsSTgo s ol o bl )| sakad ol clonss sogomins aslllas

&lw

.

1. Knopman DS, Amieva H, Petersen RC, an DM, Hyman BT, et al. Alzheimer disease. Nature
572-021-00269-y.
enedet AL, Montoliu-Gaya L, et al. Blood phospho-tau in

ical utility. Nature Reviews Neurology. 2022;18(7):400-18

reviews Disease primers. 2021;7(1):33_.https://doi.
2. Karikari TK, Ashton NJ, Brinkmalm G, Br
Alzheimer disease: analysis, interpretation, and
https://doi.org/10.1038/s41582-022-00665-23.

3. Liu S, Fan M, Zheng Q, Hao ia Q, et al. MicroRNAs in Alzheimer's disease: Potential diagnostic markers
and therapeutic targets. Biol erapy. 2022;148:112681._https://doi.org/10.1016/j.biopha.2022.112681.
4. Liu J, Zuo X, Han J, al. MiR-9-5p inhibits mitochondrial damage and oxidative stress in AD

cell models by targeti . iOscience, biotechnology, and biochemistry. 2020;84(11):2.273-80
https://doi.org/10.1080/
5. Souza VC, Morai ,pnriques AD, Machado-Silva W, Perez DIV, Brito CJ, et al. Whole-blood levels of
MicroRNA-J%re decrease atients with late-onset Alzheimer disease. American Journal of Alzheimer's Disease & Other
7520911573. _https://doi.org/ 10.1177/1533317520911573.

g G, Song Y, Zhou X, Deng Y, Liu T, Weng G, et al. MicroRNA-29c targets B-site amyloid precursor protein-
enzyme 1 and has a neuroprotective role in vitro and in vivo. Mol Med Rep. 2015 Aug;12(2):3081-8.
10.3892/mmr.2015.3728. https://doi.org/10.3892/mmr.2015.3728.

8. Jahangard Y, Monfared H, Moradi A, Zare M, Mirnajafi-Zadeh J, Mowla SJ. Therapeutic Effects of Transplanted
Exosomes Containing miR-29b to a Rat Model of Alzheimer's Disease. Front Neurosci. 2020;14:564.
https://doi.org/10.3389/fnins.2020.00564.

9. Lukiw WJ. microRNA-146a Signaling in Alzheimer's Disease (AD) and Prion Disease (PrD). Front Neurol.
2020;11:462. https://doi.org/10.3389/fneur.2020.00462.

15


https://doi.org/10.1038/s41572-021-00269-y.
https://doi.org/10.1038/s41582-022-00665-23.
https://doi.org/10.1016/j.biopha.2022.112681.
https://doi.org/10.1080/09168451.2020.1797469.
https://doi.org/%2010.1177/1533317520911573.
https://doi.org/10.3389/fncel.2015.00053.
https://doi.org/10.3892/mmr.2015.3728.
https://doi.org/10.3389/fnins.2020.00564
https://doi.org/10.3389/fneur.2020.00462

P9 93 ezl b

10. Rezaee D, Saadatpour F, Akbari N, Zoghi A, Najafi S, Beyranvand P, et al. The role of microRNAs in the
pathophysiology of human central nervous system: A focus on neurodegenerative diseases. Ageing Res Rev. 2023
Dec;92:102090. https://doi.org/10.1016/j.arr.2023.

11. Erickson KI, Weinstein AM, Lopez OL. Physical activity, brain plasticity, and Alzheimer's disease. Archives of
medical research. 2012;43(8):615-21 .https://doi.org/10.1016/j.arcmed.2012.09.008.
12. Hartman YA, Karssemeijer EG, van Diepen LA, Olde Rikkert MG, Thijssen DH. Dementia patients are more

sedentary and less physically active than age-and sex-matched cognitively healthy older adults. Demﬂltia and geriatric
cognitive disorders. 2018;46(1-2):81-9 .https://doi.org/10.1159/000491995.
13. Li Z, Chen Q, Liu J, Du Y. Physical exercise ameliorates the cognitive function and tes the

neuroinflammation of Alzheimer’s disease via miR-129-5p. Dementia and Geriatric Cognitive DiSorde
https://doi.org/10.1159/000507285.

14. Chen J, Bai X, Wu Q, Chen L, Wang H, Zhang J. Exercise Protects Against Cogniti
Alzheimer’s Disease Through Elevating miR-148a-3p. Neuroscience. 2023 -33. https://doi.org/
10.1016/j.neuroscience.2023.01.008.

15. Dungan CM, Valentino T, Vechetti |J, Jr., Zdunek CJ, Murphy MP, Lin * €

Inflammation in

cise-mediated alteration of

hippocampal Dicer mRNA and miRNAs is associated with lower BACE1 gene expr (‘-42) in female 3xTg-AD
mice. J Neurophysiol. 2020 Dec 1;124(6):1571-7._https://doi.org/10.115

16. Li Z, Chen Q, Liu J, Du Y. Physical Exercise Amelioizte

Function and Attenuates the
Neuroinflammation of Alzheimer's Disease via miR-12 ogn Disord. 2020;49(2):163-9.
https://doi.org/10.1159/000507285. u
17. Wang R, LiJ, Li X, Guo Y, Chen P, Peng T. Exercﬂ-i odula of miRNAs and gut microbiome: a holistic

approach  to  neuroprotection in  Alzhei M i Rev  Neurosci. 2025 Oct 27;36(7):717-47.

https://doi.org/10.1515/revneuro-2025-0013.

18. Penberthy WT, Kirkland JB. Niacin. Presen e in nutrition: Elsevier; 2020. p. 209-24.

19. Wuerch E, Urgoiti GR, Yong VW. The pro niacin in neurology. Neurotherapeutics. 2023;20(4):1037-54 .
https://doi.org/10.1007/s13311-023-01376-2.

20. Penberthy WT, Tsunoda |. Themi NAD in multiple sclerosis. Current pharmaceutical design.

2009;15:64-99(1) .https://doi.org/10.2
21. Gerzson MFB, Bon P, S ixeira FC, Rahmeier FL, Carvalho FB, et al. Tannic Acid Ameliorates
STZ-Induced Alzheimer's Dise

Expression. Neurotox M . 09-17. https://doi.org/10.1007/s12640-020-00167-3 .
22. Wang R, Tian H, Tian Q, Yao T, Kong X. Impacts of exercise intervention on various diseases in rats. J
Sport Healtlfm 2020 M :211727. https://doi.org/10.1016/j.jshs.2019.09.008.

23. ﬁ/loutl M, kar SS, Tsai AP, Coronel I, Lin PB, Casali BT, et al. The niacin receptor HCAR2 modulates
mlcrogllalﬁsp S| ease progression in a mouse model of Alzheimer’s disease. Science translational medicine.
2022; 4 .https://doi.org/ 10.1126/scitransimed.abl7634.

24,

CV, Williams MT. Morris water maze: procedures for assessing spatial and related forms of learning and
re protocols. 2006;1(2):848-58 .https://doi.org/ 10.1038/nprot.2006.116.

25. Aquino R, de Concini V, Dhenain M, Lam S, Gosset D, Baquedano L, et al. Intrahippocampal Inoculation ofAB(1-
42) Peptide in Rat as a Model of Alzheimer's Disease Identified MicroRNA-146a-5p as Blood Marker with Anti-Inflammatory
Function in Astrocyte Cells. Cells. 2023 Feb 22; 12(5):694. https://doi.org/10.3390/cells12050694.

26. Souza VC, Morais GS, Jr., Henriques AD, Machado-Silva W, Perez DIV, Brito CJ, et al. Whole-Blood Levels of
MicroRNA-9 Are Decreased in Patients With Late-Onset Alzheimer Disease. Am J Alzheimers Dis Other Demen. 2020 Jan-

Dec;35:1533317520911573. https://doi.org/10.1177/1533317520911573

16


https://doi.org/10.1016/j.arr.2023.
https://doi.org/10.1016/j.arcmed.2012.09.008.
https://doi.org/10.1159/000491995.
https://doi.org/10.1159/000507285.
https://doi.org/%2010.1016/j.neuroscience.2023.01.008
https://doi.org/%2010.1016/j.neuroscience.2023.01.008
https://doi.org/10.1152/jn.00503.2020.
https://doi.org/10.1159/000507285.
https://doi.org/10.1515/revneuro-2025-0013.
https://doi.org/10.1007/s13311-023-01376-2.
https://doi.org/10.2174/138161209787185751.
https://doi.org/10.1007/s12640-020-00167-3%20.
https://doi.org/10.1016/j.jshs.2019.09.008.
https://doi.org/%2010.1126/scitranslmed.abl7634.
https://doi.org/%2010.1038/nprot.2006.116.
https://doi.org/10.3390/cells12050694.
https://doi.org/10.1177/1533317520911573

P9 93 ezl b

27. Halawany AME, Sayed NSE, Abdallah HM, Dine RSE. RETRACTED ARTICLE: protective effects of gingerol on

streptozotocin-induced sporadic Alzheimer’s disease: emphasis on inhibition of B-amyloid, COX-2, alpha-, beta-secretases
and APH1a. Scientific Reports. 2017;7(1):2902, https://doi.org/10.1038/s41598-017-02961-0.
28. Tiwari V, Mishra A, Singh S, Mishra SK, Sahu KK, Kulkarni MJ, et al. Protriptyline improves spatial memory and

reduces oxidative damage by regulating NFKB-BDNF/CREB signaling axis in streptozotocin-induced rat model of
Alzheimer’s disease. Brain Research. 2021;1754:147261 .https://doi.org/ 10.1016/j.brainres.2020.147261

29. Moutinho M, Tsai AP, Puntambekar SS, Patel J, Lin PB, Jadhav V, et al. Therapeutic pot@htial of niacin in
Alzheimer's disease: Nonhuman/Target identification and validation studies: Other. Alzheimer's Dementia.
2020;16:e040679 .https://doi.org/ 10.1016/j.brainres.2020.147261.
30. Kim B-K, Shin M-S, Kim C-J, Baek S-B, Ko Y-C, Kim Y-P. Treadmill exercise impro’e emory by
enhancing neurogenesis in amyloid beta-induced Alzheimer disease rats. Journal of exerciseye
https://doi.org/ 10.12965/jer.140086.

31. Ko |-G, Kim S-E, Hwang L, Jin J-J, Kim C-J, Kim B-K, et al. Late starting treadmil
ability through suppressing CREP/BDNF/TrkB signaling pathway following traum% brai
rehabilitation. 2018;14(3):327 .https://doi.org/10.12965/jer.1836248.124 .

32. Kim S-H, Ko YJ, Kim J-Y, Sim Y-J. Treadmill running improyes spatial |

roves spatial leaning
in rats. Journal of exercise

m*)r?through inactivation of

nuclear factor kappa B/mitogen-activated protein kinase signaling pat induced Alzheimer disease rats.

34. Improta Caria AC, Nonaka CKV, Pereira CS,ﬁoa i G, Souza BSdF. Exercise training-induced
changes in microRNAs: beneficial regulatory effe
molecular sciences. 2018;19(11):3608 .https://doi.
35. DelaRosa A, Olaso-Gonzalez G, Arc-Chagn
exercise in the prevention and treatment of Alzheime
https://doi.org/10.1016/j.jshs.2020.01.004.

36. De Sousa RAL, Peixoto

illan F, Salvador-Pascual A, Garcia-Lucerga C, et al. Physical
isease. Journal of sport and health science. 2020;9(5):394-404 .

HR, Oliveira LRSd, Freitas DA, Silva-Junior FAd, et al. Neurological
consequences of exercise virus exposure to mice pups. International Journal of Neuroscience.
2022;132(11):1091-101 .htt 7454.2020.1860970.

37. Lin E-Y, Hsuﬁx, , Wuli W, Li Y-S, et al. Engineered exosomes containing microRNA-29b-2

and targeting the somatostati uce presenilin 1 expression and decrease the B-amyloid accumulation in the

brains  of disease. International Journal of  Nanomedicine. 2024:4977 -

Wei Y, Lautrup S, Yang B, Wang Y, Cordonnier S, et al. NAD+ supplementation reduces neuroinflammation
3 scence in a transgenic mouse model of Alzheimer’s disease via cCGAS—STING. Proceedings of the National

Aca of Sciences. 2021;118(37):e2011226118 .https://doi.org/10.1073/pnas.2011226118.

40. Couturier A, Keller J, Most E, Ringseis R, Eder K. Niacin in pharmacological doses alters microRNA expression in

skeletal muscle of obese Zucker rats. PloS one. 2014;9(5):e98313 .https://doi.org/ 10.1371/journal.pone.0098313.

17


file:///C:/Users/Arena/Downloads/.%20https:/doi.org/10.1038/s41598-017-02961-0
https://doi.org/%2010.1016/j.brainres.2020.147261
https://doi.org/%2010.1016/j.brainres.2020.147261.
https://doi.org/%2010.12965/jer.140086.
https://doi.org/10.12965/jer.1836248.124.
file:///C:/Users/Arena/Downloads/.%20https:/doi.org/%2010.5213/inj.2142164.082
https://doi.org/10.1002/biof.1555.
https://doi.org/10.3390/ijms19113608.
https://doi.org/10.1016/j.jshs.2020.01.004.
https://doi.org/10.1080/00207454.2020.1860970.
https://doi.org/10.2147/IJN.S442876.
https://doi.org/10.1016/j.nrleng.2020.12.006.
https://doi.org/10.1073/pnas.2011226118.
https://doi.org/%2010.1371/journal.pone.0098313.

/f{

3953 ) gl |

The effect of aerobic training and niacin supplementation on spatial memory and serum levels of microRNAs
associated with Alzheimer's disease in Alzheimer's model rats

Abstract
u

Background and aim: Alzheimer's disease is one of the most common neurodegenerative disorders with

nitive and

memory impairment. The aim of the present study was to investigate the effects of aerobic traigi niacin
supplementation on spatial memory and serum levels of Alzheimer's-related microRNAs in Alzheime . Methods:
30 male rats were randomly divided into five groups: sham, Alzheimer's, niacin, training, apd . Alzheimer's

induction was performed by intraventricular injection of streptozotocin at a dose of 3 mg/kg ight per ventricle.

Interventions were performed for four weeks, including six days a week of aerobic traini mill at a speed of 17
m/min with zero incline and administration of niacin at a dose of 10 mg/kg bodnght. memory was measured by

the Morris water maze test and the expression of miR-29a, miR-29c, miR-9a, and mj

PCR. Data analysis was performed using one-way ANOVA and Tukeytests at a si ce ﬂel of p<0.05. Results: Al
Alzheimer's group on the first to

fourth days (p=0.05). The training (p=0.001) and combination
spent in the target quadrant, and the niacin (p=0.038), tr. combination (p=0.024) groups showed a
significant increase in the number of crossings and all thse a significant decrease compared to the
Alzheimer's group (p=0.05). While no significant differamce was ed between the intervention groups in spatial memory
processing (p<0.05). All three intervention group adfsi i ncrease in the expression of miR-29a, miR-29c, and
miR-9a and a significant decrease in miR-146a co Izheimer's group (p<0.05). The combination group had a
significant increase in miR-9a and miR-29¢ compared_ { wo training groups (p values of 0.014 and 0.001, respectively)
and niacin (p values of 0.006 and 0.001, respectively).
146 compared to the training group (p values of Ow an

in miR-29a compared to the traininggand ination

niacin and combination groups had a significant decrease in miR-
.034, respectively). The niacin group had a significant increase
oups (p values of 0.002 and 0.001, respectively).Conclusion:

Aerobic training, niacin supplementati bination can have equal effectiveness in improving spatial memory in
Alzheimer's rats. However, esu trﬁ bined intervention in micro-education appear to be superior to the
interventions alone. l*

o

e, aerobic training, niacin, spatial memory, microRNA
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