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Abstract
Background and Purpo
primarily through activatiomgf the nuclear factor-kgppa B (NF-xB) signaling pathway and upregulation
of pro-inflammatory cytokine$ysuch as i beta (IL-1pB), contributing to cognitive decline.

Regular physical cise n recogwi an effective non-pharmacological strategy for
modulating i tory responses. Therefore, the present study aimed to compare the effects of eight
weeks of mo ic and resistance training on the hippocampal gene expression of NF-
kB a

Materials a this experimental study, twenty-four 13-month-old male Wistar rats were
randomly assi three groups (n = 8 per group): control, aerobic training, and resistance training

The aerobic Yiaining protocol consisted of treadmill running for eight weeks (five sessions per week),
with progressiveNincreases in duration (15-30 min) and intensity (40-70% of Vmax). The resistance
training protocol c@mprised ladder-climbing at 60% of MV CC, with 14-20 repetitions per session and
2-min rest intervalsfetween climbs. Forty-eight hours after the final training session, the animals were
euthanized, and hippocampal tissues were collected. Total RNA was extracted, complementary DNA
(cDNA) was synthesized, and the relative gene expression levels of NF-kB and IL-1p were quantified
using real-time quantitative polymerase chain reaction (RT-gPCR). Data were analyzed using one-way
analysis of variance (ANOVA) followed by Tukey's post hoc test, with statistical significance set at P
< 0.05.

Results: Both exercise interventions significantly reduced hippocampal NF-kB gene expression
compared with the control group (aerobic: 0.432 + 0.157; resistance: 0.626 + 0.290; control: 1.010 +
0.157; P <0.001). Likewise, IL-1P gene expression was significantly lower in both training groups than
in controls (aerobic: 0.514 £ 0.154; resistance: 0.644 + 0.227; control: 1.015 + 0.190; P < 0.001). One-
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way ANOVA demonstrated a significant main effect of exercise modality on the expression of both
NF-kB (1?2 =0.597, P < 0.001) and IL-1p (n*>= 0.580, P < 0.001). However, no significant differences
were observed between the aerobic and resistance training groups for either NF-xB (P = 0.181) or IL-
1B (P =0.387). Melt curve analysis demonstrated a single distinct peak for each target gene, confirming
the specificity of the RT-qPCR amplification. Regarding cognitive performance, a significant
improvement was observed only in hanging time in the aerobic group compared with controls (P =
0.022); nonetheless, both training modalities exhibited a trend toward enhanced motor coordination and
spatial working memory, concurrent with the reduction in hippocampal inflammatory gene expression.

Conclusion: Eight weeks of moderate-intensity aerobic and resistance trainingwere equally effective in
downregulating the expression of the key neuroinflammatory genes NF-«kB and IL-1p in the
hippocampus of aged rats. These findings suggest that both exercise modalities may, serve as effective
non-pharmacological interventions for attenuating age-related neuroinflammation.

Keywords: Aging; Aerobic exercise; Resistance exercise; NF-&B; IL-1p

How to cite this article: Hashemi fard, E., Vosadi, E., borjian far
effect of eight weeks of moderate-intensity aerobic and resistanc
and IL-1f3 genes in the hippocampus of aged rats.

. Comparison of the
e expression of NF-kB

J Sport Exerc Physiol. 2026;19(3):?-?.
u

*Corresponding Author's E-mail: elahehashémi@shahroo
https://doi.org.10.48308/joeppa.2026.245324.1479

Received: 00/00/2025



file:///C:/Users/ئشاغش/Downloads/elahehashemi@shahroodut.ac.ir
file:///D:/doctora/article%20two/مجله%20شهید%20بهشتی/10.48308/joeppa.2026.245324.1479
https://creativecommons.org/licenses/by/4.0/

el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

SN Sadlad g (5559 (55919 ud &y p

§-¢ ‘slbw Ay S)Lo.afl AL S)SQ AL SN
gy Uia

9 NF-KB la s by 5 bawgie 0l b (eglie 5 (55190 (2 po5 dxdn Cutin il gl
KSON | e L;LQCZ:) Q;MKW )él L'lB
|

T s Jole Tl s dageme T gy pledl

8 og)f ‘6)35‘3 65’.‘-‘1-3“5 A
09,5 <359 S39l 58 lsbinl . ¥

Ol gl wg el sois olSKidls ( S G
Olpl g ol wg el Sais oRiils ¢ Say Can o

“ oA S>

A4

w

SV 595 loaiee; ¢ IL-1P el Sl iy losaS st

el Caid g oz 50,8 el Syao yb oy (sEES 30 Cerlyial b ogao Yo B VF LSS sl «sol,|
5w s RNA 2l 3ufins 5 glulaz culSgon @il 5 oad SbE olls (g 5 <855 plonl (25U sl (a5l Tl o
lagysns] 5 ooliial L Lablls 5 5 s 5o REAI-TIME PCR s, L IL-LP 5 NF-KB sl oo s i plol CDNA
cad P <o/ (gl e el )0 (S arind g 48, S uilly el
T IRYY sgilen 09,8) wind wialls lac; ulSseen o NF-KB (5 ol Jlosime (lolf & pmie (g po8 SS9 50 52 smlid
29 55 LI 5 ol comizman (P<eye o) VAV £ 1,0 )+ 3 1S 09,5 b duglie 4 « YA+ £ « PV ¢ oglio g5 [\ OV
09,5 L dugliio ) YTV & « SFF - oglio 09,5 o OF £+ OVF 1slgn 05,5) iy LudlS (6l ine yobo 4 (o pad 05,5 30
303 55 53 52 ol 2 o isine s (Biy9 28 E95 AT 0l LS A8yl byl Jalos (P<eye ) e VA 21,000 s
Sloos ole 5 5 (eglie 5 (53l9p (nped 09,5 90 o (5)I0 e Dglis (o cnl b (P, Y P2 BAL 5P = 0 Cos e
Lo 2iSTy Coolans| sasaslis (5 99 o gl ke alb G ©gd sla smin(P=+ YAY g P=+ \A) 5 5a) il 0459 5553


https://orcid.org/0000-0002-3276-1598
https://orcid.org/0000-0002-3276-1598
https://orcid.org/0000-0002-3276-1598
https://orcid.org/0000-0002-3276-1598

el &) Gl g Sled! L§~‘°5L‘M"‘° 9 &3lsp el ]

L eP= 0 YY) wd oanline 558 & S 53l 05,5 50 00 il Glo o b o sine gute o3 9,Skas a5 52
Ol geligd Dl sl Gl (25 LS o 1) (plad )5 salkible 5 (25 > (Sanles Sguge Mg,y (el €55 90 0 (>
sals

GolS slogs ol ialS 5 o3l S 4 Lawgie Sl b (Zaglie 5 (53l (el £55 90 o el (LS Ayl (ol ml 16 e A
Sl Grals sl g2)l0 58 0], S olsie 4 il oo g aiis Fhe stelles glacs) S gm0 (IL-1P s NF-kB) Cleclls, s
255 518 Saine (pw Gl fa e omae

|L-1B NF-xB (soslide oy yad (5 5len ‘_‘w c gl :Lsd._«'lf leboj‘,

5 Siled el alie cute il awslis g olds 08 L o ﬁj
Selad g (A559 Sidmd i el Glas) calSgnn 0 IL-1B 4

SEN AN L Soy

elahehashemi hroodut.ac.ir : Jgfus baiug g dabll,

VECF/e ) il Rl VECF/e e il s



file:///D:/doctora/article%20two/مجله%20شهید%20بهشتی/elahehashemi@shahroodut.ac.ir

el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

3

dodo

el ¢ b 5 (JoS50 (slocml (7,05 mazs dm 50 a5 Cel (sleiz g oaigptiy oz (e 2l S aialls
Gl s plil Sosslsi s o Shoe 20l b Dl Gl 05l o0 Sl (giliugion Laas )0 PLST 5 (8L o bl
Slelllgaralls (s Gl Fhg» oadjsym s Gulul p ok olpon (o dy s (oo Slags Lo 4 Dyl Sloaz
it 3099y SUsms,Sen Guismimd 5 (Jobwim Slbls)l ;o WS Jolo (650 w505 e o Shos WS (030
(1) 35S g o |y Wzl (6 pdocanl g (5 g, e hlite Jalss 2,k 51 45 Wigd o g (gatoll (hn; slo S
WS 590 Sln 1) ae 5 035 J5k (35 0 (sras e wile b (Sglie L3 L DSl )0 ohgar St )

Pt 5o 350 Jalse cn Fpee 51 (S Glsre & G @ s Sl 5 easiggare Sledl iguis s SRy Oles 5
oosl i polae il Jld Sl o Comsg pl g g ALl saiell 4y At : S iy g sl o Sles

fely ol pglas o5 dms o i ouiyl5h daled (¥ ¥) sl olan sl Ll ol S o 0 Shoe S (Ll iy
0 Sl ol cge Lo el

@ S byl o S el 5l 559,05 5 abifle (s 50b 53 GO AE oo 4 Guliges Gae Gl 2y lee o

slosely 2ol L 6 xSicy Bl Seoi AR SR el g 50 Slely g5 oS eelas (JeSIse (sl e

aolol yo (A : Sl i s 5l ook plo ol caS pais lgieay a5 ole 04l o e xB
2O ook L : -1B) Lo V-oS o il oot oledl slo S giew olo Gl coge NF-KB cullas 2l38)
(ALY A oo W) ae 8l o oledl slagwls polas g Cugis

GplS sl o s Pl LSy S o Jd b cwlSgmn o TLRA/NF-kB/IL-1B g Sl s5le Jles

sl lem Cépin Gl J9850 slapanslSe (n Fete 5l (S Olgreas 5 Cunl ol en (F5,50 S e @ g 359,95

' Hallmarks of Aging

2 Inflammaging

3 Neuroinflammation

4 Pattern Recognition Receptors
5 Toll-like receptor 4; TLR4

8 Nuclear Factor-kappa B



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

Sly S5 Sleyo oyl SO Wl o Sloypls s (ol ows cgy0pll (A LV-F) 00 0 A bl gatadle [ 4515509 ,95
il ozl e o 5t o Slae Liis 5 Lletlly,g5 ials

Al 3 onl hass 6l (290t sl S, olulid (gatells 4 atunly oras slacawl jo Cldlly,g 9o (i 4 4z g5 L
WSLd gl pe ONSIe (5 S5e 5 (Ko Ol phite (S Sld ol al po Sl a8 S 15 G Samghy 4z g 90
399,55 Jolse Ot Gl e 0T gie o Shas Sgug 25k 5l (59 a5 oo (Las (V- YYVISEIL 5 oy wiellas 550 095 o0
oL Sy ¢ rizman (10) 95800 gatalle po (23S 0 Shes L e oSl (1ol 5 sl slagly el
o 5 LIS See ouigid s o IL-1B ol zols TLRA/NF-KkB e Jo b o BUILS a5 w8 5,155 (Y- YY)
o gl edleds (V) ds o Lol g sla e o 1y Oleddly, e o (M2) Sledhas 4 (ML) ol i
95I0enST oyl (2l 825l 51 aSly s sgaome Slell (halS 4 oS e 2 ()9 (HaSLe D31 A wisls (Les (Y- YY)
g5 S Lo el yites nl 3975 b LOY) 3ise Jlal 55 ol g Sllasil ]33 S e 0 Slae S5

ogaze Sledlbl g, plil ailanils 35 103 olondisn 9 (Sulign (5 LS, D oy D)9 s
Db b Seglie 5 53lsn Sl pe3 1w wtelles slas) culSnn o T 05 Ol lamslie Zuly ol 50

G azg booplply canl 005 dgama 1) oo 03 o) o colais] sla S e oiils B (pl o)ls vg2g Lawgie
Sad b geglie g (silsn el atian Caio Pl anglie yol> gl B

OHR95 9
Sl b @;Fv O ypods Gibgh (nl i hagh sladiged

51 s ad ol sl sl Sllse () Jsuz) o el
L 6,855k sl BT o laslbiwl Loyl jo anlllas £9,0 51 oo dlin g0 Goe &

QU‘%} A AD L;L'“ 9 Qjﬂu
SIS Ll i (sl b
N PV SIS ML\\Y:\Y N— o lesg )

s, cwlSsn 5 TLRAINF-KB/IL-1P oo Liglidl 5 ime oxkid anlsss
5 oolicias] Sliy a3 Sl Limio azpo ot 4y sl i 09,5 5l axlllae oyl 45 () F

5.2l 3551 g SO 551 g 5 olEalef] Sl ool 5 bl sl Jol5is Shan g, Jolym ol
5,550 0,90 LL 51 ey (ETHICS-2602-1201 : 551 a8) o plosil 09 ,0ls  saio olSisls
S s, 5 Jod i b dd> i b (55l50 09,5 slacs, a5 glaisFa casos Ll i yed Ol b
L slo i o J5S 6555 an i slaill, (ol arass (g, 5l esliial b o) e 0l S5l (g ped (Lo L

OV Jguz) widly parads (o A 0g)S 50) Lawgio Sul b (heglie 0 yed 5 Jawgte Dol

7 Chen & Nakagawa

8 Wang

9 Barad

' computer-generated randomizatfon sequence



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

daxlllas dLbo,; Slasdn ) J}A’

(25 2 09 ) &3 &3 (olo) ¢y olaas 09,5
YAV,S0 * YO,0F YEASD 1170 % A S
FYY,F0 £ Y55 FYALA £ YA,TF Y A &5len
TFeOF £ YEYY TYeY £ YO % A toslia

(e )0 dud> 7)) dlde Coid Soe 4 (G5lep el 05,5 S, (Jed 5 b (6,85l atan S 5l e i ket sl b,
L s o (VIMAX) (90 o 2510 o 05 090 5,8 51 g 238,55 anasi 5 b (s5l50 o205 sl
WSS Hagd 4 £, Celu p KeglS Ve adsl ey 5 Sllg> 505] opl )0 b s 8 jlasbinl sai 3 g3l 5l eolail
Dgd dugd dalol 4 0B Kool a5 Jley Uzl il cell o yieglS Y/ ol Ma A o Jed § Cag s g
9 oy ol LB (0,5 e,5 aido O Jeli o el dd> 12 (VD) 0 ais 5 s o VMaX CABES s a2y
Sl el el Lol i Dol Gl ieS sy Ve alan ey 3,505 9 (0,585 < Oy 0 o 4B O
Gae g bl ol piie B ey sloasas ;o VMAX oo ys Ve QJ3|4;.5)ovmaXM.> PETPR RGP VRN {

(¥ J992) dem; Gl slaazan jo aids 48310 5l 5 el e

Aol Cod (ahn )0 dud> i) aan Cue Suaw Lol 8, YL L

3Gty o plodl g V8 g azpo Ae e 2ol MY+ sbo 4y 58

5 o Sreglie (e 095 sbo,
P Gryed a28 5 )15 (laglie (el
o)l Joo byl S Tas (g ped 0590 £9,0
asls L;A.,,n)f\‘ (3390 dgr0 , 3l 5MJ,4M ‘5—*—> 2 A 59 o, YO Jolee adsl Jb s jgbay .(VF)

Slsioas 390 b e 5 355 s s &3»‘- 26 o Sl o8 S ol s b s ol S

l o

'S s e sMVCC
g 253,5 dgeo Lol L YREVF all> 0 oUIS "MMVCC o, £ Jolre adlllas Job (o o ed Dol
slal ;s MVCC (505 WS ; Oud baas g Lasls I Jlesl jolataay ascils ol sl 42 8o 90 Sgno 9 2y

b bl s ped Ll 5 08 plxil Toasme gt g o)l atin

e B SSgn ¥ Jou

— s &9 095

aan AQas > . f.-v-ZVmax oo 5 &jlee

aan A s > 5 . #-ZMVCC by (soglie
slrog S L byl con Lol 50,50 8l )0 oo yod dol p 43S e axllas 0,90 Job jo JyiiS 05,5 Sllga>

5 5SS 0 lailinl (51de g OF @y ol] s g (0,6 oLy, a5 2 cCughy dad Sl 1k pes

5 5,5 aladl> 5 Dlae &j08 (35 > (Kolen b3l 6l 135, 9 GLd o Shee slagyges]
5 ande BT 5l e el FA) (aeslimg 5 (e 0599 955 5l 1) (sejlin Al ye g0

2 6,8, slagyge;l ( Jbe
O S s

@57 e S0l Jobes 5w eslitl Jolss 5 ge3] 5l (S o (Saalea g ol o Shee (ol (51" Jolas 5 o903

855 )18 ne b 31 e sl O £la ) 5o o8 sad Sl el ¥ gl g siagile ¥ o6 el )+ Jsb o
6%‘)05&5)*34-9-*-?@. i glaml jo ol ools L8 ol & oy lgu W—I)'l GrSel> glp o Sid Sl 3,0

' Maximum Voluntary Carrying Capamty, MVCC
' Balance Beam Test




el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

L5l o g ad ools S8 £ 08 a0 Oy il e o 0l ol Jlgte dl> e w50 eel Al Al Bus as SO

A 5ol Pealo e o 6l e (loj SSTas e Bas Az 4 9 005 Hee 5 Jsb ST B Al 51985 Olsem w00 0

A 30,8 oo b Al Fe leg g oul (aBgie (ygel Al ged Bud A 4y oy Ay 3890 D (ol (o e STal a8 T
D dplore Al o dus il e 9SS Al e s 0 D) 5o 6l RS
1Ba dnr 4y (e 5 5 Job U Sl ses sl e Oley Do i(asl) 5 5l e Gl O

A gy el o0ls s 1) 093 Joles Gleu g 00,55 5 15 mhaw 5l e sloamy a5 Sleds olawd (b3a) slaas (Y
w .
(S bgduw MolS

Q) sl 00lidl oy 5 S5 (59, 9 09,5 bogiw 13 5l ol jsb b lous a5 Slads Suas % yoldl slows (F

L &y eee] opl yo b solatul o olpel ogesl ! (Hac ©a8 5 (S5 > o Sles (o 280 olgl oyge3l
Sl 00 5 e ol (5, 0 Sles Sl lgieas dls 0,5 o, U ol g e 6 a4 ool sldassy

ObL 5l ) Ggeilim 9 (Sl ped g9, 51 B) Gga3] i Al yo 95 50 Bgasl ¢ 5 A Y eal el e

VA i plosl (azin A

0 doloeg W Jse 8 5 9> dung> wglis woys (V1) w5 el (@l 593k
WS ‘\’
MJJ k._ul_'\'.\' = yx 100

b plmil Sge 9 6595 GleSs Ll 50 byl ooles

) by (oges a0 ST 5l e Ceelos cotin g Joo  aBalosT sla g,
s JS- RNA 05 85 slalas caalSgon il g s Sbj3 oS olul Jig, 4 o S5
a5 ol (LAY = YA YF e Cad) (6 egtieiSend b o] ools 5 2l 5eallran)

ABI StepOne o&ws ,o SYBR Green Master Mix (addbio, Korea) L Real-Time PCR ;I sslazul

Ao Master MiX s See & Jols iy Sun Vo oles a5 Lo aiSTy b (g ,uSojladl
o) gl yilis Jolis )l sl o ol CDNA 1y oV 5 Of 12dg 1S ¥ (¥ 509,800
S 5,51 50-20° C) g aizmio g (4l Yo VY Cragli Yo o ° Cragli 10 . 20° C ) IS

Fo(andsd . 20°C)
GAPDH I -y °

ol ooy &SI Y Jgaz ;0 b jeslyy Jlgi ol solainl az 1o )5 leicas

o jaslyy (o3 ¥ Jguzr

' Slip 8
' Fall 4
! Hang test 5



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

30" or0, J9 ->'0") 29,99 5 O3
TTGGTGCCTCGTGTCTTCTGT AGAAGGCTGGAGAAGATGAGG NF-xB
GTTCTGTCTATTGAGGTGGAGA TGTGACTGGTGGGATGATGA IL-1B
ATGGTATTGGAGAGAAGGGAGGG GGATAGTGAGAGCAAGAGAGAGG GAPDH

gl y dias Juldss (Y8 gasews) SPSS l soliiwl b laosls .o acwles 2-AACE g, b lagys (s Lo 2slel Judoss
oyl Jedoss 51 oolial b laog Sy slacoglis ad 9l (gl (gaT b lauilly (oKon 5 gyl (yge3l L ool
b ab S L 0 PO (g o ghne el 000 (o) (S rind 03031 5 (ANOVA) w8 b5,

w

9l 03] @l
osbyly (S )
Ule a5 ol oles (1B: F

a503) mimen (1 yxie aen gl P<e/20) 0,8 J..:.:L: og,S soled ;o 1) Waools au3e5 09 Jlogs
IL-(YY))=- YAY . P=- #AY s NF-xB: F(y.yV)=Y,yoY ‘P:~,W~)‘:....€|5 i 90

25 ol ], 4l i)

9559 s g9 aS ol lis a8 b Sy il ly Judos ) ol it
o GlaigFa F10.00Y P < - -1onZ - R

e 6)‘;‘-’“" Solas aF wim e wly lis S 69,8 A G
s s 55 IL-1B 03 sl 1) s loisine o3l ad by il g

Doy J S 09,8 b awslio )o&m'
9 Seglite (o3 6°5¢f~"§;‘° 5o
ale sloe ) BIS 50 IL1p F-kB ol slogys ole il el )b cne joba Lawgio Gl b s5lse

QSL“°5; BL KCON| W GLQC;) WISM 5 |L-1|3 9 NF-xB QSL“OS oL:.) 64,...1&.5 ¥ Jss.\’

Byl & Sl
L dulia 0) (S5 ) Sne
)51 okl &M s el Fovy) 04,5 o3
s Oy 05 s 0l
2-AACt
Vol E LY Js
*p=.,e ¥ 5\ *p= e 10,00Y Al TALT saglio NF-xB
*p= eees SEYY £ -0V &5l
AT ERREE Jys
*p- -y “BA- *p= e VEFaY ST LYY oslis IL-1p
*p= ey S OVEE - \0F S

(P> 20 o )5 ()5 sire # o &3l Jlre Bl il & . Sils &y g0a @-AACE g)) 5 oo o & g0 laosld)



el o) Gl g Sled! @“’51'5" 9 &3lsp el ]

Ampification Piot

10
- S
e
7
8
g 5
ol
-
24
'
[ g
2 : M o P i * 1 P = 2 P = = = 2 » = @
Cycla
Lege
I E llc o e W~

257 (53198 iyl 9 sagliio (52503 555D (stules] cilises (glaeg S 0 wialls glac,
Sl 3lpenly (Sloyummiy STy slo S slaad gonima s A8l |

‘GAé‘b'

Melt Curve

Lo 53 il y0l8 ol yunis (g0 LS (5090
‘) Ct ﬁ.}lﬁa CyaaS ‘5‘).5 sdlazl O)ge ‘SAJL'Z.NT

i\
84000.0 |
4
1
1
fi
54000.0 | ']
| 1
! i
{ |
i
<44000.0 ." 1
|
QF .I
E ' l
s 34000.0 {
& {
S | |
=
= 1 !
= f |
|
24000.0 i Q
/ {
]
J«' |‘
/ |
! 1
14000.0 T =7 7 \
// B T |
\
\
\
4000.0 \
AR 4
N 7
70.0 75.0 s0.0 85.0 0.0 950
Tm: 8571
Temperature (°C)
tegena
’7- A BE EBlc B EEcE BEEF
[ 4

pas g i8S STy Comolais] ol 5 il g4z 30 ABIYY (slos 10 0yh00 (galB G 0929 IL-1P (45 ST SY guaze gd (gomie Julod ¥ S

Gﬁfﬂ 97 9 (-RN") Lod a4y Comund yuailas yol8 (st Gl Godiddylis (50908 Heoo ...\SSLSA J.:JK I, LS"LA:’D'!‘ OYVaamo by yoslys pogs JoSCaS

10

el 015 il (542 10 s Lo (sonsmdlts



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

Amplification Plot

&8n

—
(MEA e Ec EDo HE WF

2570 (53198 (i yed 9 (sagliio (203 o 5) (sales] cilies (sloeg S 0 wialles (6
‘Gﬁ.ﬂ s el )|).a.:.1.‘1 LS“):’.“} 0’2...S|5 6L5JS.:..4 oldas Gom%m L553| P JLo).s L)...‘L..A)5ls {.’J):.:.n.‘s' somocm (EO9es

SABS g0 L’,Lﬁ b Ct ﬁéu.a CyaaS 6‘)‘.‘ sl O)ge ‘54.\12.‘0-"

Melt Curve

ssooo.0

34000.0

=2o000.0

2ac00.0

12000.0

Dervaiv Reporter (-R)

14000 .0 H

\ soo0 .0

aooo .o

es.0 700 750 =00 ss.0 oo.0 os.0
Tm: 2162
Temperature (°C)

ceg=na
[-A E EEc EEo EEcE BE-

pas g ST 2aSTy Conoli@is] ol 5 il g4z 58 AVIPY (sles ;o 8,000 sal8 S 0929 NF-KB 5 1853 Y guasme gd  giomie Juloot F IS
Gﬁé‘ s97ee 9 (-RN') Lo & s u.uL.:),ls (o il ol LiS (60408 jeore .ASSGA ..L:JJ |) 6.4[.42"):.: SYgquazes by J“‘:’»‘)‘i oud JuKis
sl 81,8 il (g4 30 Gy Led (gousmn Ll

s o Slas cloazily

2595 b 6l yeiie 6l ulsl (ol s 0l Sligmgpmlis (3051 b T auisr (09 Jloyi (x5l gloools Julows 51 iy
6o sl s (ANOVA) )by il )l Jedoss 51 (Y 5le sl oo yo 5 o sl (loj e Jolss 15 51 y5ee lo3) Jloys
Wog,5 o I8 sone Dol aSCul 4 4z g b aays 5 soliinl Lulg= JCus ;S g3l 5l (bl g (o3a) slass) Jloyieé 95 b

11



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

lsieas Gsail ot g Wad Jolod JEs & jg0as (gailm slrools (P<e,00) bl sgzg (03Tt gl pe 0

s eolaiwl o lgeS
Sglis (P= 2,2 V)Y 5le 0gls aopo 9 (P=+,YVY) ol 15 51 jaue loj a5 51 05,5 dus oy a5 0l oyLis ANOVA m s
Silsw 095 sy 3l Sl (Se geeil g P= i YY) catls g )ls sme Dolis ad (gl lo Lol 10,105 3529 (6l Fne
= wile) Uiy Sl L5 5l g5 dus oy 4 b Lt el g5 39051 gl cpmizman (P -, YY) o5y S 4y Comn
Sglis (P= Ve He v e 0,8 aus o j0 ore e+ = wilie) ool slaws g (P= + Y27 He VAFD 05,5 aws yo jo o 0e v

(Mj..\:?) clas 092 (510 Sxe

003l Al 0 0 (Saglie g (53lgn oS Slog,S o (S 0 Slas sauglic O Jo B

618 ine g el goslel (,L,..j::; o | j)':‘; L e
CARA F=y,yq) £.¥0 % YA,-0- YO £ 14,007 Jolss 525 5l 598 e
[CW1)
o F- f,yvv VYV £ YAA q,¢Y (458 598 sl o
LAy F- .20 AIFARERRRIN YY.OV £ JWAR TYVY £ 4,5 Y-Mazeols aoys
. vag H=Y A0F ey (seeyeeme) ey (sen Jeee (seeyeeme) ‘)’;‘};j_)‘_m‘
Vyooe H=-,--- ey (seeyeeme) ey (e, Jeee (seieyeeme) ‘.)_)[;,1_)\4_3

P>.,.0 GJ‘-“‘)*’ )Io‘_,,_;u
sk weys g o Gl olej oses ploj slaosls

ml%w)l; (Sl oy dald) il & jgu0ay yolidl
w w
w

S S doms g Cony

NF-slacys ol sl sine B Nawgie «5‘*"5““’ S3lgp (npe5 Eg 93 y2 45 3l (las ol g ol 4l
ol .o)bdays sufo.: ARIRE) W T S uolS selle slac, CulSgn (o 1) IL- lBBKB
S Sllad a5 S92 g0 daled | ez es JB i L beasdly
35S (S 2L 8lod S (py ) (0 pe £95 o LS (S Slalllae ST 5 0098 oo gine pol>
2l oS slays lo mlaw jo lawgio Gal b Ju el (5931 90 i dslie aslazils

ol Slgean (i Re Slalllas gl b ol (issy len a3 09,5 50 IL-1P s NF-KB o5 ol Jlo sne (tal8
>y ) S ApOE'/' dllbuwyo S99y 2 6‘4.:]”40 5 Y-Yd) u‘)&“" 9 &J ‘Lw.:‘) U"‘ 5 .o)lo
LS5 5o (s3loJlad (falS @ oo  [KBog NF-KB (503l j58 Jlao g cslS g 50 1L-33 Ly (20l5 L (l9 103
2 YY) e i od andllas cpizen (V4) 05 oo IL-1B ale> sl in sloS g oS M1 54
Jobs JAAIPOR] oS00l je (s5lolad sl 51 igd oyed 45 8lo GLis aje (wyil (om0 50 slagbye
«¢>9 &J"‘ L| -(Y\) M\)GA wbls ‘) WISM ul.@‘a.” 9 oals ).a...u M2 @LQ.J‘M u.:.>9..3 Comw A ‘) Ml/MZ C;‘L..lfs)s\uo

b Ve aS wols olas ¢

T Liu 6

12



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

Sl zshw Grals cel leglie (ppes a5 b j0 a8 ol lis anle Y slacs) (59, » (Y4 VA) o)) Y S io anlllas
a8l ul (V) ws osaline ]35S 09,5 5 55l92 09,5 G 2l by )0 ()l3sne Dol 39 o0 calSged g oo 125 50
s Dad b ol asdlas jo aian A L aslie [0 aaa V) (el o «Dllgs cpw )0 Dglas 51 230 el (Koo guunards
aS oy las S i dndllas gl «iorad (ol ull s [0 20 50 S JSTg n Ol 4 ax gl Caanl caimslis g ail
Feglie (e b auglio jo IL-1700 5 1L-6 dL-13 IS ,65 zolaws (ialil el (53l90 0 pod o pod Joo 90 auglio yo

YY) ol 30 28 55 505 655 59 ol (15381 e slogeoly | (S 5 55500

5 Lt deas 5 Sl po3 o Slg sl o 53 a8 0ls GLis (V7Y) iS5 g bl Sl B 50 ¢ staglin (o po3 5590 3
sl s olom iy I MT gl 4 M2 (5518 s 0 LS5 oo (ka8 s NF-KB (65lo JUlee b ails o Saglia
G b aglie 5o s3lse (i ped Ll S a8 ols i () Ses SN0 50 anlllae gz (nl LAY) iS5 slr
E3o50 ol 45 0ed e jie 28 50 Akt 3 ERK INK wile Jsbo SBILS o slocass
lgiin |yl anlllas b guanli 428l ol (YY) Gl s p03 55 90 ] anogs o Jlad

S (S s i 5o 30 533) aalllao 3,90 (550 (g 5o olisgs
Suld )3 &5 Wigd oo ymie (orae Sl SRl 4 1 Sen Ll Sglite (sla

2 (e n) ey e &
L el 0gad 93 ;B duuy oo Hhai 4y ol
ool (LSS jsb a1y bl lagy e

23 ol &5 pol Ghmghy azgi o slaaidly 5l (S
0) Ol » Seglie 5 Siler (nyed g5 93 Sl
g g_:‘]i).».: Sl Jae jo sl oals o Ll (Y YY)
w‘!; (VYY) sited S50 el T b caas olis s
olasalls o 1, TNF-0 5 € (o251 (05550 ol iilsi oo
i s azgi b aS amo o |y Sl cpl Caodls 039> (laaie

Sl gxe 6)LAT Solas 9529 pae wilu oo plate iy Slllas
ohee 5 )bl Sleucws j90 0 a5 )#Q‘“’i% axllas

a2 e o3l o gl als 5 Kan E B gl

Sl yod Jlis ¢ IL-1P 5 NF-KB slays plr (2ols ( JsUse 5 (Jshoo elans 50
s 235 o0 G5l 51y ol slogsly wlgi oo « SIRTL 5l Jlb 3 )b 51 (3559 25
D508 iz (Y0) widy g |y JUyolsedspan- usa¥liseen jyme o,Sles BDNF
axlllas 45 -(Y9) =S ol ol s oS g glwoliT 5l oledlos cuigid cow 4 MIIM2 Jols s
LS55 2ol lells) s Jlee Bosb 5l o atnly (S5 LD EalS Sl D Vsb (g ped (VYY) o Ses b 203k
S5 s5Lusls] 5 sFeglio (203 %0 som 5 (TV) 055 (655l cslS s j0 M2 LISy S 2al331 M1
5, o5 NF-kB 1L S eSS el slognly s 4 cglite KadliSems sl yoane 55l Jlab 5 ol
IL-6 sTNF-0 « IL-1Balex 51 o7 o (slagys (omasis) (20l & Loitons sl (ol jone 55 05T (cmgi) 593516

el oy g 5o el JLial 3355 Gees 5B eaimalas el (nl 45 398 e e

Henrique
Avyari

Henrique
Nakanishi

N = o
o © o N

13



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

ol 3 I3 ine 3l Az ST cdangte Cas b (Steglie 5 (5519n 0yl £98 99 0 45 ol i pole gy (les slaail
Ng, Cysred g P=-1-YV) S b anslio ;o g3lep 09,5 0 o Ql}iﬂ obey o gre dgupn Lol caszilas bl sle o
(losed opl 00,5 saslie IL-1PB s NF-KB slacys olo Jlo cme (2olS b ylejpn ( c3-lid (slo puiie ploo )0 (o Sgug
@ dily alis cdl o Oldly e glakawly i gans 3 Lol ciS GL3T ) e <51° abl) wilg os olsa ax ST
L 3 Shos 3520 b ad> a4y wll oo (DLl S 35k 5l (g pe3 (G050 93 50 45 w3 oe LS g waled e Ca g 1) (o
Slaiils lag e L o Sloe 0gun U ) culSgmd Oloadl ials a5 cpoion Sladllas b aidl ) aisS SaS gauadles (o
Sladl (zalS 50 05l G as 90 18 (0 03 £95 90 (!l comilSe slaglis v, e asS] oi,Jb Al oo e (VY YD)
o,ls Slstran a5l PS4 M slayludl [0 (Y2 YY) Lo 5 (o)L Seolaticss j950 sloaidl L aS Wog 50
(YY)

)97 O 4y a5 b
J= L’}.g.‘l.j el Mj)‘

s Sl o8 51 gy ol sloazily s 4 iy 92313539595 (5lo Blos 335554 5 Sla
el 05 90 LS Olo 2 35 53 (Cadgaoe (n St 39 4250 15 (olaadg '
el 5o (o a4 aily 2leddl s ol e ()5 9 (nl 42 5T g
S5 o s BDNE wiile) oo 59,68 Jalse o (L= - wiile) e Lis (655 03Il Lol eigdh oo gune
by p ok (555 0lail pae (izman a0 &)l (159 (dlre sl 5l Jobss 5l s 5 JalS” pgeas Candlys oo
Gmlio in dalllae Lol Buo 4 az55 L a5) sz J S 09,5 ygc
S il (e, B b sl (o gLi‘ ol g e
sl oan T Olalllas 3 gy p Sl 35 (6 5lew -‘!w J=1e s

o3 glog S gy 5 g LIS S isid ol pis (BDNE)
b Jol> aiallo jre p (b))9 (iladlre slopanilSe I (s Fasl>

2 g (0 e Glrogd ol 51 G e Ol o co Hhal 4y oy a3 £98 90 ol (L5 ]
S5 53 g o 4 daly Oledlyyg hass sl yies 50 9 WS gl e ll Ko plgie
e S0 cdld O Bo 5 Coedl g ol laaidl 0,5 )8 solaiuwl 050 saielle )ly90 50 (655 pe (smas i
o g, b eSS & plil aels LzOT db 0,5 g laadly ol alad ..ul; J ol bl g 09,5 ol o

Ll (6,88 9 (Jokw (950 il zolaw ;o g g9z

allio ply

14



el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

Wl oo ioligmn o (srae Sl (2ol b dhugie ©al b (geslie &j50a 4z 5 Ghlse O )jgon ax phiie o ool
2 el Gite sladaly L abilie 5 (5Ll slas Slos 35t i Suadle Lad> gl 43205 5 S5 o pal) SO Oliea
pladl S cplosalls ailyg) asliy jo (pped g9 98 (pl 31 ST e ulS (ol plo 0gd i8S Ll 0 (635 e cmal i

g o8 D guDte Cys A aoly 931 5509,65 YS! Bl jo deds s )| 45|M

1048 5 ;S5
i laon pdlel dinge s 55 1y Lo gy ol 50 a5 o Sagasl 5l guogs (o083 (il e o Kimg,
b colem

g2 rol> egn

&b o)l
“ las o1 jLasst ) hlite aai o @lio pl Boacany
L) |
w wle

\
M, Kroemer G. Hallmarks of aging: An expanding universe.
.001

, Parini Py Giuliani{C, Santoro A. Inflammaging: a new immune—metabolic
eviews  Endocrinology.  2018;14(10):576-90..

1. Lopez-Otin C, Bl
Cell. 2023;186(2):243-78. ...
2. Franceschi C, Gahna
viewpoint  for  age-related
https://www.nature.co icles/s
3. Furmanﬁ, Campisi J, Verdi

i of diseas€ aggoss the li

, Carrera-Bastos P, Targ S, Franceschi C, et al. Chronic inflammation in the
Nature medicine. 2019;25(12):1822-32. DOI:https://doi.org/10.1038/s41591-

, Latz E. Innate immune activation in neurodegenerative disease. Nature Reviews
7. https://doi.org/10.1038/nri3705

. euroinflammation and microglial activation in Alzheimer disease: where do we go from
here? Nature Revie urology. 2021;17(3):157-72. https://doi.org/10.1038/s41582-020-00435-y

a universal immune
7. Kawai T, Aki
Nature immunology. 2

sor of neurodegeneration. Cell. 2018;173(5):1073-81. DOI: 10.1016/j.cell.2018.05.003
S. The role of pattern-recognition receptors in innate immunity: update on Toll-like receptors.
;11(5):373-84. https://doi.org/10.1038/ni.1863

8. Liu T, Zhang I£7Joo D, Sun S-C. NF-«B signaling in inflammation. Signal transduction and targeted therapy.
2017;2(1):1-9. https://doi.org/10.1038/sigtrans.2017.23

9. Glass CK, Saijo K, Winner B, Marchetto MC, Gage FH. Mechanisms underlying inflammation in
neurodegeneration. Cell. 2010;140(6):918-34. DOI: 10.1016/j.cell.2010.02.016

10. Chen C, Nakagawa S. Physical activity for cognitive health promotion: An overview of the underlying
neurobiological mechanisms. Ageing research reviews. 2023;86:101868. https://doi.org/10.1016/j.arr.2023.101868
11. Wang M, Zhang H, Liang J, Huang J, Chen N. Exercise suppresses neuroinflammation for alleviating
Alzheimer’s disease. Journal of neuroinflammation. 2023;20(1):76. https://doi.org/10.1186/s12974-023-02753-6

12. Barad Z, Augusto J, Kelly AM. Exercise-induced modulation of neuroinflammation in ageing. The Journal

of Physiology. 2023;601(11):2069-83. https://doi.org/10.1113/JP282894

15


https://doi.org/10.1016/j.cell.2022.11.001
https://www.nature.com/articles/s41574-018-0059-4
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1038/nri3705
https://doi.org/10.1038/s41582-020-00435-y
https://doi.org/10.1016/j.cell.2018.05.003
https://doi.org/10.1038/ni.1863
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1016/j.cell.2010.02.016
https://doi.org/10.1016/j.arr.2023.101868
https://doi.org/10.1186/s12974-023-02753-6
https://doi.org/10.1113/JP282894

el &) calS g Sleddl  (eglie g (55l9n (5 pe3 )]

13. Porcher L, Bruckmeier S, Burbano SD, Finnell JE, Gorny N, Klett J, et al. Aging triggers an upregulation of
a multitude of cytokines in the male and especially the female rodent hippocampus but more discrete changes in other
brain regions. Journal of neuroinflammation. 2021;18(1):219.. https://doi.org/10.1186/s12974-021-02252-6

14, Maher F, Nolan Y, Lynch MA. Downregulation of IL-4-induced signalling in hippocampus contributes to
deficits in LTP in the aged rat. Neurobiology of aging. 2005;26(5):717-28. 10.1016/j.neurobiolaging.2004.07.002
15. Leandro CG, Levada AC, HIRABARA S, MANHAS-DE-CASTRO R, De-Castro CB, Curi R, et al.
Aprogram of moderate physical training for wistar rats based on maximal oxygen consumption. Journal of strength
and conditioning research. 2007;21(3):751-6. https://www.ovid.com/00124278-200708000-00016

16. de Céssia Marqueti R, Almeida JA, Nakagaki WR, Guzzoni V, Boghi F, Renner A, et al. Resistance training
minimizes the biomechanical effects of aging in three different rat tendons. Journal of biomechanics. 2017;53:29-35.
10.1016/j.jbiomech.2016.12.029 w

17. Oroszi T, Geerts E, de Boer SF, Schoemaker RG, van der Zee EA, Nyakas C. Whole body vibration improves
spatial memory, anxiety-like behavior, and motor performance in aged male and female Yats. Frontiers in aging
neuroscience. 2022;13:801828. https://doi.org/10.3389/fnagi.2021.801828

18. Deacon RM. Measuring the strength of mice. JoVE (Journa‘f Visualized Exper
DOI: 10.3791/2610

19. Kraeuter A-K, Guest PC, Sarnyai Z. The Y-maze for assessment of spatial

in mice. Pre-clinical models: Techniques and protocols: Springer; 2018
4939-8994-2 10
20. Peng J, Chang Z, Wang J, Liao Z, Yang Y, Mu L, et al. Aero
cognitive impairment via hippocampal IL-33/NF-kB signali
2025;16:1608268. https://doi.org/10.3389/fphys.2025.1608268
21. Liu L, Tang J, Liang X, Li Y, Zhu P, Zhou M, et al. Running exercise alleviates hippocampal
neuroinflammation and shifts the balance of microglial M1/ olarization through adiponectin/AdipoR1 pathway
activation in mice exposed to chronic_ unpredictable str Molecular psychiatry. 2024;29(7):2031-42.
https://doi.org/10.1038/s41380-024-02464-1

22. Henrique JS, Franca EF, dos Santos Gardoso

. 2013(76):62610.

and reference memory
://doi.org/10.1007/978-1-

meliorates atherosclerosis-induced
tion. Frontiers in Physiology.

, d‘.meida AA, Fernandes J, et al. Cortical and
proteins in aged rats submitted to aerobic and

Experimental Gerontglog ; -90. 10.1016/j.exger.2018.06.025

rry O. A systematic review of exercise modalities that reduce

humans and animals models with mild cognitive impairment or dementia.

resistance physical trainin
23. Avyari S, Abellard
pro-inflammatory cytokines
Experimental Gerontology. 2023,
24, Titus J, Bray NW, Kamkar Ny,Camicio
in modulating peripheral inflammatgry ‘apd neuro
analysis. Mechanrisms of ageing and development. 2021;194:111431. 10.1016/j.mad.2021.111431

25. Qiu X,% Zeng X, N hen X. Study on the mechanism for SIRT1 during the process of exercise
i iR scighees. 2023;13(5):719. https://doi.org/10.3390/brainsci13050719

uo Y-M. Physical exercise inhibits inflammation and microglial activation. Cells.
0.3390/cells8070691

atsu K, Tani A, Matsuoka T, Matsuzaki R, Kakimoto S, et al. Effects of early exercise
intervention and ex cessation on neuronal loss and neuroinflammation in a senescence-accelerated mouse prone
8. Neuroscience ers. 2023;808:137297. 10.1016/j.neulet.2023.137297

16


https://doi.org/10.1186/s12974-021-02252-6
https://doi.org/10.1016/j.neurobiolaging.2004.07.002
https://www.ovid.com/00124278-200708000-00016
https://doi.org/10.1016/j.jbiomech.2016.12.029
https://doi.org/10.3389/fnagi.2021.801828
https://dx.doi.org/10.3791/2610
https://doi.org/10.1007/978-1-4939-8994-2_10
https://doi.org/10.1007/978-1-4939-8994-2_10
https://doi.org/10.3389/fphys.2025.1608268
https://doi.org/10.1038/s41380-024-02464-1
https://doi.org/10.1016/j.exger.2018.06.025
https://doi.org/10.1016/j.exger.2023.112141
https://doi.org/10.1016/j.mad.2021.111431
https://doi.org/10.3390/brainsci13050719
https://doi.org/10.3390/cells8070691
https://doi.org/10.1016/j.neulet.2023.137297

