29 S ign O IL10 9 BDNF &3 ol » (rbilows T g Jawgio Sk b (53150 Oy 0 56
PM2 138 b  FOIT (0 g0

¥ oold abtlaes M 6 i sl s ailudl

Ol 3205 ooanl SI5T oLRAINS (33 pid A>3 (o339 POLE 9 (S Cont i 09,5 (39 (S50 3D (5T (9IS )
Ol 3235 ¢ e goDanl 13T SIS 3 o alg (o339 poke 9 (b S i 0955 (o339 (55992 3 il ¥

poke oAl pai ol g yudl 4l pole g0l 35 0 oBiyg poke 9 (I CunF 09,5 (PB)rg S3elg b slaitils ¥
Ol el R el (ol

S )laz 53 1] ghannd o g3

bashiri.jabbar@gmail.com :_f.os| +AVFY MY A ol od yals

The Effects of Moderate-Intensity Aerobic Exercise and Anthocyanidin
Supplementation on BDNF and IL-10 Gene Expression in Mice Exposed to PM2.5 Air
Pollution

Afsaneh Shoeibi!, Jabbar Bashiri*2, Hamdollah Hadi?

' PhD Student in Exercise Physiology, Department of Physical Education, Tabriz Branch, Islamic Azad
University, Tabriz, Iran

2 Professor of Exercise Physiology, Department of Physical Education and sport sciences, Tabriz Branch,
Islamic Azad University, Tabriz, Iran.

3 Associate Professor of Exercise Physiology, Department of Physical Education and Sport Sciences, Nasr
Basic Officer Training Center, Amin Police University, Tehran, Iran.

*Corresponding Authors:

Department of Physical Education, Islamic Azad University, Tabriz Branch. Tabriz,
Dr Jabar bashiri; Mobile:+989141081309 email: bashiri.jabbar@gmail.com

S99 B2 55 s sige ;3 BDNF (5 (yly » JoKo g (2 pod 13l 1) 550 lgie

Running title: The Impact of Exercise and Supplementation on BDNF in Mice Exposed to
Airborne PM2.5 Pollution



ol

e 8 8t cou ) jie coodle 5 5lid o, Slee Wy o a5 PM2 3lae &3 ohpgas dga (Sogll i g diu
stassge ;> IL10 s BDNF 05 0Ly » prasilowsisl s lawsie 0ol L 55lsn Sl o8 36 sl 2l gy 5l Baa
29 PM2 &l3 b Sogll (om0 40

#) powilbiwgsl - PM2.5 ¥ (Lol $) PM2.5 Y (Lol #)plles J 35S ) 0,5 0 a0 Bolas &g Jaomo b (6,550
@ soliinl (el o s (ol #) 0 ped —Cpdwiliwg] = PM2.5 0 g (Lol #) (upes - PM2.5 F ¢ (L,
Sleslaul LILTO g BDNF (5 oylo 045 ole sk aisls pll 1) Jlais e (1 5ed dds O (glaian 5 alin Cuia Soe

2 S emhin gejl g a8 laSs il ylg 5 IUT 51 eolaiwl b eesls Julo g 4555 .0 plul Real Time PCR g,
R r:L?vJ‘p< o[-0 6)106’.;4 C.la.w

Gobolae zals Wl 09,5 & Cuwd PM2.5 095 10 IL10 5 BDNF 5 Lo ols glis Giegh mlo gl
BDNF 5 5lo ial38 ,o g5 LB ).».SLS PM2.5 055 0 oy OM3ae (Jl> cpl b .(P<+/+ 0\ g P<e/-V)zuls
Wl ol 4yl 5 Gaolistl o5, b anlin )0 gymier GRl3l (ayed 5 oS el il (izpen (LYYYIA

aslin 15 gyt il yed 5 JoSe Lobss 31 paizmes ()« <18 5 LOAIN 0+ 1F oy acdly Ligl;sl PM2.5
LRSIV 5 TAPIY ol 5 adcils ol ay oo pod 5 hoSio 09,5 b

S oo Jitee |y o 2l g cmar olKiws 8,Sdee JL-10 s BDNF slays oylo (zals b oo  Sog)l 1 gy azmasts
g oo s Gl ol olias Gl Crge (RoaSe b oS 5 50 sty pdilowsiil Bpan g (LD))s uped a5 > j0
e s ERK 5 CREB asle Sidg g0 so0 lfew sl (s5lo b b 5 Yozt lidlen 51 ol
3,5 o0 &y50 JAK/STAT aiile ool oS it

Joo Sogll el clansT T L) yg o e gl WlodS



Abstract

Background and Objective: Air pollution, particularly fine particulate matter (PM2.5), can
adversely affect cognitive function and brain health. This study aimed to investigate the effects
of moderate-intensity aerobic exercise and anthocyanidin supplementation on the expression
of BDNF and IL-10 genes in mice exposed to PM2.5 particles.

Materials and Methods: In this experimental study, 30 male C57BL/6 mice aged 3 to 4
months were randomly selected and, after a 7-day acclimatization period, assigned to five
groups (n=6 per group): (1) healthy control, (2) PM2.5 exposure, (3) PM2.5 + anthocyanidin,
(4) PM2.5 + exercise, and (5) PM2.5 + anthocyanidin + exercise. The endurance training
protocol consisted of five sessions per week for eight weeks. Gene expression levels of BDNF
and IL-10 were measured using Real-Time PCR. Data were analyzed using one-way ANOVA
followed by Tukey’s post hoc test at a significance level of p<0.05.

Results: The findings of the study revealed a significant reduction in the expression of BDNF
and IL-10 genes in the PM2.5-exposed control group compared to the healthy control group
(p<0.001 for both). However, experimental interventions in the exposed groups led to a marked
increase in BDNF gene expression: 75.9% in the supplement group, 149.1% in the exercise
group, and 227.8% in the combined intervention group, relative to the PM2.5 control. Notably,
the synergistic effect of combining supplementation and exercise resulted in greater increases
compared to either intervention alone (31.2% vs. supplement, 86.5% vs. exercise). Similarly,
IL-10 gene expression increased by 50.4%, 58.1%, and 100.4% in the supplement, exercise,
and combined groups, respectively, compared to the PM2.5 control group. The combined
intervention also demonstrated a stronger effect than either treatment alone (86.3% vs.
supplement, 44.7% vs. exercise).

Conclusion: Environmental pollution impairs neural and immune function by downregulating
BDNF and IL-10 gene expression. In contrast, aerobic exercise and anthocyanidin
supplementation—especially when combined—significantly upregulate these genes. This
synergistic effect is likely mediated through activation of neurotrophic signaling pathways such
as CREB and ERK, and immune-regulatory pathways like JAK/STAT.

Keywords: Aerobic exercise, Antioxidant, Inflammation, Air pollution
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