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Extended Abstract

Background and Purpose
Brain aging is a timeldependent physiological process closely associated with progressive

mitochondrial dysfunction, particularly within the hippocampus. Mitochondrial quality control
(MQQ) is essential for maintaining neuronal integrity and protecting cells against metabolic and
oxidative stress. Mitophagy, primarily regulated by the PINKZ1/Parkin pathway, is a key
mechanism that preserves MQC by eliminating dysfunctional mitochondria; however, its
efficiency declines with age, enhancing to oxidative stress, metabolic imbalance, and
neurodegeneration. Exercise training is recognized as a potent modulator of MQC, with
moderatelintensity continuous training (MICT) consistently shown to enhance mitophagy [telated
pathways, whereas the effects of highlintensity interval training (HIIT) on mitophagy in the aging
brain remain unclear inconsistent. Clarifying how different exercise intensities influence
PINK1/Parkin-mediated mitophagy is essential for optimizing exercise interventions to protect
brain function during aging. Therefore, this study aimed to investigate the effects of eight weeks
of MICT and HIIT on some mitophagy markers (PINK1, Parkin) in the hippocampus of D-
galactose—induced aging rats.
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Materials and Methods

Twenty eight male Wistar rats (3 months old; 220 + 40 g) were obtained and housed in the Animal
Facility of the University of Isfahan under controlled environmental conditions (12-h light/dark
cycle, 23 + 2 °C, 50 £ 5% humidity) with ad libitum access to standard chow and water. After a
one-week acclimation period, rats completed five days of treadmill familiarization (5-10 m/min,
0% incline, 10 min/day). Subsequently, the animals were randomly divided into four groups (n =
7 each): control (C), D-galactose- induced aging model (D-gal), moderate-intensity continuous
training plus D-galactose (MICT+D), and high-intensity interval training plus D-galactose
(HIIT+D). Aging was induced in all groups except the control group via daily intraperitoneal
injections of D-galactose (150 mg/kg/day, dissolved in 0.9% saline) for eight weeks. was
monitored weekly throughout the intervention. Baseline exercise capacity and maximal running
velocity (Vmax) were determined using an incremental treadmill test. The protocol consisted of
ten consecutive 3-min stages at 0% incline, beginning at 0.3 km/h and increasing by 0.3 km/h per
stage until volitional exhaustion. Vmax was reassessed at weeks 2, 4, 6, and 8 to adjust training
intensities. Exercise training was conducted five days per week for eight weeks and each sessions
included a 5 min warm up and cool down at 40% Vmax. The MICT protocol involved continuous
running at 60% Vmax for 33.3 -38.5 min, while the HIIT protocol consisted of nine 1.5-min bouts
at 85% Vmax interspersed with nine 2-min recovery bouts at 45% Vmax. Forty-eight hours after
the final training session, and following a 12-h fast, rats were anesthetized using ketamine (90
mg/kg) and xylazine (10 mg/kg) and subsequently euthanized. Hippocampal tissues were rapidly
dissected on an ice-cold surface, immediately snap-frozen in liquid nitrogen, and stored at —70
°C until analysis. To assess expression levels of PINK1 and Parkin by Western blotting, tissues
were homogenized in a lysis buffer containing protease inhibitors, followed by centrifugation at
14,000 rpm for 10 minutes at 4 °C. The resulting supernatants were collected, and protein
concentrations were determined using the Bradford assay. Samples were separated on 12% SDS—
PAGE gels, transferred to PVDF membranes, blocked with 5% skim milk, and incubated with
primary antibodies against PINK 1, Parkin, and B-actin, followed by HRP-conjugated secondary
antibodies for 1 hour at room temperature. Protein bands were visualized by enhanced
chemiluminescence and quantified relative to B-actin. A onelway ANOVA was used to analyze
PINK1 and Parkin levels, and a twolWway repeatedmeasures ANOVA assessed changes in body
weight and Vmax over time. The Bonferroni post hoc test was used for pairwise comparisons
between groups. A significance level of p < 0.05 was applied.

Results
The results of the repeated-measures ANOVA for body weight revealed a significant main effect

of time (F(1,24) = 130.180, p = 0.001 «n?p = 0.844), indicating that mean body weight changed
significantly over the course of the 8-week intervention. However, the main effect of group was
not significant (F(3,24) = 0.154, p = 0.926 «n?p = 0.019), demonstrating that mean body weight
did not differ across groups. Despite the absence of group differences, the time x group interaction
was statistically significant (F(3,24) = 3.935, p = 0.020, n*p = 0.330), suggesting that patterns of
weight change over time varied among groups. For Vmax, there was a significant main effect of
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time (F(1,24) = 7.105, p = 0.014, 1?p=0.228), along with a significant main effect of group
(F(3,24) = 26.527, p = 0.001, n?p=0.768). Furthermore, a highly significant time x group
interaction was detected (F(3,24) = 70.095, p = 0.001, n?>p=0.898), indicating that the progression
of Vmax over the 8-weeks period differed substantially between groups. Bonferroni post hoc tests
indicated no significant difference in Vmax between the control and D-gal groups (p = 1.000). In
contrast, both training groups showed significant increases in Vmax compared with the control
and D-gal groups (p = 0.001). No significant difference was found between the MICT+D and
HIIT+D groups (p = 1.000), indicating that both training modalities comparable improvements in
Vmax. To determine the effect of exercise intensity on the expression levels of mitophagy-related
proteins, a one-way ANOVA was conducted for PINK1 and Parkin. The analysis revealed
significant differences among groups for both proteins (PINK1: F(3,24) = 385.30, p = 0.001, n*p
= 0.979; Parkin: F(3,24) = 591.40, p = 0.001, n?p = 0.986). Post hoc Bonferroni comparisons
indicated that D-gal administration significantly increased levels of PINK1 and Parkin expression
relative to the control group (both, p = 0.001). in contrast, eight weeks of exercise training
markedly reduced the expression of both proteins in the MICT+D and HIIT+D groups compared
with the D-gal group (p = 0.001), demonstrating that aerobic training effectively attenuated
mitochondrial stress responses. Moreover, the MICT+D group exhibited a significantly greater
reduction in PINK1 and Parkin levels than the HIIT+D group (p = 0.001). These findings indicate
that both exercise protocols improved functional capacity (Vmax), while MICT exerted a more
pronounced regulatory effect on mitophagy-related protein expression in the aging-induced
hippocampal tissue.

Conclusion

The present study demonstrates that chronic D-galactose administration the significantly
elevation of PINK1 and Parkin expression in the hippocampus. This increase likely reflects a
compensatory response to increased oxidative stress and the accumulation of damaged
mitochondria, which is consistent with previous evidence indicating that D-galactose promotes
ROS over production, accelerates brain aging, and impairs mitochondrial integrity. In contrast,
eight weeks of exercise training reversed these alterations, as both MICT and HIIT significantly
reduced PINK1 and Parkin levels compared with the D-gal group. These findings are in line with
the established role of exercise in modulating mitophagy-related pathways and improving
mitochondrial function. Notably, MICT induced a more pronounced reduction in these proteins,
suggesting that moderate, sustained intensity may more effectively regulate the mitophagy
signaling in vulnerable hippocampal tissue, and facilitate a more efficient restoration of
mitochondrial homeostasis compared with HIIT. Collectively, these results underscore the
therapeutic potential of appropriately prescribed exercise training for mitigating mitochondrial
dysfunction during aging and highlight MICT as a particularly promising strategy for maintaining
hippocampal cellular integrity.

Key Words: MICT, HIIT, Mitochondrial Quality Control, Aging Model.
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Article Message

The findings of the present study demonstrate that both continuous and intermittent exercise
training (MICT, HIIT), effectively improved hippocampal MQC-related protein expression and
attenuated D-galactose—induced neurodegenerative alterations. Notably, MICT induced a more
pronounced restoration of MQC balance compared with HIIT, suggesting that moderate,
sustained exercise may exert a more favorable regulatory influence on mitochondrial homeostasis
in the aging hippocampus. These results highlight the importance of considering exercise intensity
and training structure when designing interventions aimed at mitigating or preventing brain aging.
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Duration (min)
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5O dazin oS gt (Sladiges (8,5 O ygun OO iy g, 5l oolaiwl b oy s s slaws 4 iolejl 69,5 e o
xVor Ggiy p)S 1Y) Yo (Lo V00 muaw w5 (0 )5+ 17) Vg0 (oo B0 ily a5 (5ol oaiiS 3 3L
5 (05 1Y) 9oy <[V SDS (o5 <1+ 0) oy <Y SV S e mids (2 o [+ V) ao s <)
oyiiga yhiie ol 5 (oo Yo 50 (o5 1) Vgo (ho ) wilpsle Jiisdls s Jine b (e S OIAT) EDTA
S5 ol b il e Vo 2 00 g See Ve dants o B 5l 6T sl jshateds sl Sl iy o
Bb e Sa Voo (bl p)5 (o Vo v 52 gl s 0l 004331 (Sigma-Aldrich, USA) ;L e0isS ) le

3o el e (YO« TPM) S sy ;L5000 b gu (59, 4830 ¥ o 4y badigad g 0 adlsl o s 3J

b g n chile a g pslaez (29 Jolome Sl az )0 F o aiBo Ve Dae 1 F el 1PM o 50 il
(USA. BioTek, ELX800) gl 040 Zso Job o oylails l lereas BSA 5l eola il L g 5,680, s,
0laeol b Loty e - 50 (65,0055 01,5 bl az 30 Ve sles yo Gialejl lo; b ladigad g 0 (5,505l
L loleé .o Jae PVDF slac 4 g 0,565 ool s ,ST b-llgus Jaawdgd mades auo )0 VY 5 5,489 5SJ1 5|
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PINK1(1:500, sc- 517353, Santa Cruz Biotechnology, USA), Parkin aJgl sl ol 51 b 361 sles

(1:1000, #4211, Cell Signaling Technology, USA), B-actin (1:1000, #4970, Cell Signaling
HRP (1:1000, 4 Jaie 45555 a6l (0l 5T b lalad cgigians 5 o 2iai 4555 Technology, USA).
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Figure 1- The experimental design | gisgjs sl L5 b -V Jsio

1. Shapiro-Wilk

2. Levene

3. Repeated measures analysis of variance (RM ANOVA)
4 . Bonferroni
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Table 3- RM- ANOVA results for descriptive research variables between groups
Pl ojlasl &l ladio F Ao 3 alslow 31 ey 09,5 dio
n%p p-value Post test Pre test Group Variable
260 £14.5 213.4 9.8 C RO
np=0844  pime=0.000  Fuime=130.2  2862:31.1  229.4:16.8 D- gal Body
n?p= 0.019 pgroup:0.926 Fgroup:0-154 283.7 £26.8 216.4 £26.8 MICT+D WEight (g)
n°p=0.330 Prg=0.020  Feg=3.935 20821397  201.4%9.9 HIT+D
11.42 +6.3 20.7 7.3 C Ay s
n22p=_ (())72538 Ptime :_%(())tzz) Fane 1615 6.4+24 20.7 £5.3 D-gal Vmax
e Paroup =3, group ~3- 37.8+4.8% 20.7 +8.7 MICT+D (m/min)
nwp=0898  prg=0000  Feo =701 457,45 236+ 2.4 HIIT+D

P </o0 s lobins o D-gal 05,5 L lobins gl 0 .C 05,5 b lsbine @glis @ ol o il Byl £ (o Kilia 90 4 polie

Values are presented as mean + SD. a: Significant difference with C group, b: Significant difference with D-gal group;
Significant level P<0.05.
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Figure 2- Changes in the expression levels of PINK1 and Parkin proteins in the hippocampus of aging rat models
following 8 weeks of exercise training (MICT and HIIT) and D-galactose administration. (Images and graphs of
expression of MQC-related proteins are analyzed by Western blot. (a): PINK1, (b): Parkin. * Significant difference
with C group, a: Significant difference with D-gal group, b: Significant difference with MICT+D group, Significant
level P<0.05)
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