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ABSTRACT
Objective: Hepatic expression of the MCJ protein, a key marker of cellular and metabolic
function, is influenced by various factors, including physical exercise and dietary interventions.
This study aimed to examine the effects of eight weeks of high-intensity interval training (HIIT)
and intermittent fasting on hepatic MCJ protein levels in male Wistar rats.
Methodology: In this experimental study, 19 male Wistar rats were randomly assigned to four
groups: (1) Control, (2) Diet, (3) HIIT, and (4) HIIT + Diet. The training protocol consisted of
treadmill running for eight weeks, five days per week. In the first week, rats completed two
high-intensity intervals; in the second week, four; in the third week, six; and from the fourth
week onward, eight intervals per session. Accordingly, average session durations were 16
minutes in week one, 24 minutes in week two, 32 minutes in week three, and 40 minutes from
week four onward. Throughout the eight-week intervention, animals followed a daily
intermittent fasting regimen with 16 hours of ad libitum feeding and 8 hours of fasting. Liver
histopathological changes were assessed via light microscopy. Statistical analyses were
conducted using IBM SPSS software (version 22.0). Data were expressed as mean =+
standard deviation (SD). Normality was assessed using the Shapiro-Wilk test. One-way
ANOVA followed by Tukey's post hoc test was used to compare groups. A p-value <
0.05 was considered statistically significant.
Results: One-way ANOVA revealed that HIIT significantly affected hepatic MCJ protein
levels compared to the healthy control group (p = 0.001). Additionally, the combination of HIIT
and intermittent fasting led to a significant reduction in MCJ protein levels (F = 31.167, p <
0.001). However, intermittent fasting alone did not yield a statistically significant effect (F =
1.879, p =0.186).
Conclusion: High-intensity interval training, particularly when combined with intermittent
fasting, may contribute to reduced hepatic mitochondrial MCJ protein levels and thereby
positively influence metabolic function.
Keywords: Non-alcoholic fatty liver disease (NAFLD), High-Intensity Interval
Training (HIIT), MCJ protein, Intermittent Fasting.
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Extended Abstract

Introduction and State of Problem

on-alcoholic fatty liver disease (NAFLD) represents a critical metabolic
disorder where mitochondrial dysfunction plays a central role in
pathogenesis. The liver, as a primary regulator of energy metabolism,
maintains homeostasis through glucose, lipid, and fatty acid metabolism.
Mitochondrial impairment leads to increased oxidative stress, reduced -
oxidation of fatty acids, and hepatic lipid accumulation (1,2). MCJ protein
(Methylation-Controlled J Protein), encoded by the DNAJC15 gene, acts as an endogenous
inhibitor of mitochondrial Complex I in the electron transport chain. Elevated MCJ expression
correlates with decreased ATP production, increased reactive oxygen species (ROS), and
heightened susceptibility to hepatic steatosis. Studies demonstrate that genetic deletion of MCJ
in animal models improves mitochondrial function, reduces hepatic lipid accumulation, and
decreases liver inflammation (3,4). Recent evidence suggests that time-restricted feeding (TRF)
and high-intensity interval training (HIIT) independently activate key molecular pathways
including AMPK, SIRT1, and PGC-1a, thereby enhancing mitochondrial function and fatty acid
oxidation (5). However, limited experimental research examines the combined effects of these
interventions on hepatic MCJ protein expression. This study investigates whether eight weeks of
HIIT combined with intermittent fasting synergistically modulates MCJ protein levels in the
liver of Wistar rats.

Methodology

This experimental study utilized 19 male Wistar rats (8 weeks old, 280+10g) obtained from the
Razi Institute of Tehran. Animals were housed in standard polycarbonate cages under controlled
conditions (temperature 22.4+1°C, humidity 55+4%, reversed 12:12 light-dark cycle). After one
week of acclimatization, rats were randomly assigned to four groups: control, dietary regimen,
HIIT, and HIIT+dietary regimen. Aerobic capacity assessment followed the Bedford protocol
(1979) as standardized by Leandro et al. (2007) for Wistar rats (18,19). The test comprised 10
three-minute stages beginning at 5 m/min with 5 m/min increments at zero incline until
exhaustion. Weekly exhaustion tests determined VO,max percentages for training progression.
The HIIT protocol consisted of five weekly treadmill sessions over eight weeks following a one-
week adaptation period. Each session included warm-up (5 minutes, 50-60% VO,max), high-
intensity intervals (2 minutes at progressively increasing intensities), active recovery periods (2
minutes, 50% VO,max), and cool-down (5 minutes, 50-60% VO,max). Training intensity
escalated from 80% VO,max in week one, to 90% in week two, 100% in week three, and 110%
from week four onwards. High-intensity repetitions increased progressively: two repetitions
(week one), four (week two), six (week three), and eight (week four through eight), resulting in
total session durations of 16, 24, 32, and 40 minutes, respectively. The intermittent fasting
protocol followed a 16:8 time-restricted feeding pattern. Rats received ad libitum food access
for eight hours (8:00-16:00) during the light cycle, followed by 16 hours of fasting. Food intake
was monitored daily (10). Forty-eight hours post-final training session and after 16-hour fasting,
rats were anesthetized with ketamine (50 mg/kg) and xylazine (5 mg/kg) intraperitoneally. Liver

Metabolism and Exercise



33 Cllad g jlw g S g

o

4y Journal of

S

tissue was rapidly extracted and stored at -80°C. MCJ protein expression was assessed using
immunofluorescence. Tissue sections underwent washing in 1X TBS, treatment with 0.3%
Triton and 10% goat serum for blocking, followed by primary antibody incubation (1:100
dilution, 24 hours, 2-8°C) and secondary antibody application (1:150 dilution, 90 minutes, 37°C
in darkness). Sections were counterstained with DAPI and examined using fluorescence
microscopy (Olympus). Fluorescence intensity was quantified using image analysis software.
Statistical analysis employed IBM SPSS version 22.0. Data were expressed as meantSD.
Shapiro-Wilk test assessed normality. One-way ANOVA with Tukey's post-hoc test compared
groups. Significance was set at p<0.05.

Results

ANOVA revealed significant differences in body weight (p<0.001), dietary intake (p=0.005),
and MCJ protein expression (p<0.001) among groups. No significant difference existed in
distance covered between HIIT groups (p=0.768). Final body weights were: HIIT
290.26+24.64g, HIIT+Fasting 253.09+£19.56g, Fasting 254.13£10.43g, and Control
313.05+33.13g. Dietary intake (Kcal) was: HIIT 17.05+1.18, HIIT+Fasting 21.73+£1.81, Fasting
26.32+£3.97, and Control 23.35+7.25. MCJ protein expression showed substantial group
differences. The control group exhibited the highest MCJ levels (47.53+£2.41%), while the
fasting-only group showed the lowest (25.75+1.48%). The HIIT group demonstrated reduced
MCJ expression (41.03+2.65%) compared to control (p=0.001). The combined HIIT+fasting
intervention produced the most pronounced reduction in hepatic MCJ protein (33.32+2.72%),
demonstrating significant effects compared to control (F=31.167, p<0.001). However, fasting
alone did not significantly affect MCJ protein levels (F=1.879, p=0.186). Immunofluorescence
microscopy revealed differential MCJ expression patterns across groups. Green fluorescence
intensity, indicating MCJ protein localization in hepatic tissue, varied markedly. The control
group displayed extensive and intense green signals throughout hepatic tissue, reflecting
elevated MCJ expression. HIIT and fasting groups showed moderately reduced fluorescence
intensity with more diffuse distribution patterns. The HIIT+fasting group exhibited the most
pronounced reduction in green fluorescence, with diminished intensity and sparse distribution,
indicating lowest MCJ protein levels. These immunohistochemical findings corroborated
quantitative analysis, demonstrating synergistic effects of combined interventions on
suppressing hepatic MCJ expression. Distance performance between HIIT and HIIT-+fasting
groups remained comparable (706.23+0.00m vs. 687.484+60.11m, p=0.768), suggesting that
dietary intervention did not compromise exercise capacity. The combined intervention's
superiority in reducing MCJ expression without impairing physical performance indicates
potential therapeutic advantages for metabolic interventions targeting hepatic mitochondrial
function.

Discussion and Conclusion

This study demonstrates that eight weeks of HIIT and intermittent fasting significantly reduce
hepatic MCJ protein expression in Wistar rats, with synergistic effects observed when
interventions are combined. MCJ acts as a negative regulator of mitochondrial function, and its
modulation represents a critical mechanism for improving hepatic energy metabolism. HIIT
activates multiple molecular pathways including AMPK, PGC-la, and SIRTI1, which
collectively enhance mitochondrial biogenesis, fatty acid oxidation, and reduce oxidative stress
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(23,24). During HIIT, elevated AMP/ATP ratios, Ca?*, and ROS activate AMPK and CaMKII,
phosphorylating PGC-lo and promoting genes associated with mitochondrial synthesis
including NRF and TFAM. AMPK inhibits ACC in fatty acid oxidation pathways, enhancing
fatty acid import into mitochondria. Simultaneously, HIIT elevates SIRT1 levels, which
deacetylates and activates PGC-la through AMPK-derived pathways, strengthening
mitochondrial oxidative capacity (25). These molecular cascades increase mitochondrial number
and function, enhance fatty acid oxidation capacity, and reduce ROS production through
strengthened antioxidant networks (27). MCJ, as an endogenous Complex I inhibitor, increases
significantly in metabolic diseases including NAFLD. MCJ suppression enhances Complex I
activity and respiratory supercomplex formation, improving respiratory efficiency, increasing 3-
oxidation, and reducing hepatic lipid burden, particularly when aligned with AMPK-SIRT1
pathway activation (28). Studies by Li et al. (2022) and Zhang et al. (2021) demonstrate that
HIIT reduces hepatic lipid accumulation and improves mitochondrial function through enhanced
metabolic status (29). Intermittent fasting activates cellular processes including autophagy,
improving mitochondrial function through phagosomal clearance mechanisms. This study
showed that intermittent fasting reduced hepatic MCJ protein, enhancing mitochondrial function
and energy metabolism. These findings align with previous research indicating that intermittent
fasting reduces hepatic lipid accumulation, improves mitochondrial function, and decreases
inflammation (34,35). The combination of HIIT and intermittent fasting demonstrated
synergistic effects on MCJ reduction, potentially improving mitochondrial efficiency, reducing
hepatic lipid accumulation, and enhancing metabolic status. These results parallel recent
research by Tang et al. (2022) and Guo et al. (2021) showing that combined exercise and dietary
interventions reduce hepatic lipid content and improve liver function (37). Study limitations
include restriction to male rats, limiting generalizability to females; relatively short intervention
duration (eight weeks) for assessing long-term metabolic changes; focus solely on molecular
markers without clinical, behavioral, or body composition assessments; and lack of diversity in
exercise intensity patterns or dietary regimen types. Future research should employ diverse
animal models including both sexes, extend intervention duration to assess sustainability,
investigate various training and dietary protocols to identify optimal intervention combinations,
and incorporate comprehensive functional, behavioral, and biochemical assessments for whole-
body effect understanding. In conclusion, both HIIT and intermittent fasting effectively reduce
hepatic MCJ protein and improve mitochondrial function, with combined interventions
producing synergistic effects that decrease hepatic lipid accumulation and enhance metabolic
health. The combination represents an effective strategy for improving liver health and reducing
hepatic disease risk. Further research examining these interventions across diverse populations
is warranted for definitive clinical recommendations.
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