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Extended Abstract

Background and Aim: Non-alcoholic fatty liver disease (NAFLD) range
steatohepatitis, progressive fibrosis, and cirrhosis. Hepatic inflammation

receptor 4 (TLR4), activated by bacterial lipopolysaccharides and s

through nuclear factor kappa B (NF-KB), promoting pro-j

and mealworm supplementation ondthe

examined. This study investigated the indgpe t and combined effects of aerobic interval training and mealworm

extract supplementation on hepaiic. TLR4 and NF-KB expression, hepatocyte fat-droplet accumulation, sinusoidal

dilation, and apoptotic-cell per if rats with experimentally induced NAFLD.

Materials & MethodsgThis rimental study included 25 eight-week-old male Wistar rats (260+20 g). Sample size
was estimated usi *P r one-way analysis of variance, with a large effect size, 00=0.05, and statistical power
of 0.82. Animals housed at 20-24 °C, 45-55% humidity, and a 12:12-hour light-dark cycle with free access to
water andfsta d. After two weeks of adaptation, rats were randomly allocated to five groups (n=5): healthy
contr HC), LD, NAFLD+exercise (Exe), NAFLD+supplement (Supp), and NAFLD+exercise+supplement
(Exe+Su NAFLD was induced over 12 weeks using a diet containing standard rodent feed plus 15% animal fat, 1%
cholesterol, and 0.5% cholic acid; induction was confirmed through body weight and serum glucose, lipid-profile, ALT,
and AST criteria. After treadmill familiarization and determination of a 20 m/min maximal running speed, training
groups completed eight weeks of aerobic interval training, five sessions weekly, at 50-80% of maximal running speed.
Each 30-minute session incorporated progressive overload and alternating work and active-recovery bouts.

Supplemented groups received mealworm protein extract by morning gavage at 20 mg/kg body weight (40 mg/mL),

five days weekly for eight weeks; other groups received distilled water. Forty-eight hours after the final intervention,

rats were anesthetized with ketamine/xylazine, and liver tissue was collected. Hepatic TLR4 and NF-KB expression
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was quantified by real-time PCR using GAPDH as the internal control and the 2*-AACT method. Hematoxylin-eosin

staining, light microscopy, and ImageJ were used to assess hepatocyte fat droplets, sinusoidal dilation, and apoptotic

cells. Data were analyzed in SPSS 26 using Shapiro-Wilk, Levene, one-way ANOVA, Tukey post-hoc tests, and
Cohen’s d at p<0.05.

Results: NAFLD markedly increased hepatic TLR4 and NF-KB expression, hepatocyte fat-droplet counts, sinusoidal
dilation, and apoptotic-cell percentage compared with HC. One-way ANOVA indicated significant between-group
differences for every outcome (p<0.001), with partial N? values ranging from 0.93 to 0.98. Exercise alone, mealworm

supplementation alone, and their combination significantly reduced all five outcomes relative to the NAFLD group

(p<0.001), with large or very large pairwise effects. The independent interventions produced broadlyimi ductions
in inflammatory-gene expression: TLR4 decreased by 72.7% with exercise and 73.5% with su ationy whereas

NF-KB decreased by 68.8% and 70.9%, respectively. The combined intervention produced th improvements
in every outcome, reducing TLR4 by 96.3%, NF-KB by 92.8%, fat droplets by 66.6%, s on by 66.5%, and
ng 98.7% and 97.6%

recovery, respectively. Combined treatment was also significantly superi 0 h single interventions for all

apoptotic cells by 55.8%. TLR4 and NF-KB returned significantly close to H

outcomes. The complete Tukey comparison is presented below.

Table 1. Supplementary analysis of Tukey test results for between-group e NAFLD group and percentage

changes

Exe -0.727  <0.001*  -72.7 14.1 74.5
Supp -0736  <0.001*  -735 13.8 75.3
ExetSupp ~ -0.965  <0.001*  -96.3b 19.2 98.72¢
Exe ~  -0688  <0.001*  -68.8 12.4 72.5
Supp -0.709  <0.001*  -70.9 11.9 74.6
Exe+Supp -0.928  <0.001*  -92.8b 17.6 97.62 ¢
Exe -13.03  <0.001*  -26.7 2.7 33.7
Supp -11.09  <0.001*  -22.7 23 28.6
Exe+Supp -32.50  <0.001*  -66.6P 6.8 84.02
Exe -18.71  <0.001*  -38.0 3.7 48.6
Supp -16.64  <0.001*  -3338 3.3 43.2
Exe+Supp -32.76  <0.001*  -66.5b 6.5 85.12
Exe -490  <0.001*  -23.1 2.4 31.1
Supp -5.24  <0.001*  -24.7 26 33.2
Exe+Supp -11.82  <0.001*  -55.8 5.9 74.92

*Significant difference from NAFLD (pS0.0S); 2 highest recovery toward HC among interventions; b greatest change versus NAFLD;
¢ significant return to the HC level (p<0.05). TLR4: Toll-like receptor 4; NF-KB: Nuclear factor kappa-B.

Conclusion: Aerobic interval training and mealworm extract supplementation independently reduced hepatic TLR4

and NF-KB expression and improved fat-droplet accumulation, sinusoidal dilation, and hepatocyte apoptosis in rats
with NAFLD. Their separate effects were generally comparable, supporting the independent potential of each
intervention. However, combining training with supplementation produced significantly greater reductions than either

intervention alone and restored inflammatory-gene expression to levels very close to healthy controls. Mechanistically,



‘\;\T\ Journal of Practical Studies of

4| ' Biosciences in Sport

interval training may activate AMPK and CPT-1-dependent mitochondrial fatty-acid oxidation, reducing hepatic

lipotoxicity, saturated-fatty-acid/DAMP stimulation of TLR4, ROS generation, IKKB activity, IKB degradation, and NF-
KB nuclear translocation. Mealworm bioactive peptides and phenolic compounds may inhibit TLR4/MD-2 dimerization

and downstream MyD88/TRIF/NF-KB signaling, while chitin may improve gut-barrier integrity and limit circulating LPS;
antioxidant peptides may additionally attenuate ROS- and cytochrome-c-mediated apoptosis. Their combination may

therefore provide complementary metabolic and inflammatory blockade, reinforced by mealworm PUFA-mediated

PPAR-QU/Y activation, thereby reducing lipogenesis, increasing lipid oxidation, and more effectively restoring hepatic
structure. Thus, combined aerobic interval training and mealworm supplementation may represent a promising non-
pharmacological strategy for NAFLD; however, because this investigation used an animal model, its fi s cannot be

generalized directly to human populations.
Keywords: NAFLD, Inflammation, Exercise, Mealworm, Apoptosis.
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Background and Aim: Hepatic inflammation in nonalcoholic fatty liver diseas s a pivotal role in the

activation of the toll-like receptor-4 (TLR4)/nuclear factor kappa-B (NF- K B) p ich is associated with the

secretion of proinflammatory cytokines, exacerbation of oxidative stri and \ind of apoptosis. The first line of

Y, W

treatment for NAFLD is lifestyle intervention, including diet and exercis of this study was to investigate
the combined effect of interval tarining with mealworm supfle tion o hepatic expression of inflammatory genes
TLR4 and NF-KB and structural damage of liver tissue irﬁts FLD. [Materials and Methods: 25 rats, including
five rats per group, were divided into five groups: he‘ﬂuy co
and model+exercise+supplement. NAFLD mode

AFLD model, model+exercise, model+supplement,
ed with high-fat, cholesterol, and cholic-acid diet. The
interval aerobic training was performed for eight we sessions per week at intensity of 50 to 80% of maximum

running speed, for total of 30 minutes with overload; e of mealworm extract supplement was performed at dose of

20 mg/kg bodyweight. Hepatic expression of TL nd INF-KB genes was measured by Real-Time-PCR, accumulation

of fat droplets in liver, sinusoidal expans nd percehtage of apoptosis by hematoxylin-eosin tissue staining. Data
were analyzed by one-way ANOVA an ost-hoc tests at p<0.05. Results: Induction of NAFLD led to increase
in hepatic expressmn of T @ cumulation of fat droplets, sinusoidal expansion, and percentage of

apoptosis in liver tlssuQ\er alworm supplementation, and the combination of both interventions reduced
mpared to NAFLD model group (p<0.001). The combination of exercise and

restore TLR4 (98.7%) and NF-KB (97.6%) expression to healthy baseline compared to

the levels of all study in

supplementation was abl
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