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Extended Abstract

regulatory element-binding protein 1¢c (SREBP-1c) an tor alpha (LXRQ), two major regulators of hepatic

lipogenesis. Moderate-intensity interval training ( impr insulin sensitivity and suppress lipogenesis,

whereas betaine has anti-steatotic, anti-inflammato nd insulin-sensitizing properties. Nanoemulsification may
increase betaine bioavailability and efficacy. However, thephepatic molecular responses to their combination have

rarely been examined systematically. Rﬂs y t fore investigated the independent and interactive effects of eight
weeks of MIIT and nanoemulsified betaifig, s ementation on hepatic GLUT4, KLF15, SREBP-1c, and LXRQ gene
expression in obese rats and tested wheth e combined interventions produced synergistic effects beyond either

intervention alone.

Materials & Methods: This experimental study included 25 eight-week-old male Wistar rats (257 + 4 g) that
free access to food a atefiVAfter two weeks of acclimatization, the rats were randomly assigned to five equal

groups: healthy ¢ontr: b control, obese+MIIT, obese+nanoemulsified betaine, and obese+MIIT+nanoemulsified

betaine. E the iealthy control, the groups received a high-fat, high-cholesterol diet for 12 weeks; obesity
indy@tion med using body weight and serum glucose, lipid-profile, ALT, and AST criteria. The MIIT protocol
was p m eight weeks, five sessions weekly, on a zero-incline treadmill. Each 30-minute session comprised

ten one-minlite work bouts separated by two-minute active-recovery bouts at 5 m/min. Work-bout speed increased
from 10 m/min (50% of maximal running speed) to 16 m/min (80%) by week four and remained unchanged through
week eight. Nanoemulsified betaine (trimethylglycine hydrochloride) was administered by gavage at 50 mg/kg body
weight before exercise, five days weekly for eight weeks. Forty-eight hours after the final intervention, rats were
anesthetized with ketamine/xylazine, and 30 mg of the middle liver lobe was collected and stored at -80 °C. Hepatic
GLUT4, KLF15, SREBP-1c, and LXRQl expression was quantified by qRT-PCR using GAPDH as the internal control

and the 27-AACT method. Normality and homogeneity were assessed by Shapiro—Wilk and Levene tests.

Independent t-tests, two-way ANOVA, and Bonferroni post-hoc tests were performed in SPSS 26 at p<0.05.
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Results: No animals died, and all allocated animals and samples were included in the final analyses. Compared with

the healthy control, obesity significantly reduced hepatic GLUT4 and KLF15 expression and increased SREBP-1c and

LXRa expression (p<0.001 for all genes), confirming substantial metabolic disruption in the obese model. Two-way

ANOVA showed significant main effects of MIIT and nanoemulsified betaine on all four genes. Independently, each
intervention increased GLUT4 and KLF15 and decreased SREBP-1c and LXRQ! (p<0.001). MIIT produced larger
effect sizes than betaine for increased GLUT4 (N*=0.82 vs 0.48) and KLF15 (N?=0.79 vs 0.54) and reduced LXRQ
(N%=0.94 vs 0.82). Conversely, betaine had a somewhat larger effect on reducing SREBP-1c (N?=0.82 vs 0.71). The

interaction was significant only for SREBP-1c (F=7.09, p=0.017, N?=0.30); interactions were not significant for GLUT4,

KLF15, or LXRO.. Thus, the two interventions acted independently for three targets but synergis; ppressed
SREBP-1c. Simple-effect analyses also showed that MIIT significantly increased GLUT4 and nd decreased
SREBP-1c and LXRQ both with and without supplementation. Likewise, betaine significantly{i all four gene-
expression outcomes in both trained and untrained conditions. Bonferroni comparison her GLUT4 and
KLF15 and lower SREBP-1c and LXRQ in the combined group than in the MIIT- beta@ine-only groups, while

the interaction test identified synergy exclusively for SREBP-1c.

Table 1. Two-way analysis of variance results for the effects of the study interve @ ative gene expression (22-AACT)

Fa

Sum of Eta Squared
Variables Source df F P
Squares n?

MIIT 51.02 1 74.60 <0.001* 0.82

Nanoemulsified betaine 10.48 1 15.32 0.001** 0.48

MIIT x Nanoemulsified betaine 0.07 1 0.10 0.752 0.01

MIIT 57.88 1 61.05 <0.001* 0.79

Nanoemulsified betaine 17.85 1 18.84 0.001** 0.54

MIIT x Nanoemulsified betaine 0.03 1 0.03 0.853 0.01

MIIT 0.79 1 39.28 <0.001* 0.71

SREBP-1c Nanoemulsified betaine 1.51 1 75.74 <0.001** 0.82
MIIT x Nanoemulsified betaine 0.14 1 7.09 0.017*** 0.30

MIIT 1.86 1 271.20 <0.001* 0.94

LXROU Nanoemulsified betaine 0.52 1 76.51 <0.001** 0.82
MIIT x Nanoemulsified betaine 0.01 1 1.92 0.184 0.10

* Indicates a significant ct of on the research indices; ** Indicates a significant effect of Nanoemulsified betaine on the
research indices; % dic significant interactive effect of MIIT and nanoemulsified betaine on the research indices.

Significance leve . GLUT4: Glucose transporter-4; KLF15: Kriippel-like factor 15; SREBP-1c: Sterol regulatory
element-bi proteij LXRa: Liver X receptor alpha

Conclusion: Ei weeks of MIIT and nanoemulsified betaine supplementation each independently shifted hepatic

metabolic e expression toward improved insulin sensitivity and reduced lipogenesis in obese rats. MIIT exerted

comparatively stronger effects on GLUT4, KLF15, and LXRO, whereas betaine showed a somewhat stronger

independent effect on SREBP-1c. Combining the interventions did not provide a significant synergistic advantage for

GLUT4, KLF15, or LXRQ., suggesting convergence on common final pathways or a physiological ceiling. The
significant interaction for SREBP-1c was the important exception and indicated stronger suppression of this central
lipogenic regulator when both interventions were applied. Mechanistically, MIIT may activate AMPK through increased

energy demand and muscle-derived signals, thereby promoting GLUT4 expression, improving insulin signaling,

phosphorylating SREBP-1c to limit its nuclear entry, and reducing endogenous LXRQ ligands as hepatic lipid content

declines. Betaine may facilitate the methionine—homocysteine cycle and S-adenosylmethionine-dependent DNA and
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histone methylation, reduce endoplasmic-reticulum stress, and activate AMPK through changes in the AMP/ATP ratio.

Their selective synergy on SREBP-1c may therefore reflect complementary suppression: MIIT reduces its upstream

activator LXROl and limits its activation, whereas betaine restricts SREBP-1c promoter accessibility and proteolytic
activation. Accordingly, either intervention alone may be sufficient to target insulin sensitivity and hepatic lipogenesis,
while their combination may be particularly useful for suppressing SREBP-1c and potentially reducing obesity-related

fatty liver.

Keywords: Aerobic Exercise, Betaine, Lipid Metabolism.
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Abstract

Background and Aim: Interval training by improving insulin sensitivity and betaine by re epatic lipogenesis
each have the ability to modulate metabolic disorders caused by obesity. The aim of was to investigate the
effect of moderate-intensity interval training (MIIT) along with nanoemulsified“ain mentation on the hepatic

inwf (SREBP-1c), liver X

ese rats. ials and Methods: 25 rats were

expression of glucose transporter-4 (GLUTA4), sterol regulatory element bindi
receptor-alpha (LXRQ), and Kroppel-like factor-15 (KLF15) genes in
divided into five equal groups including healthy control, obese cont bes bese+nanoemulsified betaine,
and obese+MIIT+nanoemulsified betaine. The obese grou h-f lesterol diet for 12 weeks. MIIT
protocol was performed for eight weeks, including 30-miriate ctivity bouts speed of 10 to 16 m/min, five

days a week; Nanoemulsified betaine supplementatior‘*a y gavage at a dose of 50 mg/kg body
weight. The hepatic expression of GLUT4, SREBP-4€, LX KLF15 genes was examined by qRT-PCR. Data
of variance at the p<0.05 level. Findings: Obesity
ased SREBP-1c and LXRQ (p<0.001 for all genes). MIIT

KLF15 and also decreased SREBP-1c¢ and LXRQ (p<0.001

were analyzed by independent t-tests and tw
decreased the expression of GLUT4 and KLF15

and supplementation each separately increased GL

for both interventions; for all genes). The.i ion @fthe two interventions only significantly reduced SREBP-1c
(p=0.017). Conclusion: MIIT and n ied betaine interventions each independently modulate the expression
pattern of hepatic metaboli nes {0 ulin resistance and reduce lipogenesis. However, the interaction of

these two interventions and_t y ti* ct only specifically causes stronger suppression of SREBP-1c, which

could be important in ‘rﬁjci nesis and improving obesity-related fatty liver.

Keywords:ﬁerobic Exe eta#e, Fatty Liver, Lipid Metabolism.
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