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Extended Abstract

Background and Aim: Type 2 diabetes mellitus is characterized by chronic hypergl resistance, and

progressive pancreatic beta-cell dysfunction. In addition to oxidative stress, lowggra mation, mitochondrial
impairment, and endoplasmic-reticulum stress, disruption of intra-islet signaling mag contribute to the deterioration of
insulin secretion. Melatonin receptor 1B (MTNR1B), which is expressed in ic ts, is coupled to inhibitory G

proteins and can suppress adenylyl cyclase, cyclic adenosine monophosph production, and protein kinase

A-dependent insulin secretion. Increased MTNR1B expression or ag ay th e intensify beta-cell dysfunction.

resistance training and chitosan-coated

expression, tissue cAMP, fasting gluco&kc homeostatic model assessment of insulin resistance (HOMA-IR),
and body weight in rats with experimentally inditced type 2 diabetes.

Materials & Methods: This e ental study included 35 eight-week-old male Wistar rats with an initial body weight

of 270£20 g. Sample size w ed in G*Power for an analysis of variance of main and interaction effects, using

an effect size of and power of 0.85. Following two weeks of adaptation, animals were randomly

assigned to fiv (n=7): healthy control (HC), diabetic control (DC), diabetictresistance training (RT),
diabetict+s e ), and diabetictresistance training+supplement (RT+GSE). Type 2 diabetes was induced by
four ‘Week a high-fat diet providing 60% of energy from fat, followed by a single intraperitoneal injection of

streptozot@ein (35 mg/kg). Diabetes was confirmed by fasting glucose 2200 mg/dL in two assessments together with
evidence of diet-induced insulin resistance. The high-fat diet was continued throughout the intervention. Resistance
training was performed on a 110-cm ladder inclined at 85°, five sessions weekly for eight weeks. Training progressed
from 6-8 climbs at 50% of maximal voluntary carrying capacity (MVCC) in week 1 to 9—10 climbs at 80% MVCC during
weeks 6-8, with 90-120 seconds of recovery between climbs. MVCC was reassessed at the beginning of weeks 4 and
7. The supplement groups received chitosan-coated nanoliposomal black grape seed extract by daily oral gavage at
250 mg/kg body weight, based on the effective encapsulated proanthocyanidin dose; non-supplemented groups
received distilled water. Forty-eight hours after the final intervention and following a 10—12-hour overnight fast, blood
and pancreatic tissue were collected. Fasting glucose was measured enzymatically, insulin by ELISA, and HOMA-IR

was calculated from fasting glucose and insulin. Pancreatic MTNR1B mRNA was quantified by SYBR Green real-time
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gPCR, normalized to GAPDH, and expressed using the 2"-AACt method. Pancreatic cAMP was measured by

competitive ELISA and normalized to total protein. Data were analyzed in SPSS 26. Model induction was assessed by
an independent-samples t-test comparing HC and DC, while the main and interaction effects of training and

supplementation were evaluated by two-way ANOVA among the four diabetic groups. Statistical significance was set

at p<0.05.

Results: Diabetes induction significantly increased pancreatic MTNR1B expression, fasting glucose, insulin, HOMA-

IR, and body weight and reduced pancreatic cAMP compared with HC (all p<0.001). Resistance training exerted
significant main effects on MTNR1B (p=0.006), cAMP, fasting glucose, insulin, HOMA-IR, and body weight (all other

p<0.001). Supplementation also significantly improved all outcomes (p=0.012 for insulin and p<0.00 #ffor emaining

variables). The effect-size profiles differed between interventions: supplementation produce larger reduction in

MTNR1B expression than training (partial N?=0.69 vs 0.28), whereas training showed larger insulin (0.49 vs
e effects of both
RT+GSE compared
eight, while cAMP was higher.
ly for body weight (p=0.009).
HOMA-IR, indicating that the

interventions were substantial, although training remained numerically stronger.
with DC were lower for MTNR1B, fasting glucose, insulin, HOMA-IR, and

Fastin
o MTNR1B cAMP (pmol/mg d Insulin Body weight
Statistics ) glucose HOMA-IR
(22-AAct) total protein) (mlU/L)

(mg/dL) @

20.65 30.92 23.41 4420 138.05
0.006* <0.001* <0.001* <0.001* <0.001* <0.001*

Training partial N? 0.28 0.46 0.56 0.49 0.65 0.85
Supplement F 54.15 14.23 26.77 7.35 22.65 32.13
Supplement p © <0.001* 0.001* <0.001* 0.012* <0.001* <0.001*

Supplement partial
. 0.69 0.37 0.53 0.23 0.48 0.57
n

Interaction F 0.03 0.01 0.001 0.01 0.14 7.98
Interaction p 0.857 0.934 0.987 0.952 0.713 0.009*

Interaction partial
n: 0.001 0.001 0.001 0.001 0.01 0.25

* Statistically significant at p<0.05. MTNR1B: melatonin receptor 1B; cAMP: cyclic adenosine monophosphate; HOMA-IR:

homeostatic model assessment of insulin resistance.

Conclusion: Resistance training and chitosan-coated nanoliposomal black grape seed extract independently
improved pancreatic MTNR1B expression, cAMP content, and metabolic indices in rats with high-fat
diet/streptozotocin-induced type 2 diabetes. Their differing effect-size profiles suggest complementary rather than

uniformly synergistic actions: supplementation more strongly influenced MTNR1B expression, whereas training
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exerted greater effects on insulin, HOMA-IR, and body weight. Mechanistically, resistance training may reduce

systemic metabolic load through enhanced muscular glucose disposal and improved insulin signaling, thereby lowering
secretory pressure on beta cells. Grape-seed proanthocyanidins may primarily improve the intra-islet redox
environment through Nrf2-related antioxidant activity, attenuation of endoplasmic-reticulum stress, and protection
against ferroptotic injury; nanoliposomal encapsulation and chitosan coating may enhance their stability and
bioavailability. The concomitant reduction in MTNR1B expression and elevation of pancreatic cCAMP are consistent
with reduced inhibitory signaling through the MTNR1B/Gi/adenylyl cyclase pathway, but this mechanism cannot be
confirmed because receptor protein, adenylyl cyclase and protein kinase A activities, beta-cell mass, and glucose-

stimulated insulin secretion were not measured. The interaction between training and supplementation was limited to

body weight, with no significant interaction for the principal molecular or glycemic outcomes. Thes ings support
the two interventions as potentially complementary preclinical strategies, but direct extrapolati umans is not
warranted.

Keywords: Strength Training, Anthocyanidin, Diabetes Mellitus, Melatonin Receptor.
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The interactive effect of resistance training and black grape seed extract nanoliposomes on

MTNR1B gene expression, pancreatic cAMP levels, and metabolic indices of insulin resistance

in a type 2 diabetic rat model

Abstract

Background and Aim: Experimental evidence has linked the pancreatic MTNR1B-cAMP axis to the regulation of
insulin secretion, although its causal role in beta-cell dysfunction in type 2 diabetes remains unclear. Evidence
suggests that resistance training and black grape seed extract, acting independently via distingf yet converging
pathways involving systemic-metabolic adaptations and intra-islet redox modulation, respectively infliggce diabetic

markers; this convergence provides a rationale for investigating their potential interaction. Therefore, thi y aimed

MTNR1B gene expression, pancreatic tissue cAMP levels, and metabolic markers (fasti insulin, and
HOMA-IR) in diabetic rats via a high-fat diet and streptozotocin. Materials and Methods: r rat heads were

divided into five groups (seven rats in each group) including healthy control, dia diabetic+exercise,

diabetictsupplement, diabetictexercise+supplement. Diabetes was induce ur-week high-fat diet and
i'ive sessions per week,
xtrd supplement coated with

ight, equivalent to the effective

finally with a single dose of streptozotocin. Resistance training was carried out for gi
at an intensity of 50 to 80 percent MVCC; the nanoliposomal black grape
chitosan was prepared and administered daily at 250 mg per kilo

proanthocyanidin encapsulated in the formulation and based on %he jou tive dose in this model; body

weight, serum fasting glucose concentration were measuyre zymati , and insulin concentration was measured
by ELISA, and insulin resistance was calculated via N MTNR1B, gene expression in the pancreas was
measured by real-time qPCR, and tissue cAMP lev using ELISA. Modeling success was evaluated

were
with an independent t-test between control u;)?,a ain and interactive effects of interventions were

examined by two-way ANOVA in the four diabetic

of MTNR1B, glucose, insulin, HOMA-IR, and i nd decreased cAMP (p<0.001). Training independently

reversed the increased levels of MTNR1B (p=0.006), \glucose, insulin, HOMA-IR, and weight, and increased cAMP
as

0 able to improve the levels of the aforementioned markers

0.05. Findings: Diabetes induction increased the levels

(p=<0.001 for all markers). The supplem one

(p=0.012 for insulin and p§0.001 fi
resulted in weight reduction .00 ncl n: These findings suggest that resistance training and black grape

kers). However, the interactive effect of the two interventions only

seed extract nanolip e hin ndently contribute to partial restoration of the pancreatic MTNR1B-cAMP
axis and improvement of lic markers in experimental type 2 diabetes; their interaction was limited to weight

reduction, and extrapolati ni§| settings requires further studies.

u
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