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. Despite all the conquered knowledge
about nucleotide-binding domain, leucine-
rich—containing family, pyrin domain—
containing-3  (NLRP3) inflammasome
as key driver of insulin resistance and
complex etiology of Type 2 diabetes,
linking inflammasome cytokines and insulin
resistance with glucose/insulin alterations,
the puzzle is still incomplete, and several
down-regulatory markers responsible for
metabolic homeostasis seem to be missing.

. The present study, as a unique survey,
provides novel experimental evidence that
implementation of combined training is
sufficient to suppress NLRP3 activation,
that reduce Caspase-1/ Interleukin-1B
and improves insulin sensitivity, while
adding scientific weight to the growing
recommendation for combined aerobic and
resistance exercise in clinical practice for
managing diabetes in human clinical trials.

Abstract |
Background:  Diabetic  Cardiomyopathy (DCM) is
connected to prolonged systemic glucose metabolism and/
or hyperinsulinemia-induced cardiac metaflammation. This
study aims to investigate the effects of combined endurance and
resistance training on the protein levels of nucleotide-binding
domain, leucine-rich—containing family, pyrin domain—
containing-3 (NLRP3), caspase-1, and interleukin -13 (IL-1p) in
the myocardium of male rats with type 2 diabetes.

Methods: In this experimental study, 24 male Wistar rats (8
weeks old, 260+20 g) were randomly divided into three groups:
(n=8/groups): Normal Control (NC), Diabetes Control (DC),
and Diabetes+Combined Training (DCT). After type 2 diabetes
induction, the training group performed the combined training
for 8 weeks, five sessions/week, in spring 2024 at AJA University
of Medical Sciences. Approximately 48 hours following the end
of the training protocol, blood samples and myocardium tissue
were taken for subsequent assessment of inflammatory and
biochemical markers. Group comparisons were achieved using
one-way ANOVA, followed by the Tukey post hoc test using
SPSS (version 22).

Results: Chronic implementation of combined training
significantly downregulated final weight (P=0.033), protein
levels of NLRP3, Caspase-1, and IL-1B (P=0.03, 0.001 and
0.019, respectively) in the cardiac tissue as well as modulation
the homeostatic model assessment for insulin resistance
(HOMA-IR: P=0.039) via attenuation of serum glucose and
insulin levels (P=0.032 and 0.07) of the training group compared
to the diabetic group.

Conclusion: ~ The modality of combined training
(endurance+resistance) can reduce the risk factors associated
with DCM in the myocardium of type 2 diabetic rats.
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Introduction

Diabetes has emerged as a severe danger to world health,' and
the number of individuals suffering from type 2 diabetes is quickly
growing.? Diabetic cardiomyopathy (DCM) is one of the leading
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causes of death in the diabetic population.®
DCM is distinguished by myocardial fibrosis, left
ventricular enlargement, and impaired systolic
and diastolic function of the left ventricle.
Diabetes-related metabolic alterations result in
increased inflammation, oxidative stress, and
diabetic complications such as DCM.* In myeloid
cells, inflammasomes are cytosolic multiprotein
molecular platforms that can detect damage-
associated molecular patterns (DAMPs) and
regulate the release of the proinflammatory
cytokine interleukin-1 (IL-1B) in response to
stress. Although the inflammasome is important
in the innate immune response and anti-infection
immune responses, it has been shown that
high inflammasome activity is associated with
some chronic inflammatory diseases, such as
Alzheimer’s, ulcerative colitis, arteriosclerosis,
and type 2 diabetes and its complications.®
The nucleotide-binding domain, leucine-rich—
containing family, pyrin domain—containing-3
(NLRP3) inflammasome is composed of a
sensor known as NLRP3, an adapter referred to
as ASC (or PYCARD), and an effector identified
as pro-caspase-1.° In this regard, Swanson and
colleagues. defined the NLRP3 inflammasome
as comprising a sensor (NLRP3), an adapter
(ASC; also known as PYCARD), and an effector
(pro-caspase-1). Overproduction of NLRP3
and subsequent activation of the NLRP3
inflammasome occur as a result of diabetes-
related elevations in both blood glucose and
inflammation. Upon inflammasome activation,
pro-caspase-1 is cleaved in an autocatalytic
process, Yyielding cleaved-caspase-1.% Pro-
IL-1B, IL-1B, and pro-IL-18 are converted to
IL-1 and IL-18 by caspase-1, leading to cardiac
injury.” Meanwhile, NLRP3 is strongly expressed
in cardiac cells; Inactivation of the NLRP3 gene
reduces the NLRP3 inflammasome, IL-1, and
the incidence of cardiomyopathy in rodents with
type 2 diabetes.®

Exercise is considered a non-invasive and
non-pharmacological approach to managing
diabetes and its side effects. According to the
American Diabetes Association (ADA) and
cardiovascular  rehabilitation  professionals,
diabetes patients are recommended to engage
in regular aerobic and resistance exercise.®
Resistance training improves muscular strength
and has a good impact on body composition,
including muscle mass. Endurance exercise
also improves cardiorespiratory fitness as well
as cardiometabolic variables. Given these
advantages, combined (endurance+resistance)
training is intended to synergize the benefits
of both forms of training. The combination of
endurance and resistance exercise can reduce
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the risk of cardiovascular disease (CVD).°
Evidence showed that endurance training
decreases the expression of NLRP3 protein in
the cardiac tissue of rats with a high-fat diet."® On
the other side, resistance training prevents the
activation ofthe NLRP3inflammasomeinadipose
tissue of high-fat diet rats." The combination of
endurance and resistance training significantly
lowered NLRP3 activity in peripheral blood
mononuclear cells (PBMC) of obese children."
Some studies investigated the effect of exercise
on the same variables of the present study in
adipose tissue and hippocampus; the results
revealed that exercise suppresses the activity of
the NLRP3 inflammasome and downregulatory
signaling pathways."® ' To the best of our
knowledge, no prior study has examined the
effects of combined (endurance+resistance)
training on cardiac tissue in type 2 diabetic rats.
Considering the synergistic effect of combined
training on reducing the risk of cardiovascular
disease,® the purpose of the present study is
to investigate the protective effect of combined
training on the cardiac tissue of type 2 diabetic
rats by affecting NLRP3, Caspase-1, and IL-1B
proteins levels.

Materials and Methods

Animal Model and Experimental Design

In this experimental study, 24 male Wistar
rats (8 weeks old, 260+£20 g) that were bred at
Karaj Medical University’s Center of Razi Animal
Institute were used in this work. The animals
were given unlimited access to food and drink
both before and during the experiment. Rats
were given a week to acclimate to the conditions
(24+1 °C, 45% to 55% humidity, 12:12 dark/
light cycle) and were given unrestricted access
to water and normal chow (which consists of
54% mixed carbohydrate, 19% protein, and 3%
lipid) when they were delivered to our animal
experiment laboratory. Three groups were
randomly selected from among the rats after
this time: Normal Control (NC), Diabetes Control
(DC), and Diabetes+Combined Training (DCT).

Ethical Approval

Animal care and ethical principles were
based on the Guide for the Care and Use of
Laboratory Animals approved by the Ethics
Committee of AJA University of Medical
Sciences [IR.AJAUMS.REC.1401.034] that was
conducted in spring 2024 at AJA University of
Medical Sciences.'

Induction of Type 2 Diabetes
The rats in the DC and DCT groups received
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a single dosage (120 mg/Kg) of nicotinamide
(Qualchems, New Zealand), plus STZ solution
(Sigma Aldrich, United States) diluted in sodium
citrate buffer (0.1 M, pH=4.5), and a dose of
60 mg/Kg animal weight was administered
intraperitoneally.”® 7 Blood glucose was
measured from the tail vein 72 hours later using
a glucometer (Aqua check, United States). Type
2 diabetes was diagnosed in animals with fasting
blood glucose levels of 126 mg/dL or higher.'®

Training Protocol and Load Measurements

Following diabetes induction and a week
of adaptation to treadmill running (10 min at a
speed of 5-10 m/min) and the resistance ladder
(10 repetitions with weights ranging from 5 to
30% of the rat’s body weight), the combined
training protocol consisted of alternate sessions
of endurance ftraining followed by resistance
training 5 days a week for 8 weeks. Every
training session comprised a 10-min warm-up
and cool-down, conducted at a speed of 10 m/
min on a 0% incline.

During the 8 weeks, endurance training was
conducted by running at a pace of 20 m/min
(~55-65% of Vo2max) for a total time of 20 min
and then progressively increasing to 30 m/min for
a total of 60 min in the last week." For resistance
training, rats underwent strength training by
ascending a ladder (2 cm grid, 110 cm, and 85°
incline) for 10 repetitions with weights ranging
from 80% of their maximal velocity concentric
contractions (MVCCs), attached to their tail."

Tissue Extraction and Blood Collection

Rats were extracted from their cages 48
hours after the final training session, provided
with unrestricted access to water, and deprived
of food for 2 to 3 hours before anesthesia for
the collection of tissue and blood samples. Rats
were anesthetized via intraperitoneal injection
with a combination of ketamine (80 mg/Kg) and
xylazine (10 mg/Kg), adjusted according to weight
(200-300 pL). Blood was promptly collected
from the abdominal vein or inferior vena cava,
and centrifuged at 2500 rpm for 15 min at 4 °C,
and plasma was stored at -20 °C until glucose
and insulin measurements. Myocardium tissue
was excised and immediately frozen with liquid
nitrogen and stored at -80 °C until processing for
western blot and biochemical analysis.

Western Blotting

The Bradford equation was used to calculate
total protein content. Approximately 10 mg of
myocardium tissue was ground with stainless
steel balls in a Mikro-Dismembrator S (Sartorius,
Goettingen, Germany) for 1 min.?® The tissue

was then homogenized in lysis buffer containing
500 pL Tris-HCL (PH 8), 0.08 g of NaCl, 0.003 g
EDTA, 0.025 g sodium deoxycholate, 0.01 g
SDS, 1 tablet protease inhibitor cocktail, and
10 pL of NP40 (1%) Triton (Merck, Darmstadt,
Germany). The lysate was centrifuged at
12,000xg at 4 °C for 15 min, and the supernatant
was separated. The supernatant was diluted
with electrophoresis loading buffer (0.6 mL Tris-
HCI, PH 6.8, 0.2 gr SDS, 2.5 mg glycerol, 0.5 mg
B-mercaptoethanol, and 0.01 mg bromophenol
blue) manufactured by Merck (Germany).
After verifying linearity, an identical amount of
protein (12 ug) was loaded into SDS-PAGE and
transferred to Immun-Blot PVDF membranes.
A total protein staining technique via Reactive
Brown (Honeywell, USA) was used to accurately
quantify the variability of the assays and ensure
optimal loading and transfer efficiency.?°
Membranes were blocked for 1 h in 4% bovine
serum albumin, washed in Tris-buffered
saline containing 0.1% Tween 20 (TBST), and
incubated with the following primary antibodies
in a 1:300 dilution (in TBST) of polyclonal mouse
Caspase (SC-392736) and polyclonal mouse
Anti-NLRP3 (AB-91413). B-Actin was used as
the house-keeping gene (1:2000 dilution with
TBST, sc-47778, Santa Cruz). After incubation
with primary antibodies, the membranes
were incubated with an HRP-conjugated anti-
mouse antibody (diluted 1:5000 to 1:20000
in 5% Blotto blocking buffer) and subsequent
chemiluminescent visualization using Clarity™
Western ECL Substrate (ECL, Amersham,
UK) with an enhanced chemiluminescence
detection kit that was visualized in an exposition
before saturation of the signal by x-ray film
(Fuji, Japan). Finally, band densitometric data
were quantified by densitometric analysis using
Image J 1.6.0. Since loading was homogeneous
in all membranes, no further corrections were
performed.

Eliza Aassessments

The enzyme-linked immunosorbent assay
(ELISA) method was used to determine
myocardium tissue IL-1B levels (Rat IL-1
beta/IL-1F2 Duo Set, Cat no: DY501), serum
glucose and lipid profile (Pars Azmon kit, Karaj,
Tehran), and insulin (ZellBio, Germany, Cat. No:
ZB-10707C-R96438).

Statistical Analysis

All data were presented as means+SEM. The
Shapiro-Wilk test was used to verify the normal
distribution of the data. Group comparisons
were achieved using one-way ANOVA,
followed by the Tukey post hoc test. Statistical
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significance was considered at P<0.05. The
statistical analysis was performed using SPSS
software for Windows (version 22, IBM SPSS
Inc., Chicago, USA).

The normality of data distribution was examined
using the Shapiro-Wilk test, which showed that
for all dependent variables in all three groups
(NC, DC, and DCT); the significance level was
greater than 0.05 (range from 0.066 to 0.99);
therefore, the assumption of normality is valid
for performing one-way analysis of variance.
The results of one-way analysis of
variance showed that there was a statistically
significant difference between the NC, DC,
and DCT groups in terms of all variables
studied, including glucose, insulin, HOMA-IR,
NLRP3, procaspase-1, cleaved caspase-1,
and interleukin-1B (P<0.001). In addition to the
significant values, the effect size (Partial Eta
squared) was calculated for each variable. Most
variables had very large effect sizes (n?P=0.80),
and the insulin variable also showed a large
effect size with n?P=0.460. Moreover, the largest
effect size was related to the glucose variable
(n?P=0.990) and the smallest was related to
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insulin (n?P=0.460) (table 1). The effect size
analysis showed that the proportion of variance
explained by the group factor was very high for
most variables (n? between 0.46 and 0.99).

Final Body Weight and Weight Changes

The results of 8 weeks of combined training
showed a significant difference in the final
weights of study subjects (P=0.033). Combined
training led to a slight increase in final weight in
the DC and DCT compared to baseline values,
but the NC group maintained normal weight gain
progression (table 2).

Serum Homeostatic Model Assessment for
Insulin Resistance (HOMA-IR) Index

HOMA-IR index and fasting serum glucose
levels in the DC group were higher than those in
the NC group (P=0.001 for both groups), indicating
that nicotine amid prevents STZ-induced B-cell
complete destruction in the late phase (8" week).
However, seruminsulinlevels were downregulated
compared to the NC group (P=0.032), which
is a milestone of B-cell exhaustion. Combined
training was able to reduce the HOMA-IR index
(P=0.039) through downregulation of glucose
(P=0.007) and improvement in insulin sensitivity
(P=0.21) (figure 1).

Table 1: Partial Eta squared of the study subjects

Source F P value Partial Eta squared
Glucose Group 995.90 0.001 0.99
Insulin Group 8.95 0.001 0.46
HOMA-IR Group 506.93 0.001 0.98
NLRP3 Group 42.33 0.001 0.80
Pro-caspase 1 Group 62.54 0.001 0.86
Cleaved caspase-1 Group 436.59 0.001 0.98
IL-18 Group 64.66 0.001 0.86
Table 2: Initial and final body weight of the study subjects

NC DC DCT P value

(n=8) (n=8) (n=8)
Initial weight (g) 249.2+6.01 250+10.35 258+6.51 0.26
Final weight (g) 337.2+8.30 286.8+9.30 319+5.172 0.033*

Data expressed as mean+SD; *Significant group difference at P<0.05 according to ANOVA. NC: Normal Control; DC: Diabetic
control; DCT: Diabetes+combined training. 2vs. the NC group; ?vs. the DC group (P<0.05).
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Figure 1: The chart displays the effects of type 2 diabetes and exercise on fasting blood insulin, glucose and homeostatic Model
Assessment for Insulin Resistance (HOMA-IR). Data expressed as mean+SD. NC: Normal control; DC: Diabetes control; DCT;
Diabetes+combined training. ®Intergroup significant difference versus the NC group; ®Versus the DC group
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Figure 2: The chart displays the effects of type 2 diabetes and exercise on nucleotide-binding domain, leucine-rich—containing
amily, pyrin domain—containing-3 (NLRP3), pro-caspase-1, cleaved-caspase-1, and an ELISA plot of interleukin-1(3. Data are]

shown as mean+SEM; *Significant group difference at P<0.05 and **at P<0.01. NC: Normal control; DC: Diabetes control; DCT;

Diabetes+combined training

NLRP3/Caspase-1, Pro-Caspase-1 Protein
Expression, and IL1B Elisa Levels

Protein densitometry analysis of heart tissue
showed that diabetes induction increased the
protein levels of NLRP3 (P=0.017), cleaved-
caspase-1 (P<0.001), and also ELISA levels of
IL-1B (P<0.001) in the DC group compared to the
NC group; and Pro-casp1 (P<0.001) decreased
compared to the NC group. Combined training
was able to modulate NLRP3 (P=0.03), Pro-
casp1 (P=0.002), cleaved-caspase-1 (P<0.001),
and IL-13 (P=0.019) in comparison to the
DC group. Additionally, combined training by
reducing the conversion of pro-caspase-1 to
cleaved-caspase-1 caused an increase in pro-
caspase-1 (P=0.002) compared to the DC group
(figure 2).

To our knowledge, this is the first study
that investigates the synergistic effects of
combined aerobic and resistance exercise
on the modulation of downstream cytokines
(interleukin-1B/caspase-1) and insulin resistance
in diabetic rats. The novel findings of the
present investigation demonstrate that type 2
diabetes elevates the levels of NLRP3, cleaved
caspase-1, and interleukin-1 beta in cardiac
tissue. The major effects of combined training
were through reduced serum glucose levels and

improved insulin sensitivity, finally interpreted
as modulated insulin resistance. The reduction
in cleaved caspase-1 through combined
training led to an increase in pro-caspase-1,
suggesting diminished activation of the NLRP3
inflammasome and decreased production of
active caspase-1.

Type 2 Diabetes Mellitus (T2DM) is linked
to elevated blood glucose levels and insulin
resistance.?' This study demonstrates that type
2 diabetes leads to increased insulin resistance,
a characteristic of T2DM, due to elevated
blood glucose levels and suppression of serum
insulin. This indicates that streptozotocin (STZ)
-induced damage results from the disruption of
pancreatic 3-cell function. In arat model of T2DM
induced by STZ and nicotinamide, insulin levels
demonstrate time-dependent variations, initially
presenting as hyperglycemia with partial insulin
deficiency. During this phase, STZ induces
partial B-cell destruction, whereas nicotinamide
protects some B-cells, resulting in moderate
insulin deficiency. Transient hyperglycemia
resulting from STZ toxicity and reduced insulin
secretion due to B-cell damage are two primary
indicators of this stage. In the initial phase of
T2DM induction, nicotinamide administration
leads to hypersecretion (hyperinsulinemia)
from surviving B-cells and facilitates pancreatic
recovery. Over weeks to months, late-stage
B-cell dysfunction occurs as insulin levels
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decline due to gradual B-cell failure and chronic
hyperglycemia, a phenomenon consistent with
our results. In the early stage of T2DM induction
via STZinjection, rats may exhibittransient weight
loss attributed to metabolic instability. Further
weight gain may occur because nicotinamide
partially protects B-cells from apoptosis, leading
to the development of insulin resistance (IR),
which subsequently results in hyperinsulinemia
and increased fat deposition, interpreted as
weight gain.?2 In parallel, a 15% and 30% weight
gain was observed in the DC and NC groups,
respectively, compared to baseline. Combined
training resulted in a 20% weight gain, primarily
attributed to a reduction in fat mass, an increase
in lean mass, and enhanced insulin sensitivity,
which facilitated improved glucose utilisation
rather than fat storage.

Endothelial dysfunction has been
demonstrated to significantly reduce nitric
oxide secretion from endothelial cells, which
is a key factor in the development of insulin
resistance. This occurs because insulin,
through its nitric oxide-dependent mechanism,
facilitates glucose uptake in skeletal muscle.
Combined  exercise = employing  various
mechanisms of action modulates insulin
resistance. Specifically, resistance exercise
utilising a shear stress mechanism activates
the enzyme eNOS, enhancing endothelial
function. This improvement subsequently
reduces vascular inflammatory factors, such as
iINOS, associated with the induction of insulin
resistance. The elevation of INOS resulting from
insulin resistance in the bloodstream leads to a
downregulation of the insulin receptor, including
IRS1 and IRS2, thereby inhibiting insulin binding
to its receptor. Previous research has indicated
a direct correlation between circulating iINOS
levels and heightened fat accumulation. Aerobic
exercise operates through three mechanisms:
(1) enhancing the activity of enzymes that
facilitate lipolysis, (2) elevating leptin levels,
which promotes satiety and reduces appetite,
and (3) boosting basal metabolic energy levels,
thereby activating hormone-sensitive lipase
(HSL) and the beta subunit of the AMPK peptide.
This activation increases lipid participation
in metabolic processes and improves body
composition.?®> According to Stanford and
Goodyear, endurance exercise enhances
skeletal muscle mitochondrial content, GLUT4
protein expression, glucose absorption, and
insulin sensitivity.® A review study examining
the impact of exercise on fasting blood glucose
levels revealed that, among five studies,
only one indicated a significant reduction in
fasting blood glucose levels as a result of
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exercise. In four additional studies, although
the fasting blood glucose levels in the exercise
intervention group decreased, this change
was not statistically significant.? The current
research indicated that the decrease in blood
glucose resulting from combined training was
not statistically significant. Insulin resistance is
associated with inflammation and increases the
incidence of cardiovascular disease in diabetic
patients. Exercise enhances insulin resistance
through increased glucose uptake and
consumption rates, while also reducing TNF-a
levels.?* Exercise enhances insulin resistance
by modulating the insulin action pathway via
ASK1.%5 The results of this study indicated that
combined training significantly decreased insulin
resistance compared to diabetes.

Glucose serves as a significant activator
of the NLRP3 inflammasome.?® Elevated ROS
production resulting from high glucose levels
can influence NF-kB phosphorylation and
TXNIP expression, thereby facilitating NLRP3
inflammasome activation.® The elevation of P2X7R
due to high glucose concentrations enhances
the activation of the NLRP3 inflammasome.?’
Research indicates that diabetic DCM correlates
with the activation of the NLRP3 inflammasome.”
A study indicated that inactivation of the NLRP3
gene after 8 weeks in diabetic rats reduced the
incidence of diabetic cardiomyopathy in type 2
diabetes mouse models.?® Targeting the NLRP3
inflammasome pathway, given its involvement in
diabetic cardiomyopathy (DCM), may effectively
reduce the risk of cardiac failure in diabetes. Given
the critical function of the NLRP3 inflammasome
in the progression of DCM, research has been
undertaken to examine the impact of drug
administration on this protein. The regulation of
the NLRP3 inflammasome facilitates this process.
A study demonstrated that inhibiting NLRP3
and MAPK inflammasome pathways in a type 2
diabetic mouse model by rosuvastatin resulted
in DCM reduction.® Dapagliflozin-mediated
inhibition of SGLT-2 has been demonstrated to
decrease ASC/NLRP3 inflammasome activation
and mitigate DCM in rats with type 2 diabetes
after an 8-week period.?® Gypenosides enhance
DCM by inhibiting the activation of the NLRP3
inflammasome mediated by ROS.*® Research
indicates that type 2 diabetes activates the NLRP3
inflammasome via multiple pathways, such as
elevated blood glucose levels and increased
production of reactive oxygen species (ROS).
This study found that type 2 diabetes elevated the
levels of NLRP3, caspase-1, and interleukin(IL)-13
proteins in the cardiac tissue of rats.

Exercise is a recommended intervention
for DCM, as it prevents cardiac inflammation,
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reverses structural changes in the heart, and
restores cardiac function.® Exercise influences
the signalling pathway of the NLRP3 complex.
Numerous studies examine the impact of
endurance training.’' There is a paucity of
research investigating the impact of combined
endurance and resistance training on the
signalling pathway of the NLRP3 complex.
Zaidi and colleagues demonstrated that a
year of combined endurance and resistance
training does not affect the activity of the
NLRP3 inflammasome in serum leukocytes
and adipose tissue of adults with T2DM and
coronary artery disease.*?> The research was
limited by the subjects’ use of platelet inhibitors
and anti-diabetic medications, which likely
influenced inflammatory factors and obscured
the potential effects of exercise training. Quiroga
and colleagues examined the impact of 12
weeks of combined endurance and resistance
training on NLRP3 inflammasome activation,
revealing a significant reduction in NLRP3
activity in peripheral blood mononuclear cells
(PBMC) of obese children.’? The current study
observed that the elevation of NLRP3 protein in
the cardiac tissue of rats with type 2 diabetes
was mitigated by combined training. Inhibiting
NLRP3 diminishes the activation of the NLRP3
inflammasome signalling pathway.?® Inhibition
of the NLRP3 inflammasome activity led to the
suppression of caspase-1 and the conversion
of pro-IL-1B to its active form.” Our findings
demonstrated that combined training mitigated
the elevation of caspase-1 and IL-13 proteins
induced by diabetes in the cardiac tissue of rats.

In line with our findings, Lee and colleagues®?
demonstrated that the elevation of NLRP3,
caspase-1, and IL-13 in the myocardium of obese
rats subjected to a high-fat diet was significantly
reduced following 12-14 weeks of voluntary
running. A separate study demonstrated that
a high-fat diet elevated cardiac expression
levels of P2X7R, NLRP3, caspase-1, and
serum IL-1B in rats. Twelve weeks of treadmill
running (from 5 m/min to 10 m/min, 1 hour/day,
7 days/week) significantly enhanced collagen
deposition and reduced cellular disruption while
inhibiting the expression of NLRP3, caspase-1,
P2X7R, and IL-1B in rat myocardium.® Kar
and colleagues demonstrated that a high-fat
diet induces the formation and activation of
the NLRP3 inflammasome in the left ventricle
of rats. Furthermore, a regimen of 20 weeks
of treadmill exercise (5 days per week at a
speed of 12-15 m/min for 50 min) mitigated the
regulation of NLRP3, ASC, pro-caspase-1, and
IL-1B associated with the high-fat diet and the
activation of caspase-1.3* The present study

differs from the aforementioned studies in terms
of the intervention aimed at increasing proteins
in the NLRP3 complex pathway, the training
protocol employed, and the duration of the
protocol. However, the results are consistent
and indicate that exercise influences the activity
of the NLRP3 inflammasome pathway in cardiac
tissue. Endurance exercise diminishesthe activity
of TXNIP/NLRP3 inflammasomes through a
reduction in the expression of endoplasmic
reticulum stress proteins.** The aforementioned
studies indicate that 12-20 weeks of endurance
exercise can decrease NLRP3, caspase-1, and
IL-1B proteins in cardiac tissue. However, our
study demonstrated that a shorter duration of
8 weeks of combined endurance-resistance
training also lowers these proteins in the cardiac
tissue of diabetic male rats.

The research conducted by Ma and
colleagues demonstrated that an 8-week
protocol of aerobic exercise (treadmill at 12
to 15 m/min, 1 hour daily, 5 days weekly)
regulates mitochondrial quality and alleviates
endoplasmic reticulum stress, thereby improving
cardiac hypertrophy via M2 AChR. Additionally,
it reduces the expression of NLRP3, caspase-1,
and IL-1B proteins in myocardial cells of rats
with  myocardial hypertrophy.?® Resistance
training (stair climbing, 3 times daily for 1 min
each interval, 5 days a week for 10 weeks)
has been found to have effects comparable to
those of endurance training (treadmill training
at 80% VO, max for 30 min daily, 5 days a
week for 10 weeks) in reducing NLRP3 mRNA
expression in the adipose tissue of rats on a
high-fat diet." This demonstrates the efficacy of
endurance and resistance training in reducing
NLRP3 inflammasome activity. Research
on the effects of resistance training remains
limited. The current study demonstrates that
integrating endurance and resistance training
reduces NLRP3 inflammasome activity. The
mechanisms by which exercise attenuates
NLRP3 inflammasome activation remain
incompletely understood. Previous research
indicates that aerobic exercise likely reduces
oxidative stress,®® endoplasmic reticulum
stress,* and P2X7R,° while also regulating
mitochondrial biogenesis quality. This regulation
plays a significant role in modulating the NLRP3
inflammasome and mitigating cardiac risks
associated with diabetes. Additional research in
this domain will enhance our comprehension of
the fundamental relationships among exercise,
inflammation, and DCM.

A major limitation of this study is the
lack of direct measurements of histological
assessments and/or oxidative stress markers.
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It is suggested that future studies investigate
the effects of exercise on upstream proteins
associated with this signaling pathway, in
addition to the effects of short-term and long-
term exercise on these factors in the cardiac
tissue of diabetic patients.

Conclusion

According to the results, it seems that the adverse
effect of type 2 diabetes on the increase of
NLRP3, caspase-1, and IL-1[3 proteins in cardiac
tissue can be modulated or downregulated by
combined training (endurance+resistance).
Considering the relationship between the
NLRP3 inflammasome signaling pathway
and DCM, it can be concluded that combined
endurance-resistance ftraining is effective in
reducing the key factors in the development of
DCM. Furthermore, it can be postulated that the
NLRP-3 inflammasome serves as an oxidative
stress biomarker that becomes elevated
during metaflammation, thereby representing a
potential therapeutic target in the prevention and
treatment of metabolic syndrome.
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