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Objective: The aim of the present study is to investigate the effect of high-intensity interval
training (HIIT) on serum levels of protein-D surfactant (SPD) and insulin resistance index in
healthy and type 2 diabetic rats.

Methods: In this experimental study, Forty- six mature male Albino Wistar rats whit
weighing 241.92+23.03 gr, were randomly divided into four groups: healthy control, diabetic
control, diabetic HIIT, and healthy HIIT. For the induction of diabetes, intraperitoneal
injection of nicotinamide solution (120 mg/kg) and STZ solution (65 mg/kg). HIIT protocol
was performed for 10 weeks, and animals were dissected 24 hours after the last session, and
the blood serum of rats was collected for analysis. Data were analyzed using one-way
ANOVA and LSD’s Post Hoc test at 0.05%.

Results: HIIT caused a significant decrease in blood glucose in the diabetic HIIT group
compared to the diabetic control group (P=0.00). Serum levels of protein-D surfactant (SPD)
in the diabetic control group significantly decreased (P=0.01), and the insulin resistance index
(P=0.00) was significantly higher than that of healthy controls. 10 weeks of HIIT training
significantly increased SPD (p=0.00) in the diabetic HIIT group compared to the diabetic
control group. Also, HIT significantly decreased insulin resistance index (p= 0.00) and
insulin (p=0.00) in the diabetic HIIT group compared to the diabetic control group.
Conclusion: It seems that HIIT training by increasing the levels of serum SPD improve
insulin resistance index in type 2 diabetic rats.
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Extended Abstract

Introduction

The global rise in urbanization and sedentary
lifestyles has precipitated an epidemic of
obesity, a primary risk factor for a spectrum
of metabolic disorders, most notably type 2
diabetes mellitus (T2DM). Characterized by
chronic hyperglycemia resulting from insulin
resistance and impaired insulin secretion,
T2DM represents a formidable public health
challenge  with escalating prevalence
worldwide. Beyond its classical metabolic
disturbances, T2DM is increasingly
recognized as a condition of low-grade
systemic inflammation, implicating the
activation of the innate immune system in its
pathogenesis. Surfactant Protein-D (SPD), a
key component of the pulmonary innate
immune defense, plays a crucial role in
modulating inflammation, combating
pathogens, and resolving immune responses
within the lung. Interestingly, SPD is also
detectable in systemic circulation, and
emerging evidence suggests it may function
as a significant intersection point linking
metabolic and inflammatory pathways.
Clinical observations indicate that circulating
SPD levels are inversely correlated with
obesity, insulin resistance, and T2DM,
positing it as a potential biomarker and
modulator of metabolic health. Concurrently,
physical exercise, particularly high-intensity
interval training (HIIT), has gained
prominence as a potent, time-efficient non-
pharmacological intervention for improving
glycemic control and insulin sensitivity in
T2DM. HIIT involves brief, repeated bursts
of vigorous activity interspersed with periods
of rest or low-intensity exercise, often
yielding superior or comparable metabolic
benefits to traditional moderate-intensity
continuous training in a shorter time frame.
However, the mechanistic pathways through
which HIIT exerts its benefits, particularly

concerning systemic inflammatory
modulators like SPD, remain incompletely
understood. This study, therefore, aimed to
investigate the comparative effects of a ten-
week HIIT regimen on serum SPD levels and
insulin resistance indices in both healthy and
type 2 diabetic rat models, seeking to
elucidate a potential link between exercise-
induced metabolic improvement and this
innate  immune protein. The primary
objective of this experimental study was to
determine and compare the effects of ten
weeks of high-intensity interval training on
serum levels of Surfactant Protein-D (SPD),
fasting insulin, and the Homeostatic Model
Assessment of Insulin Resistance (HOMA-
IR) index in healthy male rats and those with
chemically induced type 2 diabetes.
Methods

This experimental laboratory study utilized
forty-six adult male Albino Wistar rats, with
an average initial weight of 241.92 + 23.03
grams. The animals were randomly assigned
into four groups: a healthy sedentary control
group (HC, n=10), a diabetic sedentary
control group (DC, n=11), a diabetic group
undergoing HIT (D-HIT, n=12), and a
healthy group undergoing HIT (H-HIIT,
n=12). Type 2 diabetes was induced in the
DC and D-HIIT groups via a single
intraperitoneal injection of nicotinamide (120
mg/kg), followed 15 minutes later by
streptozotocin (STZ, 65 mg/kg) dissolved in
citrate buffer. One week post-injection, rats
with fasting blood glucose levels exceeding
250 mg/dL were confirmed as diabetic.
Healthy control and H-HIIT rats received an
equivalent volume of normal saline. The
HIIT protocol was conducted on a 5-lane
rodent treadmill over ten weeks, with six
sessions per week. The program was divided
into adaptation, overload, and maintenance
phases. The overload and maintenanee



phases consisted of two distinct session
types: on odd days, rats performed intervals
of running at 40 m/min for 3 minutes, and on
even days, they performed intervals at 54
m/min for 30 seconds. The number of
intervals increased progressively during the
overload phase (weeks 2-4) and was then
maintained for the remaining six weeks.
Active recovery (16 m/min) was provided
between intervals. Each session included a 5-
minute warm-up and cool-down at 16 m/min.
Twenty-four hours after the final training
session, all rats were anesthetized with
chloroform, and blood samples were
collected via cardiac puncture. Serum was
separated by centrifugation and stored at -
70°C. Serum SPD and insulin concentrations
were quantified using specific rat enzyme-
linked immunosorbent assay (ELISA) Kits.
The HOMA-IR index was calculated using
the formula: [fasting insulin (pIU/mL) x
fasting glucose (mg/dL)] / 405. Statistical
analysis was performed using SPSS version
22. After confirming normality and
homogeneity of variances, one-way analysis
of variance (ANOVA) followed by the LSD
post-hoc test was used for between-group
comparisons, with statistical significance set
at p <0.05.

Results

The findings revealed distinct metabolic and
biochemical responses to HIIT based on
diabetic status. As expected, the diabetic
control (DC) group exhibited significantly
higher fasting blood glucose compared to the
healthy control (HC) group. Following the
ten-week intervention, the D-HIIT group
showed a significant reduction in fasting
blood glucose compared to the DC group,
whereas no significant change was observed
in the H-HIIT group compared to the HC
group. Analysis of serum biomarkers showed
that basal SPD levels were significantly
lower in the DC group than in the HC group.
Conversely, the HOMA-IR index and fasting

insulin levels were significantly elevated in
the DC group compared to the HC group,
confirming a state of insulin resistance. The
HIIT intervention elicited significant
beneficial changes specifically in the diabetic
animals. The D-HIIT group demonstrated a
significant increase in serum SPD levels
compared to the DC group. Concurrently, the
D-HIT group exhibited a significant
decrease in both fasting insulin levels and the
HOMA-IR index compared to the diabetic
controls. In stark contrast, the ten-week HIIT
protocol did not induce any significant
alterations in serum SPD, fasting insulin, or
HOMA-IR in the healthy trained (H-HIIT)
rats compared to the healthy sedentary (HC)
controls. Body weight, while showing some
variation, did not present a consistent pattern
of significant change across all groups
directly attributable to the exercise
intervention alone.

Conclusion

The results of this study demonstrate that ten
weeks of high-intensity interval training
exerts a potent, condition-specific effect,
significantly improving glycemic and insulin
resistance parameters in a rat model of type 2
diabetes. This improvement was paralleled
by a significant elevation in serum levels of
Surfactant Protein-D, a protein previously
found to be deficient in diabetic states. The
finding that HIIT increased SPD levels and
improved insulin sensitivity (lower HOMA-
IR and insulin) in diabetic rats, but not in
healthy rats, suggests that the training may
act by correcting an underlying pathological
deficit rather than by simply augmenting
normal physiology. This supports the
hypothesis that SPD may be a relevant player
in the exercise-induced amelioration of
metabolic dysfunction in T2DM, potentially
through modulating systemic inflammation
linked to insulin resistance. The data posit
SPD not only as a biomarker of metabolic
health but also as a potential mediator in the



beneficial effects of high-intensity exercise
on diabetic pathology. Consequently, HIIT
presents as a highly effective and time-
efficient therapeutic strategy for managing
T2DM, with its benefits potentially mediated
in part through the restoration of innate
immune factors like SPD. Further research is
warranted to elucidate the precise molecular
mechanisms  connecting  HIIT, SPD
expression, and insulin signaling pathways in
adipose, muscular, and pulmonary tissues.

Keywords: Protein-D Surfactant, Insulin
Resistance Index, High Intensity Interval
Training, Diabetic
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