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ABSTRACT

EEE G e =M@ o] EIMIYES : High-Intensity Interval Training (HIIT) and plasma injection
from young rats are novel approaches for improving bone metabolism in aging. This study

aimed to investigate the effects of HIIT and plasma injection from young rats (both
exercised and non-exercised) on the morphology of bone cells (osteoblasts, osteoclasts,
and osteocytes) in aged male rats.

: This experimental study included 35 aged male Wistar rats (22
months old) which were divided into five groups: 1) HIIT, 2) plasma injection from
exercised young rats (PInt), 3) plasma injection from non-exercised young rats (PInC), 4)
saline placebo injection (Sham), and 5) control (Cont). The HIIT protocol was conducted
over 6 weeks, five sessions per week, consisting of 30-second intervals at 80-95% of
maximal speed followed by 60 seconds of rest at 50-60% of maximal speed. Plasma
collected from exercised and non-exercised young rats was injected intravenously. After
the intervention, femoral bone cell morphology was assessed using hematoxylin and
eosin staining.

HIIT significantly increased osteoblasts and decreased osteoclasts. A significant
increase in osteoblasts was observed in the PInt group, while the PInC group showed a
significant decrease in osteoclasts and an increase in osteocytes. No significant difference
was found between the HIIT and PInt groups. However, the effect of HIIT on osteoblasts
and osteoclasts was greater compared to the PInC group.

: HIIT and plasma injection from young rats (both exercised and non-
exercised) improved bone cell morphology in aged rats. These findings suggest that both
interventions may contribute to enhancing bone health.
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Introduction

Bone is a living and dynamic tissue that
plays a crucial role in mechanical support of
the body and maintaining systemic
homeostasis. With aging, a significant

reduction in bone mass occurs in both sexes, which, if
untreated, can lead to osteoporosis and an increased risk of
fractures. The balance between the activities of key bone
cells is essential for maintaining bone mass and strength.
However, this balance is disrupted during aging, resulting
in decreased bone-forming capacity. Physical activity,
especially  high-intensity interval training (HIIT),
stimulates bone anabolic processes by applying
mechanical stress and increasing biochemical factors,
which can help preserve or enhance bone density and
strength. Recently, the use of young blood plasma has
gained attention as a novel approach to slow aging and
improve organ function. Injection of plasma from young
animals into older ones has been shown to improve the
function of various tissues, including bone, likely by
enhancing osteoblastic differentiation and accelerating
bone regeneration. Considering the importance of blood
supply in bone tissue repair and the high prevalence of
osteoporosis among the elderly, investigating the
combined or comparative effects of HIIT and young rat
plasma injection on bone morphology in aged rats holds
significant value. This study aims to compare the effects of
plasma injection from young (trained or untrained) rats
versus high-intensity interval exercise on bone cells. The
findings could contribute to developing innovative, non-
pharmacological strategies for maintaining bone health
during aging.

Methods

This experimental study included 35 aged male
Wistar rats (20 to 24 months old) and 60 young
male rats (8 weeks old). The sample size was
determined using G*Power software assuming a
significance level of 0.05, a power of 0.8, five
groups, and an ANOVA analysis. To account for
potential dropouts, the number of aged rats was
increased to 35. The animals were housed under
controlled conditions with standardized light-dark
cycles, temperature, humidity, and free access to
food and water. Inclusion criteria for animals were
weight and strain similarity, physical and
physiological health, and no prior participation in
experiments. The study was performed in two
phases. In Phase One, the young rats were
randomly divided into two groups: one subjected to
high-intensity interval training (HIIT) and a control
group placed on a treadmill without exercise. After
the training period, blood samples were collected
from both groups, and plasma was separated and
stored for use in Phase Two, yielding plasma
derived from exercised young rats and plasma from
non-exercised young rats. In Phase Two, the 35
aged rats were randomly assigned to five groups:
1) HIT exercise group, 2) plasma injection from

exercised young rats (PInt), 3) plasma injection
from non-exercised young rats (PInc), 4) saline
injection control (Sham), and 5) sedentary control
(Cont). Plasma or saline was injected intravenously
via the lateral tail vein at 2 ml/kg body weight, 14
times over six weeks (2-3 injections per week).
Prior to exercise, the aged rats were acclimated to
the treadmill for 10 days, and their maximal
running speed was determined through incremental
speed tests until fatigue. The HIIT protocol lasted
six weeks with five sessions per week, consisting
of 30-second high-intensity intervals (80-95% of
maximal speed) interspersed with one-minute
active rest periods (50-60% of maximal speed),
progressively increasing in intensity and
repetitions. Twenty-four hours after the last
injection or exercise session, the rats were
anesthetized, and right femur bones were harvested
and fixed for histological analysis. Tissue sections
were prepared and stained with hematoxylin and
eosin. Histomorphometric analysis was performed
under 100x magnification, measuring trabecular
thickness, growth plate layers, and counting
osteoblasts, osteoclasts, and osteocytes using
Image]J software. Statistical analysis was
conducted using ANCOVA and Bonferroni post
hoc tests in SPSS wversion 26, setting the
significance level at p < 0.05. This methodology
allowed evaluation of the effects of HIIT and
young plasma injections on bone morphology in
aged rats.

Results

The results of the univariate analysis of variance showed
significant differences among groups in terms of the levels
of osteoblasts (F=16.84, P=0.001), osteoclasts (F=6.09,
P=0.001), and osteocytes (F=10.19, P=0.001). The
osteoblast count in the HIIT group was significantly higher
compared to the PInc (P=0.001), Sham (P=0.001), and Cont
(P=0.001) groups. Similarly, the PInt group showed a
significant increase compared to the PInc (P=0.008) and
Sham (P=0.003) groups. No significant differences were
observed in other pairwise comparisons (Figure 1).
Regarding osteoclast changes, results indicated that the HIIT
(P=0.001), PInc (P=0.044), PInt (P=0.020), and Sham
(P=0.012) groups had significantly lower levels compared to
the Cont group. No significant differences were found in
other pairwise comparisons (Figure 2). Osteocyte changes
revealed several significant increases. Both the PlInc and
Sham groups had significantly higher osteocyte counts than
the HIT group (P=0.001 and P=0.003, respectively).
Moreover, the PInc group also showed a significant increase
over the Cont group (P=0.001), as did the Sham group
(P=0.013). No significant differences were noted in other
pairwise comparisons (Figure 3).
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Conclusion

The results of the study showed that high-intensity
interval training (HIIT) and injection of plasma from young
rats, especially plasma from exercised young rats, have
significant positive effects on bone regeneration in aged rats.
HIIT improved cellular indicators related to bone health by
increasing the number of osteoblasts and osteocytes and
decreasing osteoclasts. Additionally, injection of young
plasma, particularly from exercised animals, could mimic
some of these effects, likely due to the transfer of bioactive
factors induced by exercise. Therefore, both HIIT and
injection of plasma from young rats, especially exercised
ones, can be considered effective interventions for
improving bone health during aging. The transfer of
exercise-induced factors through plasma offers a novel
avenue in biological therapies for age-related bone density
disorders.
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