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History Background: Spleen plays a role in the human immune system as well as in recycling

Received: 10 May 2022 and filtering blood. The aging spleen is associated with fibrosis and impaired immune

Accepted: 28 Jul 2022 system, increasing individual vulnerability to getting infections. Regular physical

Available: 31 Aug 2022 activity is essential to maintain and enhance body fitness, endurance, and immune
system.
Obijective: This study aimed to investigate the effects of mild and moderate-intensity
treadmill exercise on the aging spleen by examining fibrosis and the number of
macrophages in d-Galactose-induced aging rat models.
Methods: Twenty-four male Wistar rats were randomly divided into four groups: G1
(control group), G2 (d-Galactose, no exercise), G3 (d-Galactose, low-intensity
exercise), and G4 (d-Galactose, moderate-intensity exercise). d-Galactose was
administered intraperitoneally on day O and treadmill exercise was given for four
weeks following the modified Brown et al. (2007) protocol. Spleens were
histologically processed and stained for picrosirius red and against CD68+ antibody.
Percentage of fibrosis fraction area and macrophage cell count were obtained using
ImageJ, and the data were analyzed statistically using SPSS software.
Results: The aging spleen did not show any differences in weight, length, and width
among groups (P > 0.05). The administration of d-Galactose in rats causes fibrosis and
an increased number of macrophages. Low and moderate-intensity treadmill exercise
could not lower the percentages of fibrosis fraction area. However, the moderate-
intensity treadmill exercise was effective in lowering macrophage number.
Conclusion: Moderate-intensity treadmill exercise was effective in lowering
macrophage cell count in the aging rat spleen induced by d-Galactose.
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INTRODUCTION

Aging can be defined as a natural declining process
of the physiological affecting all organs in organisms,
including the spleen.! Spleen, an important organ in the
human immune system, consists of the supporting
stroma and the functional parenchyma. The parenchyma
can be divided into the T-cell and B-cell containing
white pulps and the macrophage-rich red pulps.? The
aging spleen showed a reduced number of lymphocytes,
total T helper, T cytotoxic cells, and B cells.! Aging also
increases pro-inflammatory cytokine production and the
number of macrophages as the defense immune

response.® In the aging spleen, changes in both stroma
and parenchyma have been reported, including a lower
number of lymphocytes, fewer germinal centers, and an
increased number of macrophages and fibroblasts in the
reticular connective tissue, leading to fibrosis.#> Other
than aging, infection, radiation, and toxic substances
might also lead to fibrosis.®
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The presence of fibrosis in the spleen can be an
indicator of the aging process which is triggered by
inflammatory reactions.® Fibrosis is a pathological
condition defined by the accumulation of extracellular
matrix (ECM) components. Fibrosis often emerges in the
red pulp of the parenchymal spleen and extends to the
white pulp in more severe cases. Physical activity is
known to be able to gradually decrease the production of
inflammatory cytokines and ROS, leading to reduced
synthesis of extracellular matrix by fibroblasts. It can
also inhibit the differentiation of fibroblast to
myofibroblast  activation, eventually  preventing
fibrosis.”

The intensity of physical activity can be categorized
into light, moderate, and vigorous activities. Moderate
and vigorous physical activities are recommended for
adults between 18-65 years old to obtain personal
fitness, prevent unhealthy weight gain and chronic
diseases, as well as stabilize body metabolism to slow
down the aging process.® Moderate physical activity also
reduces the risk of infection compared with a sedentary
lifestyle, but prolonged physical activity can also
increase the infection risk.® Collectively, regular
physical activity is very essential to maintain and
enhance body fitness, endurance, and immune system.*°
Knowing the benefits of physical activity on the immune
system, we aimed to study the effects of mild and
moderate-intensity treadmill exercise on the aging
spleen by examining the fibrosis fraction area and the
number of macrophages in d-Galactose-induced aging
rat models.

MATERIALS AND METHODS
Research Design

This study was a posttest-only control group design.
The study used 3-month-old male Wistar rats
administered with D-galactose to promote aging. Some
of the rats were then given a 4-week low and moderate
treadmill exercise conducted at the Physiology
Department, Faculty of Medicine, Public Health, and
Nursing (FK-KMK), Universitas Gadjah Mada (UGM).
The spleen samples were processed at Anatomy
Department, FK-KMK UGM.

Ethical Clearance

The experimental procedures were approved by the
Ethics Committee of the Integrated Research and
Testing Laboratory (LPPT), Universitas Gadjah Mada
(reference number: 00055/04/LPPT/V1/2017).

Study Subjects

Twenty-four male Wistar rats weighing between
200-300g were obtained from the Department of
Pharmacology and Therapy, Faculty of Medicine, Public
Health and Nursing (FK-KMK), Universitas Gadjah
Mada (UGM), Faculty of Pharmacy UGM, and
Universitas Islam Indonesia. Before the experiment, the
rats underwent acclimatization for seven days. They
were kept at room temperature with a light-dark cycle
(12/12 h). Food and water were available ad libitum. The
rats were randomly divided into four groups.
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Figure 1. The Percentage of Fibrosis in All
Groups. *Statistically significant (P < 0.005)
compared to G1.

Sample Size Determination

The sample size was determined withthe E=N - T
formula, with E being a constant/fixed value of 10-20, N
is the number of rats in each group times the number of
treatment groups, and T is the number of treatment
groups. In this experiment, there were four treatment
groups. Assuming there were six rats per group, we
obtained the E of 20, which was still within the constant
range. Therefore, we used twenty-four rats for this
experiment. They were randomly divided into four
groups: G1 (control group), G2 (administered with d-
Galactose, no exercise regimen), G3 (administered
with d-Galactose, low-intensity treadmill exercise), and
G4 (administered with d-Galactose, moderate-intensity
treadmill exercise).™

Intervention

A dose of 300 mg/kgBW d-Galactose in 0.9% NaCl
(Tokyo Chemical Industries, Japan) was administered
daily to G2, G3, and G4 for 4 weeks. The d-Galactose
injected rats were adapted to the treadmill apparatus
(Gama Tread version 2010, FK-KMK UGM) at the
slowest speed (11 m/min) with 0° slope for 3-7 days
following the modified Brown et al. (2007) protocol.?
The six rats showing unwillingness to run were included
in the G2 group while the rest were divided into G3 and
G4. The rats in G3 and G4 were then given another
exercise to measure the maximum running speed of each
rat which was needed to estimate the VO2max index with
the following formula:

VO2maxIndex= [maximum speed (m/min)] x
[slope (%) x100] x [BW (kg)].

A slope of 0° equals 1 in the formula. The rats in G3 and
G4 were given treadmill exercise four times a week for
four weeks. Each treadmill exercise was conducted at 0°
slope and started with five minutes of warming-up (20%
of individual VO2max Index), 20 minutes of the main
exercise with low-intensity treadmill exercise (45% of
individual VO2max Index) for G3 and moderate-
intensity treadmill exercise (55% of individual VO2max
Index) for G4, continued with 5 minutes of cooling down
(20% of individual VO2max Index).
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Spleen Measurements

The weight, length, and width measurements of the
spleens from each rat were conducted after the four-
week intervention. The weights were measured using a
digital weight scale measuring to 0.01g while the length
and width of the spleens were measured using a vernier
caliper with a least count of 0.01cm.

Laboratory Analysis

The spleens were collected after the four-week
intervention. Ketamine HCI 40 mg/kgBW (PT Guardian
Pharmatama, Jakarta, Indonesia) was used to anesthetize
the rats. The rats were then euthanized, and their spleens
were collected. The spleens were stored in 10% neutral
buffered formalin and then processed using paraffin
methods for further histological examination. The
histological slides were stained with a combination of
Weigert’s hematoxylin and picrosirius red for fibrosis
observation and CD68 antibody (Abcam Ab955) for the
immuno-histological observation of splenic
macrophages. From each histological slide, 10 random
fields of view were examined using a light microscope
with the magnifications of 40x for the picrosirius red-
stained slides and 400x for the immune-histological
slides with CD68 marker. The random fields of view
were then photographed using Optilab, and the images
were analyzed using ImageJ software to determine the
percentage of fibrosis fraction area, especially in the
capsular and subcapsular area, and macrophage cell
count.

Statistical Analysis

The data were analyzed statistically using SPSS
software. The Shapiro-Wilk test showed that the data
were normally distributed, therefore One-way ANOVA
was used to analyze the difference between groups,
followed by Tamhane and Bonferroni post-hoc tests.

RESULTS
Spleen Measurements

Table 1 shows the results of spleen measurements,
covering the weight, length, and width of the organ. The
data showed that there were no differences in spleen size
among all groups (P > 0.05), indicating that treadmill
exercise and the administration of d-Galactose did not
affect the size of the spleen.

Percentage of Fibrosis

Figure 1 shows the percentages of fibrosis in all
groups. The groups with d-Galactose administration
showed significantly higher percentages of fibrosis than
the control group (G1) with P values of 0.027 (G1:G2),

0.022 (G1:G3), and 0.002 (G1:G4). G3 and G4 were not
significantly different from G2, however, G3 and G4
showed lower percentages of fibrosis than G2 as seen in
Figure 1. It indicates that low and moderate-intensity
treadmill exercises for four weeks were not sufficient to
significantly lower the percentage of spleen fibrosis. The
data shown in Figure 1 were also supported by the
histological imaging presented in Figure 2. In G2, G3,
and G4, more collagen fibers were seen mostly in the
peripheral part of the spleen, close to the spleen capsule
as indicated by the bracket. The picrosirius red staining
dyed the collagen fibers red.

Figure 2. Histological Imaging of the Spleen. A: G1, B:
G2, C: G3, and D: G4; 1: spleen capsule; [: area with visible
fibrosis; 40x magnification
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Figure 3. Spleen Macrophage Cell Count in All Groups.
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*Statistically significant (P < 0.005) compared to G1.

Table 1. Spleen Measurements (Weight, Length, and Width) among Groups

Group n Weight (g) Length (cm) Width (cm)
Gl 6 911.08+112.64 4.03+0.18 1.05+0.05
G2 6 860.25+240.55 3.9+0.32 0.98+0.11
G3 6 1133.16+329.57 4.01+0.36 1.1+0.1
G4 6 901.92+210.33 3.6+0.28 1.1+0.12

P value 0.215 0.164 0.197
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Figure 4. The immuno-histological imaging of the spleens
from all groups. A: G1, B: G2, C: G3, and D: G4; —:

lymphocytes; —: macrophages; 400x magnification
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Macrophage Cell Count

The macrophage cell count results show that G2 (P =
0.009) and G3 (P = 0.017) had higher macrophage cell
counts compared to the control group as presented in
Figure 3. The number of macrophages in G4 was higher
than in G1 but it did not show any significant difference,
showing that moderate-intensity treadmill exercise could
lower the spleen macrophage cell count in d-Galactose-
induced aging rats. The immune-histological imaging
also showed a similar pattern, where CD68 macrophages
(brown-stained cells) were more densely observed in G2
and G3 than in G1 and G4 as shown in Figure 4.

DISCUSSION

Aging induction using d-Galactose administration
caused the spleen to show aging markers such as
increased fibrosis and number of macrophages, without
any changes in weight, length, or width of the organ. The
low and moderate-intensity treadmill exercise given to
aging rats for four weeks could not significantly lower
the fibrosis fraction area. However, the moderate-
intensity treadmill exercise was able to reduce the
number of macrophages in the aging spleen.

In this study, the aging spleen did not show any
different measurements among groups. This might have
been due to the preservation of spleen samples in neutral
buffered formalin before the measurements were taken.
The preservation could change the shape and
consistency of the spleens, therefore affecting the gross
morphometry of the spleen.

Aging is related to the pathophysiological processes
in organisms that lead to health complications, diseases,
and the decline of memory, mobility, and cardiac
function.® d-Galactose is a reducing sugar that can be
found in daily food intakes such as honey, cherries,
yogurt, butter, and many more with a concentration of
less than 10 mg/dL. It has also been reported that
exogenous d-Galactose can induce aging in several
organs including the spleen by increasing oxidative
stress, apoptosis, and inflammation.** This was in
accordance with our results where all d-Galactose
induced rats showed higher percentages of fibrosis
fraction area and macrophage cell count.

In this study, the physical activities given to the
animal models were unable to significantly decrease the
percentage of fibrosis fraction area. However, the data
showed reduced percentages of fibrosis in both light and
moderate-intensity treadmill exercise groups. Physical
activity can prevent fibrosis by reducing extracellular
matrix synthesis and inhibiting the activation of
fibroblast-to-myofibroblast transition.” Even though
physical activity reduces fibrosis, the spleen cannot
completely return to its normal condition because of its
limited ability to regenerate immunologically. Spleen
fragment appears to be able to regenerate functionally
and histologically, but it remains unclear whether it can
fully regenerate the immune competence.®

Fibrosis in the spleen is characterized by changes in
stiffness and coloration, as well as an increased amount
of collagen and fibroblast that can be seen in both
capsular and parenchymal areas. ® Spleen capsular
fibrosis was reported to develop before the fibrosis in the
red pulp which might be caused by the more abundant
connective tissue containing fibroblasts in the capsule
area as seen in Figure 2.5 The fibrosis process in the
splenic capsule is also affected by various factors
including inflammatory processes, toxins, and neoplasm.
The intraperitoneal administration of d-Galactose in this
study promoted the inflammatory process in the splenic
capsule, causing capsular fibrosis. Local fibrosis in the
spleen commonly occurs in the capsular and trabecular
areas where collagen fibers are abundant, while
parenchymal fibrosis is primarily found in the capsule
and perisinusoidal parts of the red pulps, and can
extensively spread to the white pulp in more severe
fibrosis.!"18

The aging spleen is also characterized by an increased
number of macrophages as the pro-inflammatory agents
of the organ. Macrophages that can be found in red,
white, and marginal zones of the spleen will protect the
body against exogenous pathogens.**%% Macrophages in
both red and white pulps were reported to express CD68
marker. The CD68+ macrophages show M1 macrophage
characteristics. M1 was found to be more associated with
fibrous capsule formation than M2. However, both M1
and M2 were involved in fibrosis through the
macrophage-fibroblast crosstalk in vitro.1%2%22

There are many cytokines involved in the activation
of macrophages through various pathways. In some
cases, Interferon Gamma (IFN-y), low molecular weight
hyaluronic acids (LMWHA), and lipopolysaccharides
(LPS) activate macrophages through classical activation
of macrophages (CAMs), characterized by increased
reactive oxygen. Interleukin 4 (IL-4) and IL-13 activate
macrophages through alternative activation  of
macrophages (AAMs) which is characterized by the
production of polyamines, leading to the activation of
myofibroblast and resulting in fibrosis.”

The moderate-intensity treadmill exercise given in
this experiment was more effective in reducing
macrophage infiltration. In line with that, Jun et al.
(2014) also reported that moderate-intensity exercise
reduced the marker of macrophage infiltration in
ovariectomized rats more than low-intensity exercise.
Moderate-intensity exercise can reduce proinflammatory
cytokine production.?®
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Physical activity has many ways to decrease the
inflammatory response of the body and inhibits the aging
process. Physical activity directly affects inflammation
by reducing IFN-y which is produced by Thl, natural
killer (NK) cells, CD4+, and T lymphocytes.?* IFN-y is
an important cytokine for both innate and adaptive
immune systems against pathogens like bacteria and
viruses. Lower IFN-y is associated with a temporary
decrease in T1-mediated immunity, low peripheral
CD8+ and T lymphocytes, as well as an increase in anti-
inflammatory response.?>%

The neuroendocrine system also plays role in
regulating body homeostasis during exercise. Acute
exercise affects the neuroendocrine system via hormonal
responses such as catecholamine, cortisol-estradiol, and
testosterone (in men) to improve the immune system.
There are various neuroendocrine pathways related to
the body’s immune system, for example, Hypothalamic-
Pituitary-Adrenal (HPA) Axis, Sympathetic Nervous
System (SNS), Estradiol, and Testosterone hormones.?’
The HPA axis triggers the anterior pituitary to produce
adrenocorticotropic hormone (ACTH) leading to the
synthesis of glucocorticoid by the adrenal gland.?®
Exercise also causes motor center and afferent impulses
to release some hypothalamic-releasing factors that will
increase the secretion of ACTH.?° Glucocorticoid,
especially cortisol, is known to affect immunological
processes by suppressing inflammation.%®3! Other than
that, increased SNS activity also initiates the release of
catecholamine (adrenaline and noradrenaline), which is
known as a down-regulator of lipopolysaccharides
(LPS).2°

This study has some limitations. The fibrosis
and macrophage data presented in the Results section
showed down-trend patterns when given low and
moderate-intensity treadmill exercise. However, the
decreases were not significant, except for macrophage
cell count in aging rats given moderate-intensity
training. This might be due to the limited duration of the
exercise given which was only four weeks. For future
studies, a longer duration of the exercise should be
considered to see the longer-term effects of low and
moderate-intensity treadmill exercise, as well studying
the effects of the given exercise in other organs. The
results of this and future studies can later be used to
formulate a training regimen for the elderly to lessen
their risks of having fibrosis and inflammation in their
visceral organs.

CONCLUSION

The administration of d-Galactose in rats caused
fibrosis and an increased number of macrophages in the
spleen. Low and moderate-intensity treadmill exercise
for four weeks could not lower the percentages of
fibrosis fraction area. However, the moderate-intensity
treadmill exercise was effective in lowering the number
of CD68+ macrophages in the aging rat spleen.
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