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Introduction: Lymphatic vessels contribute to tissue homeostasis. Although the
lymphatic vessels in skeletal muscle are known to undergo structural changes
under certain conditions, such as atrophy and injury, efects of exercise on
intramuscular lymphatic vessels remain unclear.

Methods: This study was aimed at investigating whether 8 weeks of
voluntary wheel running (VWR) induces histological changes in lymphatic
and blood capillaries, and whether these responses are related to age
and myofber type. Young (3-month-old) and aged (18-month-old)
male C57BL/6 mice were assigned to sedentary or VWR groups. The
soleus (SOL; slow-twitch) and plantaris (PLAN; fast-twitch) muscles were
analyzed using immunohistochemistry and quantitative polymerase chain
reaction.

Results: In young mice, VWR increased the quantity of type | myofbers and
signifcantly enhanced the density of lymphatic vessels and blood capillaries
in the SOL, besides upregulating the expression of vascular endothelial growth
factors, VEGF-C and VEGF-D. These changes were not observed in aged mice
or in the PLAN of mice in either age group.

Discussion: Although aged mice showed a similar increase in the quantity of
type | myofbers, they did not exhibit corresponding vascular remodeling, which
suggests that aging reduces responsiveness to exercise-induced angiogenic and
lymphangiogenic signals. Overall, these fndings indicate that VWR promotes
lymphangiogenesis and angiogenesis in slow-twitch muscle in young mice,
probably as an adaptive response to meet the increased oxygen demand.
Exercise-induced vascular and lymphatic remodeling in skeletal muscle is
signifcantly infuenced by age and myofber type, highlighting a reduced
adaptive capacity of aged muscle that may impact strategies for promoting
vascular health through physical activity.
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1 Introduction
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2 Materials and methods
2.1 Animals
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2.2 Voluntary wheel running protocol
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2.3 Muscle sampling
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2.4 Histological and immunohistochemical
analyses
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2.5 Real-time reverse transcription PCR
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2.6 Statistical analysis
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3 Results

3.1 Running performance and physical
parameters
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TABLE 1 Comparison of running performance and physical parameters in diferent groups.
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3.2 Histological changes in muscle
morphology
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3.3 Changes in myofber type composition
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3.4 Changes in the lymphatic vessels and
blood capillaries
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FIGURE 1
(A) Representative hematoxylin and eosin (H&E)-stained images of the soleus muscle. Enlarged views of the regions outlined by white boxes are also
shown. (B) Quantifcation of the whole cross-sectional area of the soleus muscle. (C) Quantifcation of the myofber cross-sectional area of the soleus
muscle. (D) Representative H&E-stained images of the plantaris muscle. Enlarged views of the regions outlined by white boxes are also shown. (E)
Quantifcation of the whole cross-sectional area of the plantaris muscle. (F) Quantifcation of the myofber cross-sectional area of the plantaris muscle.
Scale bars = 1 mm (full image) and 100 um (enlarged image). Data are presented as means =+ SD.
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FIGURE 2

(A) Images of the soleus and plantaris muscle sections immunostained for laminin (green) and Type | myofbers (red). The quantity of Type | myofbers
in the soleus (B) and plantaris muscle (C). Scale bars = 100 Um. Data are presented as means + SD.
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3.5 Changes in mRNA expression of VEGF
family members
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FIGURE 3

(A) Immunostaining images of the soleus muscles (gray: myofber imaged via phase-contrast microscopy; green: LYVE-1-positive lymphatic vessels;
red: CD31-positive blood capillaries). Quantifcation of lymphatic vessels density (B) and the ratio of lymphatic vessels to myofbers (C). Quantifcation
of blood capillary density (D) and the ratio of blood capillaries to myofbers (E). Scale bars = 50 Um. Data are presented as means =+ SD.
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FIGURE 4

(A) Immunostaining images of the plantaris muscles (gray: myofber imaged via phase-contrast microscopy; green: LYVE-1-positive lymphatic
capillaries; red: CD31-positive blood capillaries). Quantifcation of lymphatic vessels density (B) and the ratio of lymphatic vessels to myofbers (C).
Quantifcation of blood capillary density (D) and the ratio of blood capillaries to myofbers (E). Scale bars = 50 Um. Data are presented as means =+ SD.

3.6 Changes in mRNA expression of
infammatory cytokines
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FIGURE 5
mMRNA expression levels of VEGF family members in the soleus (A,C,E,G,l) and plantaris (B,D,F,H,J) muscles. mRNA levels of the lymphangiogenic
factors VEGF-C and VEGF-D, and their receptor VEGFR-3 (A—F). mRNA levels of the angiogenic factor VEGF-A and its receptor VEGFR-2 (G—J). Data
are presented as means =+ SD.
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FIGURE 6

mMRNA expression levels of TNF-0 (A,B) and IL-10 (C,D) in the soleus and plantaris muscles. Data are presented as means =+ SD.
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