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Exploring Regulatory Mechanisms of Skeletal Muscle Microcirculation by Using
Two-photon Laser Scanning Microscopy
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Capillary blood flow dramatically increases during exercise. We obtained
3-dimensional images of capillary blood flow of rat skeletal muscle by using two-photon laser
scanning microscopy. Fluorescent dye was intravascularly administered to obtain the 3-D images. In
normal skeletal muscle, the dye retained in the vessel for an hour after the administration;
however, it leaked out from vessel in exercise-induced injured muscle. The amount of extravascular
leakage, which indicates microvascular permeability, was elevated in injured muscle as compared to
intact muscle. Vascular endothelial growth factor expression was enhanced in swelling myocytes and
macrophage infiltrated myocyctes, concurrently with microvascular hyperpermeability. These results
likely suggest that new insight of regulatory mechanism of skeletal muscle microcirculation by
myocyte and capillary endothelium interacting each other.
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Fig 1. Experimental design

Tibialis anterior (TA) muscle
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Fig 2. /n vivo imaging using
TPLSM. Skeletal muscle
microcirculation was visualized
via TPLSM (TCS-SP5 MP, Leica
(Hotta, et al. J Appl Physiol 2018) Microsystems GmbH, Wezlar,
Germany) under anesthesia. Fluorescent dye (rhodamine B isothiocyanate-labeled
dextran with 70 kDa) was intravenously infused just before image acquisition. 3-D
images of TA muscle were acquired every 10 min for 60 min and interstitial leakage of
fluorescent dye was volumetrically determined (Fiji, NIH, Bethesda, MD).
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Fig 3. Representative three-dimensional (3D) images of skeletal muscle
microvasculature in control and muscle exposed to ECC as a function of time after
fluorescent dye infusion. Z-axis depth was expressed by color scale as shown.
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Fig 4. Interstitial volume of fluorescent dye in tibialis anterior muscle over time
after infusion of marker. Interstitial volume was calculated by 4-dimensional
image analysis. Two-way ANOVA revealed that there was significant
interaction between time and group (F = 12.16, P = 0.0001). Interstitial volume
of dye increased by the first measurement (i.e., 5 min) and reached a plateau
by ~15 min after fluorescent dye infusion on day 1 and day 3. Interstitial
volume was significantly higher on day 1 and day 3 compared with control and
day 7 (P < 0.05, respectively). Although leakage volume slightly increased on
day 7, there was no significant difference between day 7 and control. b P <
0.05 vs. control; e P < 0.05 vs. day 7. Values are means = SE. Five rats were
included in each group
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Fig 5. Morphological analysis of skeletal muscle

microvasculature. Skeletal muscle microvascular 3-dimensional
network was sectioned using bifurcations, and vessel diameter
was measured at randomly selected points in each segment (A).
Each segment was then traced by hand to calculate actual
distance (B). The origin and terminus were directly lined (A) to
calculate direct distance to calculate vessel tortuosity. C and D:
microvascular diameter (C) and tortuosity (D) in tibialis anterior
muscle in control (no ECC) and in muscle day 1, day 3, and day 7
after eccentric contraction (ECC).
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Fig 6. Immunohistochemistry of VEGF-A-positive muscle fibers in the tibialis anterior
muscle of control and day 1, day 3, and day 7 post-ECC. A: serial sections stained with
hematoxylin and eosin as well as VEGF-A antibody. B: % of damaged muscle fibers
colocalized with VEGF-A-positive staining.




1 1 1 0

Kazuki Hotta, Bradley Behnke, Kazuto Masamoto, Rie Shimotsu, Naoya Onodera, Akihiko Yamaguchi, 125
David Poole, Yutaka Kano

Microvascular Permeability of Skeletal Muscle After Eccentric Contraction-Induced Muscle 2018
Injury: In Vivo Imaging Using Two-Photon Laser Scanning Microscopy

Journal of Applied Physiology 369-380

DOl
10.1152/japplphysiol .00046.2018

6 0 3

Kazuki Hotta, Brad J Behnke, Kazuto Masamoto, Rie Shimotsu, David C Poole, Yutaka Kano

Skeletal Muscle Microvascular Permeability After Eccentric Contraction-Induced Muscle Injury: Novel In Vivo Imaging Using
Two-Photon Laser Microscopy

ACSM annual meeting

2018

Kazuki Hotta, Rie Shimotsu, Yutaka Kano

Insulin-dependent diabetes mellitus enhances microvascular permeability and inducesatrophy of rat skeletal muscle: in vivo
imaging using two-photon laser scanningmicroscopy

The 2nd Joint Conference of Japanese Physical Therapy Society of Respiratory , Cardiovascular and Diabetes

2018

73

2018




Kazuki Hotta, Rie Shimotsu, Kazuto Masamoto, Kazuyoshi Yagishita, Brad J Behnke, David C Poole, Yutaka Kano

The Onset of Exercise-induced Microvascular Hyperpermeability is Delayed in Diabetic Skeletal Muscle: In Vivo Imaging Using
Two-Photon Laser Scanning Microscopy

Experimental Biology

2019

72

2017

Kazuki Hotta, Brad J. Behnke, Kazuto Masamoto, Rie Shimotsu, David C. Poole, Yutaka Kano

Skeletal Muscle Microvascular Permeability After Eccentric Contraction-Induced Muscle Injury: Novel In Vivo Imaging Using
Two-Photon Laser Scanning Microscopy

2018 ACSM Annual Meeting

2018

(Kano Yutaka)

(12612)




