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Development of bioimaging technique for temperature measurement in skeletal
muscle myofibers
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Real-time analysis of intracellular temperature distribution leads to the
elucidation of various cellular functions. This study was conducted to establish a technique to
image temperature distribution in the in vivo environment without removing skeletal muscle from live

animals. In the experiment, temperature-sensitive fluorescent probes were loaded into rat muscle
cells. A model was constructed to observe the contraction-relaxation cycle by direct calcium ion
injection into the cells, and temperature changes were observed in real time. This experimental
model revealed that the sarcoplasmic reticulum, a cell organelle that regulates calcium ion in the
cytoplasm, plays an important role in the muscle temperature changes during the
contraction-relaxation cycle.
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Figure 1. A: The quantitative relationship between the ratio of fluorescence (580/515 nm) and
muscle temperature (N = 4, n = 4). N = number of animals. n = number of muscle fibers
measured. Values shown are expressed as means + SE. B: Representative example of
changes in intracellular temperature in rat spinotrapezius muscle myocyte. Scale bar = 100
pm. Pseudocolor bar indicates the 580/515-nm ratio value.
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Figure 2. Influence of Ca?* injection with/without CPA in vivo on intracellular temperature.
Values shown are means =+ SE (Ca?* free condition: N = 5, n = 13, Ca?* condition: N =5, n
=10, Ca?"+CPA condition: N = 4, n = 7). N = number of animals. n = number of muscle fibers
measured. The injection time point is shown with an arrow. There was a significant interaction
effect for treatment condition (Ca?* injection with/without CPA) and time course of injection (P

< 0.001). Significant difference between each condition at the same time point: *P < 0.05
(Ca?* with vs. without CPA). CPA, cyclopiazonic acid.
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Figure 3. Changes in muscle fiber length (i.e., extent of shortening), intracellular Ca?*
concentration ([Ca?*]i) and intracellular temperature induced by 2.0 mM Ca?* injection into a
single rat spinotrapezius muscle myocyte. Values shown are means = SE (Fiber length: N
=10, n = 10, [Ca?]i : N =10, n = 17, Temperature with/without CPA : N =5 and 4, n = 10 and
6). N = number of animals. n = number of muscle fibers measured. There was a significant
effect for CPA treatment condition (#P < 0.001). CPA, cyclopiazonic acid.
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