Involvement of endoplasmic reticulum stress and
apoptosis in delayed onset muscle soreness
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Fig. 1.  Appearance of the treadmill test for rats. The velocity

and inclination of the treadmill are variable.

Fig. 2. Distribution of apoptotic nuclei in quadriceps femoris muscle. (A) Control. (B) Immediately after downhill running. (C) 24 hours
after downhill running. (D) 48 hours after downhill running. (E) 72 hours after downhill running. (F) 7 days after downhill running. Scale
bar = 50, m. Apoptotic nuclei (arrows) are stained green with TUNEL. TUNEL-negative nuclei appear blue with DAPI staining.
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Fig. 3. Apoptotxc change in nuclei in quadrxceps femoris
muscle as evaluated by TUNEL. The rate of TUNEL-positive

nuclei in E2 was significantly higher than in C (*P<0.05), and
returned to the same level as C in E7.
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Fig. 4. Change in the activation status of ER stress signaling in
quadriceps femoris muscle as evaluated by GRP78 mRNA
expression levels. The expression level of GRP78 mRNA in E2
was significantly higher than in C (*P<0.05), and returned to
the same level as C in E7.
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Fig.5. Change in the activation status of ER stress signaling in
quadriceps femoris muscle as evaluated by CHOP mRNA
expression levels. The expression level of CHOP/GADD153
mRNA in E2 was significantly higher than in C (*P<0.05), and
returned to the same level as C in E7.
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Involvement of endoplasmic reticulum stress and apoptosis in delayed onset muscle soreness Ryohei Takahashi,
Department of Restorative Medicine of Musculoskeletal System, Graduate School of Medicine, Kanazawa University,
Kanazawa 920-8640 Juzen Med. Soc., 122, 102 — 108 (2013)
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Abstract

Delayed onset muscle soreness (DOMS) is characterized by muscular discomfort that develops 1-2 days after exercise. It
is thought to be caused by muscle injury and inflammation, and reactive oxygen species are also considered to be involved,
but no consensus has yet been reached. Therefore, in this study, we focused the role of apoptosis in muscle injury. The
apoptosis cascade consists of a range of different pathways, in which endoplasmic reticulum (ER) stress has been reported to
induce apoptosis as a result of overactivation. The relationship between muscle injury and apoptosis has not been previously
reported. The objective of this study was to investigate the cause of muscle injury and to detect the presence of apoptosis in
rats after high-intensity exercise and investigate its association with ER stress. Wistar rats were made to exercise by downhill
running on a small animal treadmill. The exercise challenge consisted of five repetitions of a downhill run along a downward
slope of 15° at 20 m/min. Quadriceps femoris muscles (N=30) were harvested from rats in a control group (C: N=5);
immediately after exercise (EO: N=5); and on hours 24 (E1: N=5), 48 (E2: N=5), 72 (E3: N=5), and days 7 (E7: N=5) after
exercise. Apoptosis was evaluated by TUNEL staining. The associjation of exercise with ER stress was evaluated by RT-PCR
analysis of the GRP78 and CHOP/GADD153 mRNA. Apoptosis expression peaked at E2 compared to C, and was almost
equivalent to C on E7. Similarly, the levels of GRP78 and CHOP/GADD153 mRNA also peaked at E2 and were almost
equivalent to C at E7. Our results suggest that apoptosis is involved in DOMS, and it is at least partly induced by ER stress,
which provide one possible explanation of the pathology of DOMS.



