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Abstract: We documented the regeneration of longitudinal muscle bands in the sea cucumber, Apostichopus ja-
ponicus. The longitudinal muscle bands at the rear of the abdominal cavity were severed with scissors. The sea
cucumbers were then reared in sea water containing antibiotics (100 IU/mL penicillin and 100 pg/mL streptomy-
cin), and the structural changes of the regenerated longitudinal muscle bands were documented using morpho-
logical and histological methods. Morphological analysis revealed a gap of 0.5—1 ¢cm around the broken muscle
bands caused by contraction of the longitudinal muscle after surgery. Ivory and flocculent tissue (muscle precur-
sors) were observed at the trauma site 15 d after the operation. The muscle precursor thickened 30—45 d after in-
jury and the ends of the severed muscle were reconnected. The muscle precursor gradually transformed into mus-
cle bands that were half the thickness of the normal longitudinal muscle 60-90 d after surgery. The regenerated
longitudinal muscle bands grew further, and were only slightly smaller in diameter 110-130 d after surgery. The
longitudinal muscle bands were completely regenerated 150 d after surgery, and there was no significant difference
from undamaged muscle fibers. Histological analysis revealed that the muscle precursor was composed of connec-
tive tissue and individual muscle fibers 15 d after surgery. At 30—45 d, the number of new muscle cells increased
significantly, and there was evidence of “bridged’ connections between thickening muscle precursors and the body
wall. At 60-90 d, the thickening muscle precursor was largely replaced by muscle fibers, and could be classified as
longitudinal muscle bands. Concurrently, the number of “bridged’ connections increased. At 110-130 d, the num-
ber of new muscle fibers increased significantly and the number of “bridged” connections decreased. At 150 d, the
longitudinal muscle bands had regenerated completely and the “bridged” connections had disappeared. Our ob-
servations suggest that the longitudinal muscle bands have a strong ability for regeneration and the new muscle
cells are derived from the connective tissue cells in the body wall and the coelomic epithelium.
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Plate I Morphologic observation of LMBs during the regeneration in Apostichopus japonicus

1, Normal LMBs, arrow showing LMBs; 2, LMBs after wounded for 0 h, indicating a obvious contraction at broken ends, arrow
shows the wounded LMBs; 3, Muscle precursor in ivory floccus occurring at the traumatic position after wounded for 15 d, arrow
showing the muscle precursor; 4, Muscle precursor in translucent occurring at the traumatic position after wounded for 30 d; 5, Mus-
cle precursor thickened at the traumatic position after wounded for 45 d; 6, New LMBs at the traumatic position after wounded for 60
d; 7, LMBs thickening at the traumatic position after wounded for 75 d; 8, LMBs further thickening at the traumatic position after
wounded for 90 d; 9, LMBs close to the normal at the traumatic position after wounded for 110 d; 10, New LMBs at the traumatic
position after wounded for 130 d, with little differences compared with the normal tissue; 11, LMBs completely regenerated at the
traumatic position after wounded for 150 d.
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Plate[l Histology observation of LMBs during the regeneration in Apostichopus japonicus
1, LMBs and body cavity epithelium of normal sea cucumber, arrow showing cavity epithelium; 2, Smooth muscles in the LMBs; 3, The
contraction at broken ends after wounded for 0 h, muscle fibers arranged irregularly, and ring muscle of the inside of the body wall ap-
pearing a certain degree of contraction; 4, The muscle precursor after wounded for 15 d; 5, Muscle precursor amplified, showing connec-
tive tissue and muscle tissue occurring, arrow showing new muscle fibers; 6, The muscle precursor after wounded for 30 d;7, Amplifica-
tion from the 6th box, arrow showing the “bridged’ connection; 8 and 9, Muscle fibers increasing in the muscle precursor after wounded
for 45 d; 10, The number of the “bridged’ connection increased after wounded for 60 d; 11, Muscle precursor transforming into LMBs
after wounded for 75 d , arrow showing new longitudinal muscle; 12, Appearing lots of coelomic epithelium around the “bridged’ con-
nection after wounded for 90 d, arrow showing the “bridged’ connection; 13,The number of new muscle fibers continuing to increase
after wounded for 110 d; 14, The thickened of LMBs having a difference with normal LMBs after wounded for 130 d; 15, Completely
regenerated LMBs after wounded for 150 d.
CE—coelomic epithelium; CT-connective tissue; LMB-longitudinal muscle band; MF-muscle fiber; MP-muscle precursor; NMT-new muscle tissue.



