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Abstract: 

Insect cuticle has been a major interest to both developmental biologists as well as material scientists due to its incredibly versatile mechanical properties. The primary components consist of fibrous chitin chains arranged in complex layers within a protein matrix. One special form of insect cuticle is the flexible body wall of caterpillars that is studied because of its particular importance to animal locomotion research, and its potential for use in synthetic devices. Caterpillars such as Manduca sexta are non-compartmentalized animals with body fluid enclosed by soft tissues. Previous measurements suggest that Manduca establishes a baseline body pressure during normal functioning. The material properties of the body wall are therefore expected to be important in distributing forces and directing movements, essentially acting as part of the locomotion control system. This on-going project seeks to characterize the Manduca cuticle as a biomaterial in the functional context of locomotion. Adopting the standard uniaxial test to Manduca endocuticle in vitro, we found a consistent difference in properties depending on the stressing orientation. Stretching along the circumferential direction yielded at least twice of the modulus measured in the longitudinal stretch, suggesting anisotropy in the cuticle. This finding was consistent with the pressurized cylinder model. These properties are now being modeled using anisotropy theories to predict the microscopic arrangement of fibers within the cuticle.
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