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Example Materials and Methods 
Materials and Methods

Thirteen Aplysia (weight, 93 to 170 g) from a single cohort were obtained from the National Institutes of Health University of Miami National Resource for Aplysia (Miami, FL). The Aplysia were kept in artificial seawater (Crystal Sea Marinemix, Marine Enterprises International, Baltimore, MD) and housed individually in plastic baskets measuring 34.9 × 27.3 × 12.7 cm (Sterlite, Townsend, MA). The baskets floated in a 1500-L circular tank, and air stones were placed in each basket to maintain water circulation through the basket. Additional air stones were placed in the bottom of the larger tank to maintain adequate water flow and dissolved oxygen. Water temperature, salinity, pH, unionized ammonia, nitrite, and nitrate were tested daily, and water changes were performed as needed to maintain adequate water quality. The following parameters were maintained: temperature, 17 to 20 °C; salinity, 34 to 35 ppt; pH, 7.8 to 8.4; unionized ammonia, less than 0.04 mg/L; nitrite, less than 0.2 mg/L; and nitrate, less than 4 mg/L. Red algae (Gracilaria ferox) was fed at approximately 1 g per animal 3 times weekly. The Aplysia were acclimated for 2 d in the experimental tank before use in the study, at which time they showed normal behavior and seldom ‘inked’ when manipulated.

Anesthesia protocol.

Prior to the suture study, 3 concentrations of MgCl2•6H2O (Mallinckrodt Baker, Phillipsburg, NJ) were tested for anesthetic efficacy, with 2 Aplysia tested per concentration.23 The concentrations of MgCl2•6H2O were 20 g/L (0.098 M), 50 g/L (0.246 M), and 75 g/L (0.369 M). The corresponding amount of MgCl2•6H2O for each concentration was dissolved in 1.5 L fresh filtered water. The Aplysia were placed in individual 3-L plastic containers filled with 1.5 L fresh, aerated tank water, and the anesthetic water was added slowly to the container. Induction time was recorded as the time elapsed from when the anesthetic water was added to the point when there was loss of attachment, loss of righting reflex, no voluntary movement, and no response to stimuli. Once the end point was reached, the Aplysia was removed from the anesthetic bath, rinsed 3 times in fresh tank water, and placed in a new container containing 3 L fresh tank water. Recovery time was determined as time elapsed from placement in the fresh tank water until the animal was alert, able to right itself, responded to stimuli, and had readhered to the tank wall. When the Aplysia were fully recovered, they were returned to their holding baskets. The concentration chosen for the remainder of the study was 50 g/L MgCl2•6H2O.

Suture reactions.

This study was conducted in conjunction with a teaching laboratory at North Carolina State University College of Veterinary Medicine (Raleigh, NC). Thirteen veterinary students each conducted the following procedure on a single Aplysia. The Aplysia were placed in individual containers and anesthetized as described. When the animals were fully anesthetized, they were transferred to a towel soaked in anesthetic water and clear plastic wrap was used as a surgical drape. A 60-mL catheter-tip syringe with a 10-French red rubber catheter was used to pass aerated anesthetic water over the ctenidia (gills). A single simple interrupted suture was placed at 1 of 6 sites by using 1 of 5 suture materials; the 6th site was the control site, at which no suture was placed. Tested suture materials were polydioxanone (PDS II, Ethicon, Somerville, NJ), black braided silk (Ethicon), polyglactin 910 (Vicryl, Ethicon), monofilament nylon (Monosof, United States Surgical, Norwalk, CT), and monofilament poliglecaprone (Monofyl, Oasis Medical, Mettawa, IL). All sutures were 3-0 and had a FS1 or C14 (3/8-in. circle, 24 mm) reverse cutting needle to maintain uniform trauma from passage of the needle through the skin. Three sites were located on each side of the animal, approximately 0.5 cm dorsal to the lateral aspect of the foot surface and approximately 1 cm apart. Suture materials were rotated so that all were placed at every location on at least 2 animals. Prior to recovery from anesthesia, a loose single interrupted suture (silk) was used to attach 2 color-coded beads to the caudal aspect of 1 of the parapodia for animal identification. When all sutures were placed, the Aplysia were rinsed 3 times in fresh tank water and returned to their holding baskets to recover from anesthesia.

The animals were monitored daily for behavior, inflammation, healing, and suture loss. At 6 d after surgery, 6 of the 13 Aplysia were anesthetized and the suture and control sites were evaluated; the remaining 7 Aplysia were evaluated 12 d after surgery. After visual evaluation, each site was biopsied (incorporating the suture and surrounding tissues) by using a 6-mm biopsy punch, and the site was closed by using 3-0 silk in a combination cruciate and simple interrupted pattern. The suture was removed from the biopsy, and the tissue sample was placed in Davidson solution for fixation. After 24 h, the tissue samples were transferred to 70% ethanol.  For histology, all tissue samples were routinely processed, embedded in paraffin, sectioned at 5 μm, and stained with hematoxylin and eosin for evaluation by light microscopy. The tissue biopsies were evaluated by 2 pathologists (ASD, JML) blinded to suture type. 

To help derive an overall suture reaction score for each biopsy, 3 semiquantitative subcategories were graded (score, 1 to 4) and then used to calculate a final histology score. The 3 subcategories were edema, inflammation, and granuloma formation. Edema, a common acute reaction in mammalian inflammation, was used here as an indicator of total tissue damage and probably also reflects some loss of osmoregulation due to cell membrane injury in aquatic animals. We defined inflammation as the often loosely arranged cellular inflammatory reaction in Aplysia that lacks the well-defined organization typical of a granuloma seen in reaction to foreign material such as suture. Finally, because Aplysia have different inflammatory cell types than mammals,16 we defined granulomas as well-organized layers of activated inflammatory cells (amoebocytes), often having central foci of necrosis and accompanied by variable layers of fibroblasts, which expanded and replaced the underlying tissue architecture. An overall histology score ranging from 1 to 6 was determined for each sample: 1, normal tissue; 2, minimal changes—minimal inflammation, edema, and absence of granuloma formation; 3, mild inflammation, edema, and rare, mild granuloma formation; 4, moderate inflammation, edema, and granuloma formation; 5, moderate to severe inflammation, edema, and granuloma formation; and 6, high numbers of inflammatory cells, edema, and large granulomas.

Statistical analysis.

Control scores were subtracted from scores for all sites in each animal. Data were grouped according to suture material and statistically analyzed by using JMP 7 (SAS Institute, Cary, NC). An ordinal logistic model was used to evaluate the effect of individual animal (surgeon variability) and suture material on each factor and the overall histology score. The Wilcoxon rank-sum test was used to compare differences between samples biopsied at 6 and 12 d after suture placement. The Friedman 2-way ANOVA was used to compare reactions among all suture materials, and when significant differences were found, the Wilcoxon matched-pairs signed-rank test was used to determine which pairs differed significantly. A P value of less than 0.05 was regarded as statistically significant.

