VERTEBRATE ANIMALS  

The purposes of our mice are threefold: 1) in vitro immunohistochemical analyses of areas affected by hippocampus-mediated positive and negative memories, specifically by measuring the expression of immediate early genes and spine morphology; 2); in vitro slice physiological experiments testing for the functionality of my activity-dependent and inducible channelrhodopsin-2 virus constructs at the level of cell bodies and axonal terminals; 3) in vivo optogenetic reactivation of positive and negative memories during a battery of anxiety- and depression-related behaviors to measure if such manipulations are capable of reversing or mimicking the effects of chronic stress.
(1) Description of procedures: Wildtype male and female C57BL/6J mice 3-4 months of age will be tested behaviorally in accordance with the NIH laboratory animal care guidelines and with IACUC approval. We estimate that we will maintain 70-100 cages per day (5 mice per cage) on average across 5 years, and the number of mice used per experiment will be based on previously published literature (e.g. Ramirez et al. 2015) to ensure appropriate sample sizes. For experiments testing whether or not positive memories can ameliorate the effects of stress, we will utilize a chronic immobilization stress (CIS) procedure, as previously described (Lim et al. 2012; Ramirez et al. 2015). Briefly, animals will be kept for 2 hours a day in a DecapiCone plastic restrainer for 10 days. Following CIS, animals will undergo a resident intruder, open field, and sucrose preference test, in addition to optogenetic stimulation of hippocampus cells. Alternative stress procedures will be adopted as needed, as described in Aim 1C.
(2) Justifications: These subjects are ideal for my proposed experiments because, 1) the mouse hippocampus and human hippocampus share many similar functional and structural features; 2) the virus serotype utilized in my experiments expresses robustly and efficiently in the mouse brain; 3) the behavioral assays I will utilize have been optimized and reproduced regularly in this mouse species/strain; 4) the immunohistological, electrophysiological, and optogenetic protocols I will utilize have also been primarily performed on mice. Collectively, these criteria make it possible to compare my results with previous studies, to enable future studies in murine subjects in a robust and reproducible manner, and to adopt necessary changes in my experiments rapidly, as the combination of mouse subjects and virus techniques confers an efficient system for testing a multitude of hypotheses concerning memory and stress. 
(3) Minimization of pain and distress: To minimize discomfort, distress, pain, and injury, multiple precautions will be taken: 1) During the CIS protocol, every animal is monitored in 10 minute increments across the 2 hours to ensure that breathing is not hindered and that the animal does not face any life-threatening insults. Should any of these occur, the CIS would be aborted for that animal immediately. 2) Surgeries are performed in a sterile environment and under ketamine/xylazine anesthesia; 3) Prior to the incision, a topical antibiotic is administered to minimize discomfort, in addition to topical antibiotic over the wound; 4) Animals are placed on a heating pad post-surgery until recovered from anesthesia and are then placed back into the mouse facility once locomotion and feeding have returned; 5) Animals are given Metacam as a pre-emptive analgesia during the surgery as well as for at least 3 days after the surgery; 6) All animals used in optogenetic experiments that have fiber optic implants are allowed to recovered for 10 days before any handling or experimental interventions occur. Their weights, coat shine, and responsiveness are closely monitored throughout. Once recovered, the fiber optic implants have no discernable effect on the animal’s feeding, comfort level, health status, or other behaviors—all will be closely monitored throughout an animal’s lifetime; moreover, both topical and injected antibiotic treatment will be used as-needed if infection or swelling occur throughout the recovery period and thereafter. Should inflammation or infection occur, this animal will be stopped from any behavioral experiments and permitted to recover for at least a week until all signs of discomfort are completely ameliorated; 7) All mice are handled for 2 minutes a day across 3 days prior to any experimental protocol to ensure comfort with human contact and to minimize distress from this novel interaction. Finally, all procedures performed fully minimize pain and distress to the extent possible for conducting our scientific research. 
(4) Euthanasia: Once all optogenetic interventions and behavioral assays are complete, animals will be sacrificed by ketamine overdose, followed immediately by perfusion with saline and paraformaldehyde for tissue fixation, and guillotine to remove the fixed brains for sectioning. These methods are in accordance with the Panel on Euthanasia of the American Veterinary Association and will also undergo approval by the IACUC, as well as being prepared, stored, and administered at the appropriate dosage. Finally, the procedures and care of the animals used in this project conform to the American Physiological Society’s "Guiding Principles in the Care and Use of Animals", as well as all Federal Regulations. All experimental protocols are reviewed by our Animal Care and Use Committee, are updated at least annually, and prepared in consultation with multiple Committee members. 
