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I. Personnel
A. Principal Investigator(s):    
Hu Huang
B. Department(s):  
Kinesiology
C. List all personnel (PI’s, co-investigators, technicians, students) that will be working with live animals and describe their qualifications and experience with these specific procedures.  If people are to be trained, indicate by whom:
	Name/Degree/Certification
	Position/Role(s)/ Responsibilities in this Project
	Required Online IACUC Training (Yes/No)
	Relevant Animal Experience/Training (include species, procedures, number of years, etc.)

	Hu Huang Ph.D.
	PI 	 Yes
	 15 years of mice handling (all procedures)

	Taylor Landry MS	Ph.D. student    key research fellow, will be responsible to all surgeries and mouse experiments.Ph.D. student    key research fellow, will be responsible for all surgeries and mouse experiments.	 Yes
	 completed DCM animal handling and aseptic surgery training

	Daniel Shookster BS	Ph.D. student    key research fellow, will be responsible for all experiments 
	yes
	Completed DCM animal handling and online courses. Will be trained by Taylor Landry and Hu Huang.

	    Tony Nguyen	Master’s student, will be involved in some exercise studies (no surgeries)
	yes
	  Completed DCM animal handling and online courses. Will be trained by Taylor Landry and Hu Huang.

	  
	 
	
	 

	 Click here to enter text.
	 
	
	

	 Click here to enter text.
	 Click here to enter text.
	 Choose an item.
	 Click here to enter text.

	 Click here to enter text.
	 Click here to enter text.
	 Choose an item.
	 Click here to enter text.

	 Click here to enter text.
	 Click here to enter text.
	 Choose an item.
	 Click here to enter text.

	 Click here to enter text.
	 Click here to enter text.
	 Choose an item.
	 Click here to enter text.




II. Regulatory Compliance
A. Non-Technical Summary
Using language, a non-scientist would understand, please provide a clear, concise, and sequential description of animal use.  Additionally, explain the overall study objectives and benefits of proposed research or teaching activity to the advancement of knowledge, human or animal health, or good of society.  (More detailed procedures are requested later in the AUP.)
Please add a few sentences at the end of this response to summarize the nature and reason for this amendment.
Do not cut and paste the grant abstract.         
The long-term objective of this AUP is to determine the physiological role of α-klotho in the hypothalamic regulation of energy homeostasis.  We have preliminary evidence that α-klotho, a known anti-aging protein, is a novel humoral factor that targets hypothalamic arcuate neurons, which regulate energy and glucose metabolism. This, and other findings, leads us to the novel hypothesis that hypothalamic α-klotho signaling is required for the homeostatic regulation of energy and glucose metabolism. The proposed studies will focus on the effects of central α-klotho on metabolic function in varies mouse models of obesity and diabetes, as well as the neuronal mechanisms underlying α-klotho’s metabolic effects.  These include α-klotho potentially targeting POMC and AgRP/NPY neurons via signaling pathways that involve fibroblast growth factor receptors (FGFRs) and the Phosphoinositide 3-kinase (P13 kinase). Ultimately, we hope our research will contribute to a better understanding of the cause of obesity and metabolic disease, as well as development of effective treatments for these disorders. To achieve the abovementioned research goals, we will utilize multiple transgenic mouse lines to determine the effect of α-klotho in either POMC (POMC-GFP Reporter mouse) or AgRP (NPY-GFP Reporter mouse) neurons located in hypothalamus of brain by injecting α-klotho directly into lateral hypothalamus of high fat diet induced obese model (C57BL/6). While these results illustrate encouraging effects of a “gain of function” central α-klotho model, it is important to determine the results of inhibiting the central activity of α-klotho.  By inhibiting central α-klotho we can determine its importance in the brain regarding energy balance and glucose homeostasis.  Results from these experiments will shed new light into the mechanisms and pathophysiology underlying metabolic disease.  By using the anti-α-klotho antibody as an ICV treatment, we can preferentially inhibit centrally circulating α-klotho. The Mock IgG (Negative Control IgG) is great for use as a negative control rather than saline with mouse specific antibodies. Therefore, we would like to use Mock IgG to compare with anti- α-klotho treatment. Moreover, treatment with intraperitoneal injection of streptozocin is the gold standard for inducing oxidative damage and simulating type I diabetes.  By using this model, we can determine the therapeutic potential of α-klotho regarding type I diabetes. To validate that a treatment is not having negative health consequences, Taste aversion tests are often performed in animal models. Therefore, to exclude the possibility that α-klotho or anti-α-klotho-induced feeding behavior may be caused by general adverse effects of the recombinant protein or antibody injection, mice will be subjected to a conditioned taste-aversion test (CTA) to rule out the possibility that α-klotho induced CTA. Adeno-associated virus (AAV), is an efficient vector for transgene expression in vivo and shows promise for treatment of brain disorders in both animal studies and clinical trials. This tool will enable us to investigate the effect of over-expressed α-klotho only in central nervous system of DIO and STZ mice to determine the central metabolic role of α-klotho.
Anti-sense oligonucleotides (ASO) is a tool that is used for the inhibition of gene expression. The principle behind it is that an antisense nucleic acid sequence base pairs with its complementary sense RNA strand and prevents it from being translated into a functional protein. We will use ASO- α-klotho as alternative approach to investigate the loss-function of α-klotho. We will use a temperature microchip to measure core body temperature. To elucidate the neuronal and cellular mechanism, we would like ICV treatment with α-klotho in NPY-GFP or POMC GFP-reporter mouse models.  we will also use Foxo-1-GFP reporter mice to investigate the signaling pathway induced by α-klotho in vivo by crossing Foxo-1 GFP floxed mouse with POMC-Cre or AgRP-Cre mice along with td-tomato to visualize the POMC or AgRP neurons in our approved breeding AUP P100. To further investigate the molecular mechanism of α-klotho induced neuronal activation, the α-klotho potent receptor FGFR1 will be studied by using FGFR1 floxed mouse combined with POMC or AgRP inducible Cre transgenic lines to generate FGFR1 deficiency in mature neuron animal models. We will also use AgRP or POMC td tomato reporter mice along with Foxo-1 GFP mice to monitor the key signaling pathway in these neuron populations. We will also be studying for ICV treatment with FGFR1 inhibitor, PD 173074 or PI3K inhibitor, Wortmannin to potentially abolish the central α-klotho’s effects. A general procedure for animal experiment and detailed information regarding transgenic mouse lines are included in this AUP. In general, control or high fat diet fed mice may have multiple interventions and procedures performed (glucose tolerance test (GTT), insulin tolerance test (ITT), fasting, blood collection, treadmill exercise, cerebrospinal fluid (CSF) collection, indirect calorimetry and locomotor activity, noninvasive body fat composition, intracerebroventricular (ICV) surgery, osmotic pump implant, and terminal cardiac perfusion) in order to investigate and elucidate the neuronal and cellular mechanisms of alpha-klotho.  

Amendment#2: The reason for this amendment is to update the list of animal users (both removing and adding some undergraduate research assistants). Also, we would like to include an additional anesthesia method for intracardial perfusion. While we are currently approved to use ketamine as an anesthetic for this procedure, ketamine has been shown to alter neuronal activity and therefore confound results of experiments. Consequently, we would like to allow for deep anesthesia prior to the procedure using an isoflurane vaporizer, and maintenance of anesthesia during the procedure using an isoflurane nose-cone (with vaporizer). 

Amendment#3: The reason for this amendment is to update the list of animal users (both removing and adding some undergraduate research assistants).

Amendment#4: Please indicate rationale for amendment here

B. Ethics and Animal Use

B.1. Duplication
Does this study duplicate existing research?  No
If yes, why is it necessary? (note: teaching by definition is duplicative)     
Click here to enter text.

B.2. Alternatives to the Use of Live Animals  
Are there less invasive procedures, other less sentient species, isolated organ preparation, cell or tissue culture, or computer simulation that can be used in place of the live vertebrate species proposed here?    No
If yes, please explain why you cannot use these alternatives.    
Click here to enter text.

B.3. Consideration of Alternatives to Painful/Distressful Procedures
     a. Include a literature search to ensure that alternatives to all procedures that may cause more than momentary or slight pain or distress to the animals have been considered. 
1. F list all of the potentially painful or distressful procedures in the protocol:  
Glucose/insulin tolerance tests, blood collection (tail bleed), treadmill exercise testing, IP injection, ICV injection, Osmotic Pump infusion, indirect calorimetry, cardiac perfusion, water regulation (2 hours a day), up to 12 hours fasting, and non-invasive determination of body composition.
Following injection of STZ, mice may experience a reduction in body weight and increased blood glucose levels over 400 mg/dl. 
Following injection lithium chloride, mice will experience gastrointestinal distress, acute suppression of food intake, and acute weight loss.   
Following the implantation of Temperature Microchips, mice will experience short time discomfort, and some pain caused by the device.

2. For the procedures listed above, provide the following information (please do not submit search results but retain them for your records):
	Date Search was performed:
	11/1/2018
	Database(s) searched:
	Pubmed
	Time period covered by the search (i.e. 1975-2013):
	1998-2018
	Search strategy (including scientifically relevant terminology):
	 ICV cannulation, Osmotic pump, Treadmill exercise, GTT/ITT, Cardiac perfusion, indirect calorimetry. Fasting up to 24 hrs, Taste aversion, lithium chloride, central inhibition, “anti-α-klotho”, central inhibition, water deprivation; STZ-induced diabetes; leptin; conditioned taste aversion and lithium; GI distress model; Mock IgG, temperature microchip, AAV delivery, and ASO mediated expression. C57B/6 mouse, NPY-GFP mouse, POMC-GFP Mouse, ICV administration of wortmannin, PD173074
	Other sources consulted:
	 Animal Welfare Institute (http://www.awionline.org/lab_animals/index.htm)  



 3. In a few sentences, please provide a brief narrative indicating the results of the search(es) to determine the availability of alternatives and explain why these alternatives were not chosen. Also, please address the 3 Rs of refinement, reduction, and replacement in your response. Refinement refers to modification of husbandry or experimental procedures to enhance animal well-being and minimize or eliminate pain and distress. Replacement refers to absolute (i.e. replacing animals with an inanimate system) or relative (i.e. using less sentient species) replacement. Reduction involves strategies such as experimental design analysis, application of newer technologies, use of appropriate statistical methods, etc., to use the fewest animals or maximize information without increasing animal pain or distress.
High Fat Diet: Diet intervention will typically last between 4 to 12 weeks. Whole-body phenotype on these mice are assess in vivo, using techniques such as GTT, ITT, blood collection (tail bleed), indirect calorimetry, locomotor activity, lean mass and adiposity.  Each of these tests will be performed with 3 to 7 days intervals. After whole-body phenotyping, mice will be appropriately anesthetized, tissues harvested, and mice euthanized.                                                             Glucose and insulin tolerance testing are by far the most common, most reliable, and least stressful means of assessing glycemic control in mice in vivo. Glucose and insulin clamps are the only alternative, but they require surgery to implant catheters thus are more stressful. We have refined out GTT and ITT techniques over the past decade based on best practices from the literature and from communication with colleagues with the goal of minimizing stress to improve consistency and reliability of results. We currently perform blood sampling from a single nick to the tail while the mice are in their cage. This is quick and minimizes stress to the mice, variability, and number of animals required to obtain sufficient results, the time line for GTT and ITT will be either in the middle or at the end of experimental.                                               For treadmill exercise, there is no alternative means to exercise mice for defined periods other than swimming, which is considered more stressful, instead of electric shock that potentially induces stress, we will use gentle encouragement by a bristle brush or human operator’s hands to push stopped or slowed down mice.                                                                                          Indirect calorimetry, locomotor activity and noninvasive measurement of body composition are minimally stressful, and mice can move freely, the time line for treadmill is from beginning to the end for 8 weeks.                                                                                                                              ICV cannulation and osmotic pump are the most effective and less stressful way to deliver any given drug and hormone to study in vivo in animal model, this approach will reduce the injection numbers since the pump will automatically deliver the drugs and hormones within a designated rate from a variety of ranges. Further, the osmotic pump will be placed at least a week after the ICV cannulation to allow for metabolic stabilization prior to the administration of the alpha –klotho.  Analgesics will be given pre-surgery and 3 days post-surgery. Meloxicam will be given every 24 hours via PO, while buprenorphine if used is given every 6-12 hours. Anesthetic depth for surgery will be assessed by foot pinch and animal reflex pain response to reduce pain and surgical stress. After the surgery, mice will be kept warm on a 37 degrees heated gel pad during the post-op period until they are capable of ambulation.  Gel diet and long sipper tube will be provided to alleviate pain, stress and discomfort.  Mice will be monitored every 15 min for 1 hours after the surgical procedures for signs of pain or distress, we will use appetite, locomotion activity, body temperature, and respiratory rate as additional parameters. If the mice still show signs of pain or infection (reduced motility, ruffled hair coat, lethargic, hunched), they will be euthanized. We will also to use the same experimental animal to reduce the number of animal use, the time line for this multiple major surgery is from beginning to the end for 4 weeks.                                                                                                                                                  For the cardiac perfusion, although it will be a terminal study, we will make sure the deep anesthesia will take place before we start the procedure. It is the best approach to fix every single tissue in a short amount of time for a mouse study, and it is an important step for studying key protein expression by immune-stain in those fixed tissues.	
Temperature Microchip implant: The current method to measure mouse core temperature is Rectal thermometry, which is invasive and not accurate based on the performer. With increased read ranges and accuracy being ± 0.1°C, we can now provide core body temperatures with injection of microchips subcutaneously.
Anti-α-klotho antibody treatment: To date no publications investigate specifically inhibiting central α-klotho. The effects of systemic α-klotho inhibition have been studied, however, since α-klotho cannot cross the blood brain barrier, these studies fail to differentiate between the roles of peripheral vs central α-klotho.  α-klotho’s receptor is also unknown, further limiting experimental possibilities aimed at determining the central role of α-klotho.  One published method of specifically inhibiting proteins circulating in the cerebrospinal fluid involves using antibodies.  Including a leader in our field, researchers use specific antibodies to preferentially inhibit circulating proteins in the cerebrospinal fluid.  Antibody-mediated inhibition is a relatively rapid process, shortening the duration of experiments.  At the moment it appears that there are not any alternative methods for specifically inhibiting centrally circulating α-klotho. We will also use Mock IgG as control for this experiment. As an alternative approach, we will also use the ASO- α-klotho to knock-down the expression of α-klotho, if the anti-α-klotho antibody experiment does not work.  
Taste aversion experiments: Lithium chloride has been a widely used drug to create taste aversion rapidly in mice since the 1970’s.  Over the years optimization has been performed to determine the minimum dose, amount of injections, and subsequent minimal gastrointestinal discomfort required to create a taste aversion in mice.  Lithium chloride is the gold standard and has the most consistent effects across animal models.  The proposed protocols utilize the shortest duration treatment (1 injection) and smallest dose (127mg/kg) lithium chloride to minimize mouse distress.                                                                                                                          STZ experiments: STZ is a pharmacological intervention resulting in type I diabetes pathophysiology.  The effects are extremely rapid, eliciting glucose dysregulation in mice after seven injections of 100mg/kg in our mouse line NPY-GFP reporter mouse and female C57BL/6, while other mouse line may need 3-4 injections based on preliminary data.  There are transgenic mouse models of type I diabetes, however developing new lines of transgenic mice require time and generations of mice.  Due to the simplicity and efficiency of STZ treatment, it one of the most widely used animal models of type I diabetes.  
Leptin experiments: Leptin is a hormone that can modulate hypothalamic neuronal activity to suppresses food intake and increases energy expenditure. To access whether α-klotho promotes leptin sensitivity, leptin 3mg/kg will be injected via IP after 1-week α-klotho ICV administration, food intake, and energy expenditure will be measured afterward.  
Wortmannin treatment: ICV wortmannin is a well-documented procedure in mouse widely used to study and verify the involvement of PI3K/Akt in cell signaling cascades that regulate key processes to map out the mechanisms underlying the action of certain factors. By using this inhibitor, we hypothesize to abolish the effects of α-klotho, one can suggest that PI3K is a critical down-stream pathway of α-klotho signaling. The reference proved is to prove the ICV wortmannin has been used previously as well as for the dosage information, not for those specific procedures such as the frequency and duration by euthanasia, it may be requested by the individual study, but it is not required for our proposed study.
PD173074 Treatment:  PD173074 is a chemical compound that selectively inhibits fibroblast growth factor 1 (FGFR1). It’s used to centrally inhibit fibroblast growth factors is well-documented. By using this inhibitor, we hypothesize to abolish the effects of α-klotho, one can suggest that FGFR1 is a critical down-stream pathway of α-klotho signaling.

We are constantly aiming to refine our ICV cannulation and administration procedures.  For example, fixing the cement with one screw has been shown to provide as much stability as two screws.  As a result, we have adopted this one screw technique to minimize animal distress.  In addition, post-cannulated mice are deprived of certain enrichments to prevent “bumping” of the cannula, but we add Kim wipes and rubber bones as substitutes.
In order to reduce the number of mice used for each experiment, pilot studies will be performed to determine effect size and perform power analysis.  This will allow us to determine ideal sample sizes using the proper number of mice.
Regarding replacement, we use mice in our studies.  Mice are less sentient and lower on the phylogenic scale, while still being translational to humans.  Whenever possible, we perform experiments in our immortal hypothalamic GT1-7 cell line to generate preliminary data.  This helps us determine unsuccessful experiments without using any mice, as well as identifies the experiments that have a high chance of success when translated to mice.

We will utilize most experimental mice to collect the samples, and therefore reduce the number of animals. In addressing the “three Rs” we have considered multiple strategies to refine the experiment. We will use analgesia such as meloxicam pre- and post-surgically to limit post-surgical pain. We will also provide thermal support pre-op and post-op and fluid support as needed post operatively. We will provide postop analgesia. Mice will be monitored every 15 min for 1 hours after the surgical procedures for signs of pain or distress, neurologic abnormalities, we will use appetite, locomotion activity, body temperature, and respiratory rate as additional parameters. If the mice still show signs of pain or infection (reduced motility, ruffled hair coat, lethargic, hunched), they will be euthanized, and cardiac perfusion will be performed.  

C. Hazardous Agents
1. Protocol related hazards (chemical, biological, or radiological):
Please indicate if any of the following are used in animals and the status       of review/approval by the referenced committees:  
	HAZARDS
	Oversight Committee
	Status (Approved, Pending, Submitted)/Date
	AUP Appendix I Completed?

	Radioisotopes
	Radiation
	Click here to enter text.	Choose an item.
	Ionizing radiation
	Radiation
	 Click here to enter text.
	  Choose an item.

	Infectious agents (bacteria, viruses, rickettsia, prions, etc.)
	IBC
	 Click here to enter text.
	  Choose an item.

	Toxins of biological origins (venoms, plant toxins, etc.)
	IBC
	 Click here to enter text.
	  Choose an item.

	Transgenic, Knock In, Knock Out Animals---breeding, cross breeding or any use of live animals or tissues
	IBC
	 10/4/2019
	  yes

	Human tissues, cells, body fluids, cell lines
	IBC
	 Click here to enter text.
	  Choose an item.

	Viral/Plasmid Vectors/Recombinant DNA or recombinant techniques
	IBC
	 Lenti and AAV virus
 ASO                                      Leptin 
Insulin
TTX                                         STZ
Recombinant alpha klotho
Anti-alpha klotho
Mock IgG
Approved on 10/4/2019

	  yes

	Oncogenic/toxic/mutagenic chemical agents
	EH&S
	10% Formalin approved 10/22/18
Wortmannin-approved 10/4/19
STZ  - 9/25/19
Lithium Chloride – 9/25/19
PD173074 – 9/25/19
TTX – 9/25/19

	  Yes

	Nanoparticles
	EH&S
	 Click here to enter text.
	  Choose an item.

	Cell lines, tissues or other biological products injected or implanted in animals
	DCM
	  α-klotho approved on 10/4/2019
Anti-α -klotho, Mock IgG (contact DCM for testing) 
	  Yes

	Other agents
	 
	 Click here to enter text.
	  Choose an item.




2. Incidental hazards
Will personnel be exposed to any incidental zoonotic diseases or hazards during the study (field studies, primate work, etc)?  If so, please identify each and explain steps taken to mitigate risk:      
Click here to enter text.

III. Animals and Housing

A. Species and strains:     
Mice C57Bl/6, FVB, 129, and mixed background: wild type or genetically-modified as listed below:
C57BL/6 mouse (JAX Stock No: 000664)
Ob/Ob mouse (JAX Stock No: 000632)
AgRP-Cre ERT2, FGFR1 floxed mouse
POMC-Cre ERT2, FGFR1 floxed mouse
AgRP-Cre, Foxo-1 GFP floxed mouse
POMC-Cre, Foxo-1 GFP floxed mouse
AgRP-Cre, tdtomato floxed mouse
POMC-Cre, tdtomato floxed mouse
AgRP-Cre, tdtomato floxed and Foxo-1 GFP mouse
POMC-Cre, tdtomato floxed and Foxo-1 GFP mouse
NPY-GFP reporter mouse JAX:006417
POMC-GFP reporter mouse JAX:009593

C57BL/6 mouse is the most widely used experimental mouse strain and susceptible to diet-induced obesity, type 2 diabetes, therefore, it is a great animal model to study obesity and diabetes. 
NPY-GFP reporter mouse and POMC-GFP-Reporter mouse are transgenic mouse models which express Green Fluorescent Protein (GFP) under control of the mouse NPY or POMC promoter, respectively. This will make NPY neurons or POMC neuron visible under a fluorescence microscopy.	


B. Weight, sex and/or age:   
1d – 36months of age, male or female
      C.  Animal numbers:
1. Please complete the following table: 
	Total number of animals in treatment
and control groups 
	Additional animals
(Breeders, substitute
animals)
	Total number of animals used for this project

	3120	90
	3210



2. Justify the species and number (use statistical justification when possible) of animals requested:    
Mice are the least sentient species that can provide a suitable model to study whole body physiology. There are no other animal models better characterized, easier to handle, more widespread, and possess reasonably comparable biology to humans. Among mammalian species, mice are most amenable to genetic engineering and manipulation. An infrastructure to generate and study genetically-modified mice simply does not exist at the same scale or sophistication for other animals. Genetically manipulated mice are the standard species for studying human metabolic disorders including insulin resistance, obesity and Type 2 Diabetes.
Estimates of the number of animals required are based on a dataset of N=10 for each experimental group including WT/KO, and/or male/female, derived from power analyses and PI’s previous experience. Because 1) multiple testing may alter physiology and 2) hypothalamus is small, not all analyses can be performed from a single animal. We therefore estimate that a total of N=40-60 animals will be required for each experimental group. 
3. Justify the number and use of any additional animals needed for this study:  

a. For unforeseen outcomes/complications:   
We expect no overt phenotype that results in animals’ premature death.
b. For refining techniques:        
Ten mice each for three techniques for each of three prospective trainees.
c. For breeding situations, briefly justify breeding configurations and offspring expected:      
See  separate AUP P100 for mouse breeding
d. Indicate if following IACUC tail snip guidelines: Yes
   (if no, describe and justify)       
Click here to enter text.
4. Will the phenotype of mutant, transgenic or knockout animals predispose them to any health, behavioral, physical abnormalities, or cause debilitating effects in experimental manipulations?  Yes  (if yes, describe)    
AgRP or POMC specific FGFR1 knockout mice will likely experience hyperglycemia, hyperphagia, and weight gain.  
5. Are there any deviations from standard husbandry practices? Yes   
If yes, then describe conditions and justify the exceptions to standard housing (temperature, light cycles, sterile cages, special feed, prolonged weaning times, wire-bottom cages, etc.):      
Some groups of animals will be fed with high-fat diet, ad lib (4 to 8 weeks). These special diets are designed to induce metabolic stress, like type II diabetes, that is of interest to our research.  It also may require additional cage change if the diabetic phenotype is more severe than expected. For some mice, water regulation is required for CTA test.   
6.  The default housing method for social species is pair or group housing (including mice, rats, guinea pigs, rabbits, dogs, pigs, monkeys).  Is it necessary for animals to be singly housed at any time during the study?
Yes  (If yes, describe housing and justify the need to singly house social species):      
Intracerebroventricular (i.c.v). cannulation is a procedure that requires single housing to prevent mice from damaging each other’s cannula on the head. i.c.v. cannulated animals might need to be housed in a bigger mouse cage with enough clearance to prevent the cannula from contacting the cage lid/food hopper, but mice will still be able to reach food and water. Cannulas that make repeated contact with low clearance cage lid/food hopper may become caught or damaged and result in injury to the animal. Some i.c.v. animals need to be kept single housed for additional food intake and metabolic rate measurements.
7.  Are there experimental or scientific reasons why routine environmental enrichment should not be provided?  Yes
(If yes, describe and justify the need to withhold enrichment)    
The standard enrichment PVC tube and ring must be removed for mice that receive ICV cannula implants so that the cannula is not dislodged. Crinkle nest paper and Kim wipes can be used as alternative enrichment for these mice.
8.  If wild animals will be captured or used, provide permissions (collection permit # or other required information):    
N/A
9.  List all laboratories or locations outside the animal facility where animals will be used.  Note that animals may not stay in areas outside the animal facilities for more than 12 hours without prior IACUC approval.  For field studies, list location of work/study site.      
Click here to enter text.


IV. Animal Procedures


A. Outline the Experimental Design including all treatment and control groups and the number of animals in each.  Tables or flow charts are particularly useful to communicate your design. Briefly state surgical plans in this section.  Surgical procedures can be described in detail in IV.S.    
	Line
	Chow diet
	High-fat diet
	High-fat diet with exercise
	
	Total Mice for 3 years

	AgRP-CreERT2-FGFR1 Floxed
	60/60 (WT/KO)
	60/60
(WT/KO)
	30/30
(WT/KO)
	
	300

	POMC- Cre ERT2- FGFR1 floxed
	60/60
(WT/KO)
	60/60
(WT/KO)
	30/30
(WT/KO)
	
	300

	AgRP-Cre ERT2- Flox1-GFP 
	60/60
(WT/KO)
	60/60
(WT/KO)
	30/30
(WT/KO)
	
	300

	POMC-Cre ERT2- Flox1-GFP

	60/60
(WT/KO)
	60/60
(WT/KO)
	30/30
(WT/KO)
	
	300

	AgRP-Cre, tdtomato floxed mouse
	40/40
(Male/Female)
	40/40
(Male/Female)
	40/40
(Male/Female)
	
	240

	POMC-Cre, tdtomato floxed mouse
	40/40
(Male/Female)
	40/40
(Male/Female)
	40/40
(Male/Female)
	
	240

	AgRP-Cre, tdtomato floxed and Foxo-1 GFP mouse
	40/40
(Male/Female)
	40/40
(Male/Female)
	40/40
(Male/Female)
	
	240

	POMC-Cre, tdtomato floxed and Foxo-1 GFP mouse
	40/40
(Male/Female)
	40/40
(Male/Female)
	40/40
(Male/Female)
	
	240

	C57Bl/6
	150/90
(Male/Female)
	140/140
(Male/Female)
	40/40
(Male/Female)
	
	600

	Ob/Ob
	40/40
(Male/Female)
	40/40
(Male/Female)
	40/40
(Male/Female)
	
	240

	NPY-GFP mice
	20/20
(Male/Female)
	
	
	
	40

	POMC-GFP mice
	40/40
(Male/Female)
	
	
	
	80

	Total
	
	
	
	
	3120



[image: ]
Table 1 is provided as a general outline of the interventional studies we are likely to conduct and the number of animals we will use in the coming three years based on the number of personnel the laboratory is expected to employ and the general pace of studies. The exact design of any one particular study depends on a number of factors that are impossible to predict, including 1) findings from the previous study, 2) new data from the literature, 3) the development of new tools to study hypothalamus physiology ex vivo. AUP will be submitted as an amendment for “prior” comment/review “and approval” by the committee. Many of the experiments do not involve an animal intervention but simply require harvesting hypothalamus and other organs. As part of the annual review, we will provide a summary of major studies that have taken place during the previous year. All procedures relevant to animal use are as described below or as described in the standard operating procedures. We are mitigating stress for certain procedures (treadmill exercise, i.p. injections) by pre-acclimating the animals to handling and the equipment for several days prior to the procedures and having defined endpoints and alternating injection sites. Any study that requires the use of a new strain or procedure not covered in the current AUP will be submitted as an amendment for comment/review by the committee. The orange color represents the C57BL/6 and ob/ob mice; the green color represents the AgRP-CreERT2-FGFR1 Floxed and POMC- Cre ERT2- FGFR1 floxed mice; the blue color represents AgRP-Cre ERT2- Flox1-GFP and POMC-Cre ERT2- Flox1-GFP mice; the yellow color represents AgRP-Cre, tdtomato floxed mice and POMC-Cre, tdtomato floxed mice; the light blue color represents AgRP-Cre, tdtomato floxed and Foxo-1 GFP mice and POMC-Cre, tdtomato floxed and Foxo-1 GFP mice.
[image: ]High Fat Diet: Diet intervention will typically last between 4 to 12 weeks. Whole-body phenotype on these mice are assess in vivo, using techniques such as GTT, ITT, blood collection (tail bleed), indirect calorimetry, locomotor activity, lean mass and adiposity.  Each of these tests will be performed with 3 to 7 days intervals. After whole-body phenotyping, mice will be appropriately anesthetized, tissues harvested, and mice euthanized.
[bookmark: _Hlk529281653][bookmark: _Hlk529275933]
Glucose tolerance test (GTT):
The 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice will undergo GTT by i.p. injection of glucose at 1g/kg body weight in sterile saline. Mice are familiarized with handling for several days prior to performing the test and acclimated to the testing room. Following 12-h fast, glucose will be administered, and glucose values are measured using a Glucometer from a drop of tail blood (<5 ul) obtained from a nick to the tail. 12 hours fasting is used to ensure stabilization of fasting blood glucose levels. Subsequent blood samples after 15, 30, 60 and 120 min are obtained by gently removing the scab. The total amount of blood obtained is less than 25 ul (<2.5% of total blood in 30 g mouse). In some experiments, 15 ul of blood may be collected at 30 min time point for the measurement of circulating insulin (a.k.a. insulin @ 30 min GTT). The mice remain in their cage for the entire test, including blood sampling. Minimal restraint is required (holding tail) and each sample is typically completed within 10 seconds. This minimizes stress, critical to assessing glucose and insulin tolerance. Mice are returned to their original cages and allowed to resume ad lib feeding. Typically, GTTs are only performed once at the end of diet intervention.

Insulin tolerance test (ITT)
[bookmark: _Hlk20299947]The 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice will undergo ITT by i.p. injection of insulin at 0.5-1unit/kg body weight. Mice are familiarized with handling for several days prior to performing the test and acclimated to the testing room. Following 4 h fast, glucose is administered, and glucose values are measured using a Glucometer from a drop of tail blood (<5 ul) obtained from a nick to the tail. Subsequent blood samples after 15, 30, 60 and 120 min are obtained by gently removing the scab. The total amount of blood obtained is less than 25 ul (<2.5% of total blood in 30 g mouse). In some experiments, 15 ul of blood may be collected at 30 min time point for the measurement of circulating insulin (a.k.a. insulin @ 30 min GTT). The mice remain in their cage for the entire test, including blood sampling. Minimal restraint is required (holding tail) and each sample is typically completed within 10 seconds. This minimizes stress, critical to assessing glucose and insulin tolerance. Mice are returned to their original cages and allowed to resume ad lib feeding. Typically, ITTs are only performed once at the end of diet intervention.


Treadmill
The 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice will undergo treadmill exercise. Once acclimatized, mice will perform treadmill exercise with ease. Both in low-intensity and high-intensity exercise testing mice will be run until exhaustion (defined as remaining on the end of the treadmill for five consecutive seconds). After the exhaustion/completion of exercise testing, mice will be returned to their original cages. Mice will be continuously monitored and any animal experiencing injury will be removed from the treadmill, returned to their cage and studied later once the injury is deemed healed by veterinary staff. If a mouse won’t run or has trouble running without reaching exhaustion (e.g.- because of genotype), the observation will be noted, and the mice will not be further tested on the treadmill. Treadmills disinfection is done per approved SOP.

Blood collection
For measure circulating hormones/factors concentrations in multiple animal models that undergoes treatments with alpha-klotho/AAV alpha klotho, anti-alpha klotho/ASO alpha klotho, mock IgG, the 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed will be undergoing blood drawing after an overnight fast before and after the experiments. Tail blood is drawn with a nick to the tail. A maximum of 30 ul blood is collected at once. Blood drawing typically occurs at the beginning and end of diet intervention, at least one week prior to GTT or ITT. 
[bookmark: _Hlk532387600]Cerebrospinal Fluid (CSF) collection:
The 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice’s CSF sample will be taken after an overnight fast. CSF will be drawn under anesthesia by using sterile capillary tube. Pre-emptive and post procedure analgesic will be administered. Briefly, the mice will be anesthetized by Ketamine (100mg/kg) and xylazine (10mg/kg), administered intraperitoneally, the skin of the neck will be shaved, skin prepared, and a sagittal incision of the skin is made inferior to the occiput. Under the dissection microscope, the subcutaneous tissue and muscles (m. biventer cervicis and m. rectus capitis dorsalis major) will be separated by blunt dissection with forceps. Under the dissection microscope, the dura mater of the cisterna magna appears as a glistening and clear reverse triangle through which the medulla oblongata and a major blood vessel (arteria dorsalis spinalis), and the CSF space will be visible, the dura mater will be blotted dry with sterile cotton swab. Penetrate the capillary tube into the cisterna magna through the dura mater, lateral to the arteria dorsalis spinalis. Following a noticeable change in resistance to the capillary tube insertion, the CSF flows into the capillary tube. Carefully remove the capillary tube and connect it to a 3 ml syringe, inject the CSF into a pre-marked 0.5 ml eppendorf tube, and freeze the tube immediately on dry ice and then transfer it into a -80°C freezer. Skin incision will be closed with either 4-0 to 6-0 non-absorbable suture. A maximum of 4 ul CSF is collected twice with 2 months between the collections. The site of collection will be held at ECHI animal procedure room 4313 C under a sterile condition. CSF drawing typically occurs at the beginning and the end of diet intervention. At least 1-2 weeks healing and recovery time will be allowed before ICV surgery. Each time, no more than 4 ul CSF will be collected. 

Metabolic cages (indirect calorimetry and locomotor activity)
The 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice will be measured for energy expenditure by an Indirect calorimetry, a noninvasive determination of metabolic rate (oxygen consumption and carbon dioxide production) in metabolic cages by TSE Systems currently located at Brody GW57). This system has been validated to accurately reflect metabolic rate in mice. The technique is noninvasive, consisting of merely placing a single animal in a plexiglass chamber encased mouse cage, allowing ad lib feeding and free movement. The motion sensor also allows for the measurement of locomotor activity. We routinely acclimate animals to the machine by placing them in the chamber for two consecutive days prior to two days of data collection. Mice are then returned to their normal housing. This data will be collected at least 2 weeks before the end of experiment.

Noninvasive determination of body composition
The 10 mice from each group of C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice are studied using an Echo MRI machine (located at Brody GW57). The device allows an animal to be studied serially (single mouse per measurement). Mice are positioned in a standardized posture and imaged. The scanning takes approximately 5 min and provides lean and fat mass data. We will follow the SOP for use/cleaning of the Echo MRI.

Cardiac Perfusion
[bookmark: _Hlk533065142]The 6 of each C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice will be anesthetized using Ketamine (100mg/kg) and xylazine (10mg/kg BW, i.p. and perfused transcardially with 0.9% saline followed by 10% neutral buffered formalin (for immunohistochemistry (IHC) and/or in situ hybridization histochemistry purposes. The brains will be excised and then post-fixed in 10% neutral buffered formalin, and cryoprotected in 20% sucrose in PBS. This procedure will be performed in a chemical fume hood at the end of experiment.
Amendment #2 Ketamine has been shown to alter neuronal activity (Kavalali et. al. 2012) which could confound our data. As an alternative to ketamine we will put mice under deep anesthesia using isoflurane an isoflurane vaporizer and maintain anesthesia throughout the procedure using a nose cone isoflurane vaporizer. Briefly, the mouse will be placed in container connected to an isoflurane vaporizer and once deep anesthesia is reached (determined by very slow respiratory rate and lack of toe-pinch reflex), we will begin the procedure (described above). Throughout the procedure, the mouse will be connected to a nose cone isoflurane vaporizer. Note the procedure occurs in a fume hood and only takes a couple of minutes. This is a terminal procedure.

Stereotaxic surgery
1: i.c.v cannulation, injection and infusion
The 10 of each group for C57BL6, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice, and POMC/AgRP Cre with Foxo-1 GFP mice will undergo this procedure. All procedures for this surgery will be performed as aseptic techniques, i.e. using sterile gloves, a facemask, head cover and clean gowns. All instruments will be autoclaved, and the bench disinfected and covered with a disposable drape. The surgical site will be shaved, prepared with betadine scrub and wiped with alcohol. During and after surgery thermal support will be given to animals. For cannulation implantation, pre-emptive analgesic will be administered, and anesthesia will be induced and maintained by Ketamine (100 mg/kg, i.p) and Xylazine (10 mg/kg, i.p). An incision (2cm) will be made in the skin overlying the skull and skull surface exposed. The lateral ventricle will be localized using coordinates obtained for Paxinos Atlas “The mouse brain in stereotaxic coordinates”. A small hole will then be drilled into the skull at the location of the lateral ventricle to expose the brain surface. We will then place a sterile guide cannula using a stereotaxic apparatus into this area. This will be done one week prior to the injection (α-klotho for wild type and POMC-Cre: FGFR1 floxed as well as AgRP-Cre: FGFR1 Floxed mice, and 6 mice per each group will be received i.c.v α-klotho injection). The guide cannula is a small metal tube placed a short distance into the brain which protrudes 1-2 cm above the skull. It is protected from damage by a short plastic cylinder. The cannula will be fixed onto the skull with an instant adhesive (Loctite 454). Afterwards, the edges of the incision will be re-apposed and will be secured in place with suture.  Animal will be housed in the regular cages used in ECDOI animal facility. There is enough distance between the cage lid and the cannula tube such that the tube does not hit against the cage lid.

For mini osmotic pump infusion, after at least a week recovery from the surgery to stabilize the experimental animal conditions, an incision (2cm) will be made in the skin of neck then a mini-osmotic pump (Alzet, Cupertino, CA) will be implanted subcutaneously in the interscapular area, under sterile conditions in accordance with manufacturer's instructions. Pumps having a mean flow rate of 0.25 μl/h will be connected to the implanted cannulas via a catheter for ICV infusion with α-klotho or artificial CSF. If necessary, Lactated Ringers Solution (10ml/kg/hr) will be given s.c. to the animals. Animals will be monitored until fully awake and housed separately in clean cages in a warm, quiet environment. For 48 hours following ICV surgery a small sterile injection cannula will be inserted into the guide cannula. This injection cannula will protrude a few millimeters beyond the end of the guide cannula into the brain. Though this insertion penetrates the brain, the process is painless since the substance of the brain contains no nerves capable of sensing pain. After injection, a cap will be placed to the top of cannula, so that nothing can get into brain.
Animals will survive 6 hrs to 30 days (depending on the experimental paradigm, for instance, food intake, metabolic ratio, locomotion activity measurement) following alpha-klotho infusion and then they will be euthanized by CO2 inhalation.  POMC-Cre: FGFR1 floxed as well as AgRP-Cre: FGFR1 Floxed mice will be used for this surgery in ECDOI animal facility. Each group needs to use at least 40 mice. So, for this surgery, maximum number will be 40. Some of mice will be undergo exercise training before the surgery, and after surgery, all mice will undergo food intake measurements, GTT and ITT, metabolic ratio (energy expenditure) and locomotion activity measurements.

The flow chart reflects additional procedures that are described below

Table 2: 
[image: ]


ICV treatment with anti-α-klotho antibody. 
Our lab has successfully demonstrated that ICV α-klotho treatment in diet-induced obesity mice suppresses food intake, increases energy expenditure, improves glucose regulation, and overall attenuates the progression of metabolic disease.  While these results illustrate encouraging effects of a “gain of function” central α-klotho model, it is important to determine the results of inhibiting the central activity of α-klotho.  By inhibiting central α-klotho we can determine its importance in the brain regarding energy balance and glucose homeostasis.  Results from these experiments will shed new light into the mechanisms and pathophysiology underlying metabolic disease.  By using the proposed anti-α-klotho antibody as an ICV treatment, we can preferentially inhibit centrally circulating α-klotho, a technique published by a leader in our field.  While We cannot confirm the source of the antibody is free of any excluded murine pathogen, we will pay all necessary attention and action to monitor the mice that will be received this antibody injection. The reviewers contacted bio-techne, they indicated that the antibody is sourced in rats but that testing for rodent pathogens was not done. We will contact DCM for assistance in getting a third party to conducting testing for excluded rodent pathogens.
As mentioned before, we have demonstrated ICV α-klotho to suppress feeding in diet induced obesity mice.  We use a diet induced obesity to investigate the therapeutic potential of α-klotho in a type II diabetes model.  Furthermore, α-klotho concentrations have been shown to be impaired in humans suffering from metabolic disease.  Our goal is to use this model to illustrate the physiological role of α-klotho in the cerebrospinal fluid.  Our hypothesis is that α-klotho inhibits neuron populations involved in food seeking behavior, however it is important to determine that this suppression in food intake is not due to adverse health consequences.  While our data suggests that post-operation and α-klotho treated mice are healthy (mice return to pre-surgery weight about one week after cannulation and α-klotho treated mice trend to preferentially lose fat mass while maintaining lean mass), additional, more objective testing is often required to satisfy higher-impact journals.

Taste aversion tests are often performed in animal models, including mice, to validate that a treatment is not having negative health consequences.  These tests involve presenting mice with something new, like a saccharin water solution, directly before administering a treatment of interest.  If the treatment has any adverse health outcomes, the mice will create an association between the new thing (ie saccharin) and the adverse health outcome.  As a result, in the future, the mice will avoid the “saccharin solution” (hence the taste aversion). A strength of these experiments is that it provides an objective, quantifiable measure of adverse health outcomes compared to some other more subjective measures like animal appearance, grooming, reactivity, etc. Therefore, to exclude the possibility that α-klotho or anti-α-klotho-induced feeding behavior may be caused by general adverse effects of the recombinant protein or antibody injection, mice will be subjected to a conditioned taste-aversion test (CTA) to rule out the possibility that α-klotho induced CTA. More specifically, Mice will be habituated to 2 h daily access to water for 3 days. On day 4, mice will be given access to a 0.15% saccharin solution-filled bottles during the 2-hour period.  Mice have been shown to enjoy and greatly prefer saccharin (sweet-flavored) water. Immediately following the 2-h exposure of water bottles containing 0.15% saccharin, mice will be divided into 4 groups, 1) injections of i.p. saline followed by ICV saline; 2) i.p. lithium chloride (127 mg/kg; Sigma) followed by ICV saline; 3) i.p. saline followed by ICV α-klotho (2 ug); 4) i.p. lithium chloride (127 mg/kg; Sigma followed by ICV α-klotho (2 ug). A week After surgery for ICV cannulation, an injector (Internal cannula) will be directly inserted the pre-implanted cannula enabling it to penetrate to a consistent depth and transfer compound of interest. This procedure does not require anesthetize but light manually hand restrain to help connect the injector. Anesthesia is not required to implant the cannula. After injections, a two-bottle choice test (one container saccharin and one containing water) will be conducted for 24 hours. The preference ratio will be calculated as the intake of saccharine solution/total intake of water and saccharine solution. After sacrifice the mice, the gastrointestinal system will be verified to rule out the possibility of α-klotho induced damages. This protocol provides objective data validating that treatments used do, or do not, provide general adverse effects. This is an important determination, especially considering the therapeutic potential we have observed central α-klotho to have regarding treatment of metabolic disease.
Experimental timeline 
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5  

	Acclimatization
	Acclimatization
	Acclimatization
	CTA test with lithium chloride, Saline, α-klotho injections
	Water intake measurement, animal termination



Streptozocin induced diabetic mouse model
Treatment with intraperitoneal injection of streptozocin is the gold standard for inducing oxidative damage and simulating type I diabetes.  By using this model, we can determine the therapeutic potential of α-klotho regarding type I diabetes and shed light into novel mechanisms underlying this disease. We will do this by comparing the effects of α-klotho on glucose regulation, body weight, and food intake in STZ treated mice compared to saline controls. Briefly, after 1 week of recovery from the surgery for cannula implantation, STZ (Sigma-Aldrich Cat#S0130) will be injected intraperitoneally in forty C57BL/6 and NPY-GFP mice at 50-100 mg/kg (3-7 days injections) (From our preliminary data,  3-4 days of injections is best in males, however, females are more resistant to STZ induced diabetes and may need more injections to induce hyperglycemia and characteristic diabetic symptoms. Furthermore, our NPY-GFP mouse model is resistant to STZ induced hyperglycemia from our preliminary data, thus, we will perform pilot studies to determine the best dosage and time duration for C57BL/6 female and NPY-GFP mouse model and will update to IACUC the results). Health conditions will be closely monitored twice a day following STZ injection, blood glucose will be measured to assess the extent of STZ-induced diabetes. After up to 1-week of STZ injection, forty experimental mice will be divided into 2 groups with 20 mice per group: group-1, artificial CSF i.c.v. infusion; group 2, α-klotho infusion. Animals will be given free access to food and water for the duration of the 2-week study. Food intake and body weight will be monitored daily. Blood will be taken once before and once after the experiment. After up to 1 week of treatment, a glucose tolerance test will be performed by using intraperitoneal injection of 1.0 mg glucose per gram body weight after an overnight fast. At days 14, half of mice (n=10) will be sacrificed, all mice will be perfused and fixed, the whole brain will be isolated for further analysis., and the other half of mice (n=10 ) will be sacrificed by cervical dislocation after anesthesia, all metabolic organs (Hypothalamus, skeletal muscle, liver, epididymal white adipose tissue (EWAT), inguinal white adipose tissue (IWAT), brown adipose tissue will be removed for further gene and protein expression analysis. 
Experimental timeline
	Week 1
	Week 2
	Week 3
	Week 4

	Cannulation
	STZ injection
	Saline/α-klotho injection, GTT
	Saline/α-klotho injection, Tissues collection



Temperature Microchip
Body temperature is a valuable parameter in determining the energy expenditure of laboratory animals. Traditionally, the rectal thermometry is the most widely used means of temperature measurement in mice. However, limitations of this procedure are its time-consuming application and distress to animals, which may cause an increase in core temperature, leading to a misinterpretation of the animal’s physiological state. More recently, subcutaneous implantable telemetry transponder system for core temperature probing have become a reliable alternative and are widely considered best practice. We would use the UCT-2112 Temperature Microchip from UI devices to record core body temperatures as a readout to determine the effects of central α-klotho treatments.

The Mock IgG (Negative Control IgG) is great for use as a negative control rather than saline with mouse specific antibodies. Therefore, we would like to add Mock IgG to compare with anti- α-klotho treatment in C57BL/6 male and female mice.

Adeno-associated virus (AAV), is an efficient vector for transgene expression in vivo and shows promise for treatment of brain disorders in both animal studies and clinical trials. This tool will enable us to investigate the effect of over-expressed α-klotho only in central nervous system of DIO and STZ mice to determine the central metabolic role of α-klotho.  (In the grant, we proposed the use of AAV or Lenti-virus. At this time, we will use AAV and not the Lenti-virus. If Lenti-virus use is deemed necessary as an alternative treatment, an amendment will be submitted prior to use.) 

Anti-sense oligonucleotides (ASO) is a tool that is used for the inhibition of gene expression. The principle behind it is that an antisense nucleic acid sequence base pairs with its complementary sense RNA strand and prevents it from being translated into a functional protein. We will use ASO- α-klotho as alternative approach to investigate the loss-function of α-klotho.

ICV α-klotho injection in different dosages
We have previously shown positive effects of ICV α-klotho injection on body weight, energy
expenditure and glucose profile compared to saline treated controls in a high fat diet induced obese mouse model. We have chosen to use α-klotho at 2 ug/mouse for the preliminary study because there was no previous report of ICV α-klotho dose in mice. Therefore, we plan to perform a pilot study to determine the most effective, physiological dose of α-klotho (1ug, 0.5ug, and 0.1ug/mouse) in central nervous system in HFD treated C57BL6 mice. The 2 ug/mouse is a high dose that we tested for the effectiveness of α-klotho, however to obtain more physiological relevant dosage, we would like to reduce the 2ug/day to 1ug, 0.5ug, and 0.1ug/day to investigate the effects of α-klotho regarding the metabolic roles in CNS.

Leptin injection
Leptin is a hormone that is produced by the fat tissue and acts on the brain. Leptin plays a key role in regulating energy balance and body weight in animals and in humans. IP injection of Leptin could provide insight information of leptin signaling in central nervous system, such as JAK2-STAT3 pathway in hypothalamus, we will inject 4mg/kg leptin in animal that either received alpha-klotho or saline treatments in multiple mouse models to determine whether alpha klotho has a leptin sensitizer property.

NPY-GFP or POMC GFP-reporter mouse models.
We would like to perform ICV treatment with α-klotho in NPY-GFP or POMC GFP-reporter mouse models.  Our lab has successfully demonstrated that ICV α-klotho treatment in diet-induced obesity mice suppresses food intake, increases energy expenditure, improves glucose regulation, and overall attenuates the progression of metabolic disease.  It is important to determine the specific targeting neuron for central α-klotho administration.  By determining the responsive neurons in CNS by central α-klotho, we can investigate the neuronal mechanism in the CNS regarding energy balance and glucose homeostasis.  Results from these experiments will shed new light into the mechanisms and pathophysiology underlying metabolic disease.  By using the proposed NPY-GFP or POMC GFP-reporter mouse models, we can selectively investigate the activity of these neurons by centrally α-klotho treatment. (In the grant, we proposed the use of TTX injection as an alternative in NPY-GFP or POMC GFP-reporter mice and AgRP/POMC Cre-FOXO1-GFP mice. At this time, we will use TTX only ex vivo, an amendment will be submitted prior use if it is needed.)

Wortmannin treatment
We would like to perform ICV treatment with PI3K inhibitor, Wortmannin. We hypothesize that PI3K is critical to hypothalamic α-klotho function to suppress food intake and regulate glucose metabolism. To reduce animal use and stress, we have performed cell culture experiments that strongly support this hypothesis. The next step is to investigate the role pf PI3K in vivo by co-treating ICV α-klotho with PI3K inhibitor, Wortmannin to potentially abolish the central α-klotho’s effects. ICV Wortmannin has been investigated previously, in mouse, the effective protocols are already established (1-3). Completion of these experiments will provide novel insight into the pathophysiology of obesity and metabolic disease and shed light on possible future pharmacological interventions.

PD173074 treatment
We hypothesize FGFR1 is critical to hypothalamic αklotho function to suppress food intake and regulate glucose metabolism.  To reduce animal use and stress we have performed cell culture experiments that strongly support this hypothesis.  The next step is to investigate the role of FGFR1 in vivo by cotreating ICV αklotho with FGFR1 inhibitor PD173074 to potentially abolish αklotho’s effects.  ICV PD173074 has been investigated previously, in rodents so effective protocols are already established (4-6).  Completion of these experiments will provide novel insight into the pathophysiology of obesity and metabolic disease and shed light on possible future pharmacological interventions.
In sections IV.B-IV.S below, please respond to all items relating to your proposed animal procedures.  If a section does not apply to your experimental plans, please leave it blank.

Please refer to DCM and IACUC websites for relevant guidelines and SOPs.

B. Anesthesia/Analgesia/Tranquilization/Pain/Distress Management For 
For all procedures, provision of pre-emptive (pre-procedural) analgesia is required, unless specifically exempted by DCM veterinarians.  For major survival surgical procedures and extensive non-surgical procedures requiring anesthesia, post-procedural analgesia must be provided for a minimum of 3 full days following anesthetic recovery, unless specifically exempted by DCM veterinarians. Analgesic administration should be continued for at least 1 full day following recovery from minor surgical and non-surgical procedures.   Please contact DCM veterinary staff for recommendations and guidance when formulating anesthetic regimens.  
Adequate records describing anesthetic monitoring and recovery must be maintained for all species. Please see Guidelines for Intra-operative and Intra-procedural Monitoring on the IACUC website.

If anesthesia/analgesia must be withheld for scientific reasons, please provide compelling scientific justification as to why this is necessary:     
N/A

1.  Describe the pre-procedural preparation of the animals:     
a. Food restricted for  0 hours
b. Food restriction is not recommended for rodents and rabbits and must be justified:    
    
       c. Water restricted for 0 hours   
d. Water restriction is not recommended in any species for routine pre-op    prep and must be justified:      


2. Anesthesia/Analgesia for Procedures Other than Surgery
 
	 
	Agent
	Dose (mg/kg or %)
	Volume
	Route
	Frequency
	Number of days administered

	Pre-operative analgesic
	
	
	
	
	
	

	Pre-anesthetic
	 Click here to enter text.
	Click here to enter text.	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.

	Anesthetic
	 Click here to enter text.
	 Click here to enter text.
	  
	 Click here to enter text.
	
	  

	Anesthetic
	  
	
	 Click here to enter text.
	
	 Click here to enter text.
	  

	Post-operative Analgesic
	     
	 Click here to enter text.
	     
	         
	 Click here to enter text.
	 Click here to enter text.

	Other
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.





3. Reason for administering agent(s):     
Click here to enter text.
4. For which procedure(s):        
Click here to enter text.
5. Methods for monitoring anesthetic depth:  
Click here to enter text.
6. Methods of physiologic support during anesthesia and recovery:     
Click here to enter text.
7. Duration of recovery:      
Click here to enter text.
8. Frequency of recovering monitoring:     
Click here to enter text.
9. Specifically what will be monitored?    
Click here to enter text.
10. When will animals be returned to their home environment?     
Click here to enter text.
11. Describe any behavioral or husbandry manipulations that will be used to alleviate pain, distress, and/or discomfort:     
Click here to enter text.


C.  Use of Paralytics   

1. Will paralyzing drugs be used?  No
2. For what purpose:     
Click here to enter text.
3. Please provide scientific justification for paralytic use:     
Click here to enter text.
4. Paralytic drug:    
Click here to enter text.
5. Dose:     
Click here to enter text.  
6. Method of ensuring appropriate analgesia during paralysis:     
Click here to enter text.




D.  Blood or Body Fluid Collection
1. Please fill out appropriate sections of the chart below:    
	 
	Location on animal 
	Needle/catheter size
	Volume collected
	Frequency of procedure 
	Time interval between collections

	Blood Collection
	Tail Vein
	 25G
	 5ul (GTT), 15ul (insulin @30min GTT) or 30ul for hormones, 5 ul for glucose
	 5ul per GTT/ITT, 1 for hormones. At least 1 week apart. 5 ul 24 hours for diabetic state assessment
	 0, 15, 30, 60 and 120 min for GTT/ITT. One day for hormones, once per 24 hours

	Body Fluid Collection
	 CSF
	 Microcapillary tube 
	 4 ul
	 Once per 2 months. At least 2 months apart. 
	 8ul in 2 months

	Other
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.



E. Injections, Gavage, & Other Substance Administration
1. Please fill out appropriate sections of the chart below:
	 
	Compound
	Location & Route of admin
	Needle/catheter/gavage size
	Max volume admin
	Freq of admin (ie two times per day)
	Number of days admin (ie for 5 days)
	Max dosages (mg/kg)

	Injection/   Infusion 
	Glucose	I.P.  
	30 gauges                	400ul  
	Once        	1 day
	1g/kg BW for glucose
	Injection/   Infusion 
	human regular insulin	I.P.   
	30 gauges	400ul 
	Once         	1 day 
	 1U/kg BW 
	Injection/   Infusion 
	Recombinant α-klotho	ICV  
	 Via osmotic pump catheter               	2ul/mouse for α-klotho
	Continuously via pump catheter         	Up to 12 days for  α-klotho 
	14ug for α-klotho
	Injection/   Infusion 
	Artificial CSF	ICV 
	 Via osmotic pump catheter                        	2ul/mouse for artificial CSF  
	Continuously via pump catheter	Up to 12 days for Artificial CSF.
	14ug for artificial CSF
	Injection/   Infusion 
	 Anti-α-klotho antibody
lithium chloride
 streptozotocin

Glucose

Mock IgG

AAV- α-klotho

ASO- α-klotho
     Wortmannin dissolved in DMSO
                                       
DMSO alone

  Leptin

PD 173074	 ICV

I.P.
             I.P.

I.P.

ICV

 ICV

ICV

ICV
 

ICV
                          
IP

 ICV
	26 gauge

30 gauge
                     30 gauge

30 gauge

26 gauge

26 gauge

26 gauge

 26 gauge


26 gauge   
      
30 gauge

26 gauge


	2uL

200ul
                 200ul

400ul

2ul

2ul

2ul

2uL


2ul

300ul

2ul
	2 times per day
                     once
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6. Pharmaceutical grade drugs, biologics, reagents, and compounds are defined as agents approved by the Food and Drug Administration (FDA) or for which a chemical purity standard has been written/established by any recognized pharmacopeia such as USP, NF, BP, etc. These standards are used by manufacturers to help ensure that the products are of the appropriate chemical purity and quality, in the appropriate solution or compound, to ensure stability, safety, and efficacy. For all injections and infusions for CLINICAL USE, PHARMACEUTICAL GRADE compounds must be used whenever possible.  Pharmaceutical grade injections and infusions for research test articles are preferred when available. If pharmaceutical grade compounds are not available and non-pharmaceutical grade agents must be used, then the following information is necessary: 
a. Please provide a scientific justification for the use of ALL non-pharmaceutical grade compounds. This may include pharmaceutical-grade compound(s) that are not available in the appropriate concentration or formulation, or the appropriate vehicle control is unavailable. 
Pharmaceutical grade glucose, human regular insulin, DMSO will be used.
Pre-autoclaved surgical tools for injection will be used. 
Pharmaceutical grade klotho is not commercially available. We will use R &D System Product recombinant Mouse Klotho (aa 35-982) Protein. The purity is more than 90%.
Pharmaceutical grade artificial cerebrospinal fluid (aCSF) will be used.
Pharmaceutical grade lithium chloride and Streptozotocin are not commercially available.
Pharmaceutical grade Wortmannin, leptin, PD173074, and anti-alpha klotho antibody, mock IgG are not commercially available.
Pharmaceutical grade AAV and ASO of alpha klotho are not commercially available.


b. Indicate the method of preparation, addressing items such as purity, sterility, pH, osmolality, pyrogenicity, adverse reactions, etc. (please refer to ECU IACUC guidelines for non-pharmaceutical grade compound use), labeling (i.e. preparation and use-by dates), administration and storage of each formulation that maintains stability and quality/sterility of the compound(s).
Mouse recombinant Klotho does not need to be reconstituted, it is supplied as a 0.2 μm filtered solution in PBS, Glycerol and EDTA. Klotho and aCSF are administered via ICV infusion. After opening, the solution of klotho will be stored at 4 degrees for one month based on the manufacture suggestion.

 Insolubilized lithium chloride will be kept at room temperature until the specified expiration date.  To prepare 10 M lithium chloride: Dissolve 42.4 g of LiCl in a final volume of 90 ml of H2O. Adjust the volume of the solution to 100 ml with H2O. Sterilize the solution by passing it through a 0.22-μm filter, or by autoclaving for 15 minutes at 15 psi (1.05 kg/cm 2) on liquid cycle. Store the solution at 4°C for up to one month.  Working solutions will be prepared immediately before experiments. 
Streptozotocin in 0.1 M Na-Citrate Buffer (0.1 M Na-Citrate, 0.1 M Citric acid, Deionized water pH to 4.5, sterilize the solution by passing it through a 0.22-μm filter), then dissolve streptozotocin in Na-Citrate Buffer for immediate use.  STZ can be stored as supplied at -20C for up to 2 years.  Solutions will always be prepared the day of use. 


AAV- α-klotho and ASO- α-klotho will be provided sterile by manufacturer. 

Leptin: Shipped from Lyophilized from a 0.2 μm filtered solution in Tris-HCl and NaCl and will be reconstituted at 1 mg/mL in sterile 20 mM Tris-HCI, pH 8.0. Solutions will always be prepared and sterile filtered through a 0.22-μm the day of use.

Wortmannin Ready Made Solution supplied as a 10 mM 0.2 μm-filtered solution in DMSO (Sigma 3144) will be store at -20 freezer. 5ng/ul solutions will always be prepared the day of use. The final solution prior to injection will be sterile filtered by using 0.2 um filter and pH will be measured and adjusted if necessary.  

Insolubilized PD173074 is kept at 4 degrees Celcius for up to six months or until solubilization. 25ug/uL solutions are made directly before experiments by adding 400uL dimethyl sulfoxide to 10mg powdered PD173074. These solutions are sterilized by passing through a 0.22um filter and then they are stored at -20 degrees Celsius for up to one month.

Mouse anti-alpha klotho antibody (AF1819) will be provided by R&D, is antigen affinity-purified, lyophilized from a 0.2 μm filtered solution in PBS with Trehalose. Solutions will always be prepared and sterile filtered through a 0.22-μm the day of use.

Purified mock Mouse IgG is >97% pure and is supplied in a liquid phosphate buffer without any preservatives added and will be at room temperature until the specified expiration date.  Solutions will always be prepared and sterile filtered through a 0.22-μm the day of use.


F.  Prolonged restraint with mechanical devices
Prolonged restraint in this context means beyond routine care and use procedures for rodent and rabbit restrainers, and large animal stocks.  Prolonged restraint also includes any use of slings, tethers, metabolic crates, inhalation chambers, primate chairs and radiation exposure restraint devices.

1.  For what procedure(s):      
Click here to enter text.
2.  Explain why non-restraint alternatives cannot be utilized:      
Click here to enter text.
3.  Restraint device(s):     
Click here to enter text.  
4.  Duration of restraint:     
Click here to enter text.
5.  Frequency of observations during restraint/person responsible:      
Click here to enter text.
       6. Frequency and total number of restraints:   
Click here to enter text.
7.  Conditioning procedures:      
Click here to enter text.
      8.  Steps to assure comfort and well-being:      
Click here to enter text.
9. Describe potential adverse effects of prolonged restraint and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):      
Click here to enter text.

G. Tumor Studies, Disease Models, Toxicity Testing, Vaccine Studies, Trauma Studies, Pain Studies, Organ or System Failure Studies, Shock Models, etc.

1.   Describe methodology:     
Diabetic model will be created by either the injection of STZ or DIO induced.
2.   Expected model and/or clinical/pathological manifestations:     
Obesity, diabetes, increased urination, and thirst
3.   Signs of pain/discomfort:      
If hypoglycemia develops, mice may be weak 
4.   Frequency of observations:     
STZ mice will be observed twice a day throughout the experiment, for DIO mice, once a day throughout the experiment.
5.   Describe potential adverse side effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):      
Increased urination, cage changes need to be more frequent. If hypoglycemia develops, mice may be weak and non-responsive, if that happens, the mice will be euthanized.
If urinary tract infection occurs, the mice depressed, or lethargic, they will be euthanized.
If the body weight decreased more than 20%, the mice will be euthanized.

H. Treadmills/Swimming/Forced Exercise
1. Describe aversive stimulus (if used):     
Bristle brush, operator’s hand.
2.  Conditioning:     
Two consecutive days of acclimatization: 10 m/min for 9 min and 20 m/min for 1 min.
3. Safeguards to protect animal:    
Continuous monitoring.
4. Duration:   
60 min for high-intensity and 3 h for low-intensity.
5. Frequency:    
At least three days apart between tests.
       6. Total number of sessions:     
Maximum of two.
7. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):    
Once acclimatized, mice will perform treadmill exercise with ease. Both in low-intensity and high-intensity exercise testing mice will be run until exhaustion (defined as remaining on the end of the treadmill for five consecutive seconds). After the exhaustion/completion of exercise testing, mice will be returned to their original cages. Mice will be continuously monitored and any animal experiencing injury will be removed from the treadmill, returned to their cage and studied later once the injury is deemed healed by veterinary staff. DCM vet staff will be contacted for any injuries. If a mouse won’t run or has trouble running without reaching exhaustion (e.g.- because of genotype), the observation will be noted, and the mice will not be further tested on the treadmill. Treadmills disinfection is done per approved SOP.

I. Projects Involving Food and Water Regulation or Dietary Manipulation
(Routine pre-surgical fasting not relevant for this section)
1. Food Regulation
a. Amount regulated and rationale:     
Rationales for fasting mice include: Overnight fasting before measuring blood glucose to reduce variability in basal blood glucose, to assure a more uniform drug absorption by preventing mixing test drug with food; overnight fasting for toxicology testing; fasting-induced feeding to investigate anorexigenic compounds, in which case mice are usually fasted for 4 h up to overnight; and pharmacokinetic studies in general. Fasting for 12 h is typically done to standardize the metabolic state prior to testing (GTT, blood collection, and terminal surgery), because sometimes 4 hours fasting is not enough to minimize the variation occurred in blood glucose and circulating factors (Leptin, Insulin, etc.,), which are important to metabolic study. 
b. Frequency and duration of regulation (hours for short term/weeks or months for long term):     
At least one week apart from each fasting (12 h), and 2 weeks apart for 24 hours fasting. Maximum four times of fasting per mouse (blood collection, GTT, ITT, terminal surgery), but often less (two or three).
c. Frequency of observation/parameters documented (i.e. recording body weight, body condition, etc.):     
Body weight and conditions will be examined every 6-12 hours since the 12 hours fasting started. If there is rapid weight loss occurred (Reduced body weight more than 5 g), , the animal will be excluded from the experiment, and food will be provided immediately. Alternatively, a veterinarian will be consulted.
d. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):     
For 4 hours fasting, we do not usually observe any adverse effects from the mice, however, for 12 hours fasting, sometimes, there are few mice show rapid body weight loss; the mice that show rapid weight loss (Reduced body weight more than 5 g), if the mouse with rapid weight loss was observed, the animal will be excluded from the experiment, and food will be provided immediately. Alternatively, a veterinarian will be consulted.

2. Fluid Regulation
a. Amount regulated and rationale:      
Taste aversion experiment: Mice in this experiment will be conditioned to having ad libitum access to water for 2 hours each day for 3 days (with ad libitum food access).  On day 4 mice will be given access to a 0.15% saccharin solution-filled bottles during the 2-hour period, immediately after the 2-hour period, mice will be divided into 4 groups: 1): i.p. saline followed by ICV saline; 2): i.p. lithium chloride (127 mg/kg; Sigma) followed by ICV saline; 3): i.p. saline followed by ICV α-klotho (2 ug), 4): i.p. lithium chloride (127 mg/kg; Sigma followed by ICV α-klotho (2 ug). The lithium chloride treated mice experience gastrointestinal distress and associate that distress with the new saccharin water. Considering this, these mice are used as positive controls.  The 4 groups will receive injection accordingly.  Bottle preference will be analyzed by measuring volume of liquid consumed by making mark on the drink bottle. If, as we hypothesize, saline nor α-klotho induces adverse side effects, then mice in those treatment groups should prefer the sweet saccharin solution.
b. Frequency and duration of regulation (hours for short term/weeks or months for long term):     
Mice will only have access to water for 2 hours each day (22 hours without water) for 3 total days (3 days to condition mice) to only 2 hours fluid availability.
c. Frequency of observation/parameters documented (body weight, hydration status, etc.):     
We will monitor the mice twice per day, documenting body weight, food intake, fluid intake by make marks on the drink bottle, as well as behavioral aspects, like activity, reactivity, we will check the mouse skin and urine conditions to verify the dehydration status.
d. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):     
Taste aversion experiment: Mice will become acclimated to 2 hours of access to water each day for 3 days to condition mice to drink when water is provided. After 3 days they will be provided a 0.15% saccharin solution. The fluid restriction may cause animal dehydrated. We will monitor the mice twice per day, documenting body weight, food intake, fluid intake into an experimental notebook, as well as behavioral aspects, like activity, reactivity, we will check the mouse skin and urine conditions to verify the dehydration. We ensure that animals’ body weights, fluid intake and assessments including skin turgor test are kept in the animal room as long as the individual animal is present. Once the study on the individual animal is completed, the data can be stored in the PIs lab. Mice who experience 20% or greater weight loss or show significant signs of stress, or impairment is detected such as hunched posture, ruffled coat, and impaired ambulation will be humanely euthanized using CO2 chamber and/or cervical dislocation under anesthesia as approved in the parent protocol.  In addition, Grubb’s outlier tests will be performed, and mice identified as “outliers” (significantly greater weight loss, suppression of food intake, etc.) will be omitted from the study and humanely euthanized.

3. Dietary Manipulations
a. Compound supplemented/deleted and amount:    
The irradiated High-fat diet contains 16% protein, 58% fat, and 26% carbohydrate.
b. Frequency and duration (hours for short term/week or month for long term):      
6 to 16 weeks, once
c.  Frequency of observation/parameters documented:       
Weekly body weight, behavior, coat abnormalities.
d. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):    
None expected.


J. Endoscopy, Fluoroscopy, X-Ray, Ultrasound, MRI, CT, PET, Other Imaging


1.  Describe animal methodology:     
Echo MRI to determine body composition.
2. Duration of procedure:       
5 min.
3. Frequency of observations during procedure:      
Animals are placed in apparatus and removed when measurements are completed.
4. Frequency/total number of procedures:     
Every 4 weeks during diet interventions.
5. Method of transport to/from procedure area:    
Cart in original cage.
6. Describe potential adverse side effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):   Mice will be placed to a small space (Tube) for 5 mins, and this will possibly induce some level of stress to mice. If we found mice are extremely stressed, that mice will be removed from the tube and that mice will be acclimated prior to further body composition testing. If mice do not acclimate, then either a veterinarian will be consulted, or the mice will be humanely euthanized.
7.  Please provide or attach appropriate permissions/procedures for animal use on human equipment:      
N/A
    
K.  Polyclonal Antibody Production
1. Antigen/adjuvant used and justification for adjuvant choice:     
Click here to enter text.
2. Needle size:          
Click here to enter text.
3. Route of injection:       
Click here to enter text.
4. Site of injection:      
Click here to enter text.
    5. Volume of injection:        
Click here to enter text.
6. Total number of injection sites:       
Click here to enter text.
7. Frequency and total number of boosts:        
Click here to enter text.
8. What will be done to minimize pain/distress:      
Click here to enter text.
9. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):      
Click here to enter text.
L.  Monoclonal Antibody Production
1. Describe methodology:        
Click here to enter text.
2. Is pristane used:  Choose an item.
    Volume of pristane:        
Click here to enter text.
3.  Will ascites be generated:  Choose an item.
i. Criteria/signs that will dictate ascites harvest:    
Click here to enter text.
   ii.     Size of needle for taps:       
Click here to enter text.
  iii.    Total number of taps:    
Click here to enter text.
  iv.    How will animals be monitored/cared for following taps:    
Click here to enter text.
4. What will be done to minimize pain/distress:    
Click here to enter text.
5.  Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):      
Click here to enter text.
  
M. Temperature/Light/Environmental Manipulations
1.  Describe manipulation(s):         
Indirect calorimetry (see above). The TSE System includes the capacity for measuring oxygen consumption, carbon dioxide production, food intake, water intake, air temperature, physical activity in x, y, and z planes and running wheel activity (all optional) on 16 rodents simultaneously. The system represents a new housing environment for the rodents. An SOP for use of this system has been developed and is on file with IACUC (ECDOI core equipment).
Body temperature is a valuable parameter in determining the energy expenditure of laboratory animals. Traditionally, the rectal thermometry is the most widely used means of temperature measurement in mice. However, limitations of this procedure are its time-consuming application and distress to animals, which may cause an increase in core temperature, leading to a misinterpretation of the animal’s physiological state. More recently, subcutaneous injectable telemetry transponder system for core temperature probing have become a reliable alternative and are widely considered best practice. We would use the UCT-2112 Temperature Microchip from UI devices to record core body temperatures as a readout to determine the effects of central α-klotho treatments. The microchip will be injected subcutaneously in the inter-scapular space. For mice with the osmotic pump, the microchip will be placed lower.
2.  Duration:      
A typical experiment consists of a 48-h acclimation period followed by a 48-h period of data collection. Mice are then returned to their normal housing.	
After seven days recovery from the surgery, the antibody of α-klotho or mock IgG will
be injected, and a temperature microchip will be injected subcutaneously in the inter-scapular space to monitor the daily body temperature (Unified Information Devices Research, Lake Villa, IL) for 7 days.

3.  Intensity:       
Click here to enter text.
4.  Frequency:     
Up to 3 times for TSE, depending on study design. Terminal use for Temperature Microchip
5. Frequency of observations/parameters documented:    
All parameters monitored in real time, data stored on computer. Animals are visually monitored by the PI or staff daily.
6. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):     
The mice will be pre-placed to the metabolic cage for acclimation, and the metabolic cage is very similar to regular cage, so we do not usually observe any discomfort from animal.  Following the injection of Temperature Microchips, mice will experience short time discomfort, and some pain caused by the device. If there is injured or stressed mouse, a veterinarian will be consulted, or the mouse will be humanely euthanized.  

N. Behavioral Studies  
1. Describe methodology/test(s) used:     
Click here to enter text.
2. Will conditioning occur?  If so, describe:      
Click here to enter text.
3. If aversive stimulus used, frequency, intensity and duration:        
Click here to enter text.
4. Length of time in test apparatus/test situation: (i.e., each test is ~10 mins)   
Click here to enter text.
5. Frequency of testing and duration of study: (i.e., 5 tests/week for 6 months)      
Click here to enter text.
6. Frequency of observation/monitoring during test:      
Click here to enter text.
7. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):         
Click here to enter text.

O. Capture with Mechanical Devices/Traps/Nets
1. Description of capture device/method:       
Click here to enter text.
2. Maximum time animal will be in capture device:        
Click here to enter text.
3. Frequency of checking capture device:        
Click here to enter text.
4. Methods to ensure well-being of animals in capture device:           
Click here to enter text.
5. Methods to avoid non-target species capture:         
Click here to enter text.
6. Method of transport to laboratory/field station/processing site and duration of transport:          
Click here to enter text.
7. Methods to ensure animal well-being during transport:          
Click here to enter text.
8. Expected mortality rates:           
Click here to enter text.
9. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):         
Click here to enter text.

P. Manipulation of Wild-Caught Animals in the Field or Laboratory
1. Parameters to be measured/collected:        
Click here to enter text.
2. Approximate time required for data collection per animal:        
Click here to enter text.
3. Method of restraint for data collection:         
Click here to enter text.
4. Methods to ensure animal well-being during processing:         
Click here to enter text.
5. Disposition of animals post-processing:                
Click here to enter text.
6. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):           
Click here to enter text.

Q. Wildlife Telemetry/Other Marking Methods
1. Describe methodology (including description of device):      
Click here to enter text.
2. Will telemetry device/tags/etc. be removed? Choose an item.  If so, describe:           
Click here to enter text.
3. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):                
Click here to enter text.

R. Other Animal Manipulations
1. Describe methodology:              


2.  Describe methods to ensure animal comfort and well-being:         
Click here to enter text.
3. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):           


S. Surgical Procedures
All survival surgical procedures must be done aseptically, regardless of species or location of surgery.  Adequate records describing surgical procedures, anesthetic monitoring and postoperative care must be maintained for all species. Please see Guidelines for Intra-operative and Intra-procedural Monitoring on the IACUC website.


1. Location of Surgery (Building & Room #):      
Brody GW49
2. Type of Surgery (check all that are appropriate):        
Click here to enter text.

|X| Non-survival surgery (animals euthanized without regaining consciousness)
|X| Major survival surgery (major surgery penetrates and exposes a body cavity or produces substantial impairment of physical or physiologic function) 
|X| Minor survival surgery
|X| Multiple survival surgery
If yes, provide scientific justification for multiple survival surgical procedures:       
Click here to enter text.
[bookmark: _Hlk533066138]We will need to have multiple survival surgery for ICV cannulation and for the Osmotic pump placement, because the osmotic pump can connect to the pre-planted cannula to provide a constant infusion. These two surgeries cannot be placed at the same time. I week for recovery is needed for animal metabolic stabilization prior to the cannulas being connected to the osmotic pump. CSF sample collection will be performed twice for comparison between pre and post-intervention.  Only 4 ul CSF will be collected each time, and the interval between the two collections is 2 months.  
3. Describe the pre-op preparation of the animals:
a. Food restricted for 12 hours       
b. Food restricted is not recommended for rodents and rabbits and must be justified:           
Overnight fasting before collecting CSF samples to reduce variability in basal CSF hormones concentrations. And for overnight fasting for fasting-induced feeding to investigate CSF anorexigenic compounds, in which case mice are usually fasted for 4 h up to overnight.
c. Water restricted for 0 hours
d. Water restriction is not recommended in any species for routine pre-op prep and be justified:          
Click here to enter text.
                                                                       
4.   Minimal sterile techniques will include (check all that apply):
Please refer to DCM Guidelines for Aseptic Surgery for specific information on what is required for each species and type of surgery (survival vs. non-survival).

|X| Sterile instruments
How will instruments be sterilized?        
Autoclave.

If serial surgeries are done, how will instruments be sterilized between surgeries:        
 We will use a hot beads sterilizer to sterilize equipment between surgeries.
|X| Sterile gloves
|X| Mask
|X| Cap
|_| Sterile gown
|X| Sanitized operating area
|X| Clipping or plucking of hair or feathers
|X| Skin preparation with a sterilant such as betadine
|X| Practices to maintain sterility of instruments during surgery
|X| Non-survival (clean gloves, clean instruments, etc.)

5.   Describe all surgical procedures:
a. Skin incision size and site on the animal:      
Brain/Abdominal/chest cavity/SQ back of neck and interscapular area
b. Describe surgery in detail (include size of implant if applicable):     
Non-survival: Harvest of tissues (hypothalamus, muscles, adipose tissue, liver, heart) in ~ 5min under deep anesthesia.

Cerebrospinal Fluid (CSF) collection:
The 10 mice from each group of C57BL6, DIO, STZ, POMC and AgRP inducible Cre with FGFR1 floxed mice’s CSF sample will be taken after an overnight fast. Analgesics will be given pre-surgery and 3 days post-surgery. Meloxicam will be given pre-emptively and postoperatively every 24 hrs orally for 3 days, while buprenorphine is given pre-emptively and postoperatively every 6-12 hours. CSF will be drawn under anesthesia by using sterile capillary tube. Briefly, the mice will be anesthetized by Ketamine (100mg/kg) and xylazine (10mg/kg), administered intraperitoneally, the skin of the neck will be shaved, aseptically prepared with three alternating betadine scrubs and alcohol to each (CSF, microchip, ICV, minipump), and a sagittal incision of the skin is made inferior to the occiput. Under the dissection microscope, the subcutaneous tissue and muscles (m. biventer cervicis and m. rectus capitis dorsalis major) will be separated by blunt dissection with forceps. Under the dissection microscope, the dura mater of the cisterna magna appears as a glistening and clear reverse triangle through which the medulla oblongata and a major blood vessel (arteria dorsalis spinalis), and the CSF space will be visible. The dura mater will be blotted dry with sterile cotton swab. We will penetrate the capillary tube into the cisterna magna through the dura mater, lateral to the arteria dorsalis spinalis. Following a noticeable change in resistance to the capillary tube insertion, the CSF flows into the capillary tube. Carefully remove the capillary tube and connect it to a 3 ml syringe, inject the CSF into a pre-marked 0.5 ml Eppendorf tube, and freeze the tube immediately on dry ice and then transfer it into a -80°C freezer. Skin incision will be closed with non-absorbable suture. A maximum of 4 ul CSF will be taken up to twice. The frequency of collection is twice with 2 months between collections, the site of collection will be held at ECHI animal procedure room 4313 C under a sterile condition. CSF drawing typically occurs at the beginning and end of experiment. Each time, no more than 4 ul CSF will be collected.

Injection of temperature microchip
This is not a surgical procedure and therefore does not require analgesics. Briefly, the mice will be anesthetized by Isoflurane vaporizer. Under the dissection microscope, the microchip will be injected subcutaneously in the inter-scapular space. In the case of animals with osmotic pumps the microchip will be placed subcutaneously away from the pump. 

For Intracerebroventricular Cannulation, injection, and infusion
All procedures for this surgery will be performed as aseptic techniques, i.e. using sterile gloves, a facemask, head cover and clean gowns. All instruments will be autoclaved, and the bench disinfected and covered with a disposable drape. Analgesic meloxicam will be given pre-surgery and 3 days post-surgery. The surgical site will be shaved, prepared with betadine scrubs and wiped with alcohol. During and after surgery thermal support will be given to animals. For cannulation implantation, anesthesia will be induced and maintained by Ketamine (100 mg/kg, i.p) and Xylazine (10 mg/kg, i.p). An incision (2cm) will be made in the skin overlying the skull and skull surface exposed, the lateral ventricle will be localized using coordinates obtained for Paxinos Atlas “The mouse brain in stereotaxic coordinates”. A small hole will then be drilled into the skull at the location of the lateral ventricle to expose the brain surface. We will then place a sterile guide cannula using a stereotaxic apparatus into this area. The guide cannula is a small metal tube placed a short distance into the brain which protrudes 1-2 cm above the skull. It is protected from damage by a short plastic cylinder. The cannula will be fixed onto the skull with an instant adhesive (Loctite 454). Afterwards, the edges of the incision will be re-apposed and will be secured in place with an absorbable suture. Animal will be housed in the microisolator cages used by Brody School of Medicine animal facility. There is enough distance between the cage lid and the cannula tube such that the tube does not hit against the cage lid.  Meloxicam will be provided orally at a dose of 6 mg/kg for 3 days post-operation. If necessary, Lactated Ringers Solution (10ml/kg/hr) will be given s.c. to the animals. Animals will be monitored until fully awake and housed separately in clean cages in a warm, quiet environment. 

For ICV injection
This is a well-established, well-published technique that has been critical to developments in neuroscience and endocrinology (Samuelsen and Meredith, 2011). Procedures used in our lab are exactly adopted from previous publications (Samuelsen and Meredith, 2011). This is not a surgical procedure and therefore does not require anesthesia or analgesia. One week following surgery, animals will be manually restrained, and a small sterile injection cannula will be inserted into the pre-implanted guide cannula in a full wake, but light hand restrained condition (without anesthesia). This injection cannula will protrude one millimeter beyond the end of the guide cannula into the lateral ventricle of the brain. The pre-implanted guide cannula anchors the injection cannula to prevent any undesired contact with other areas of the brain. After injection, a cap will be placed to the top of cannula, to maintain asepsis. The injection cannula will be sterilized by a hot-beads sterilizer in between injections. All procedures will be done under aseptic condition. This is a procedure that has been done on well over 200 animals in our lab in the last 2 years, resulting in well over 1000 injections and a manuscript in press in Diabetes. Post-mortem brain analysis has never revealed any signs of post-op infection or brain lesions. We have also performed taste aversion and nest building experiments to verify these injections cause no more stress to the animals than typical handling.

For mini osmotic pump infusion:
After at least a week recovery from the surgery to stabilize the experimental animal conditions, mice will be anesthetized using Ketamine (100mg/kg) and xylazine (10mg/kg) BW, i.p. the surgical site will be shaved, prepared with betadine or chlorhexidine scrubs and wiped with alcohol per the aseptic surgery guidelines. An incision (2cm) will be made in the intrascapular area, a mini-osmotic pump (Alzet, Cupertino, CA) will be implanted subcutaneously in the intrascapular area, under sterile conditions in accordance with manufacturer's instructions. Skin incision will be closed with non-absorbable suture. Pumps having a mean flow rate of 0.25 μl/h will be connected to the implanted cannulas via a catheter for ICV infusion with α-klotho or artificial CSF. Animals will survive 6 hrs to 30 days.  (depending on the experimental paradigm, for instance, food intake, metabolic ratio, locomotion activity measurement) following alpha klotho infusion and then they will be euthanized by CO2 inhalation.  AgRP-Cre: FGFR1 floxed and POMC-Cre: FGFR1 floxed mice will be performed by this surgery in procedure room GW49 located in Brody School of Medicine animal facility. Each group need to use at least 20 mice. Therefore, for this surgery, maximum number will be 40. Some of mice will be performed exercise training before the surgery, and after surgery, all mice will be performed food intake, GTT and ITT, and metabolic ratio (energy expenditure) and locomotion activity measurements. A week after surgeries, the infusion will be done in a full wake and free moving condition without anesthetized and restrained. An injector or infuser (Internal cannula) will be directly inserted the pre-implanted cannula enabling it to penetrate to a consistent depth and transfer compound of interest. This procedure does not require anesthetize and restrain mouse.

Cardiac perfusion: 
Mice will be anesthetized using Ketamine (100mg/kg) and xylazine (10mg/kg) BW, i.p. and perfused transcardially with 0.9% saline followed by 10% neutral buffered formalin (for immunohistochemistry (IHC) and/or in histochemistry staining purposes. The brains will be excised and then post-fixed in 10% neutral buffered formalin, and cryoprotected in 20% sucrose in PBS. This procedure will be performed in a chemical fume hood. Ketamine has been shown to alter neuronal activity (Kavalali et. al. 2012) which could confound our data. As an alternative to ketamine we will put mice under deep anesthesia using an isoflurane vaporizer and maintain anesthesia throughout the procedure using an isoflurane vaporizer connected to a nose cone.  

c. Method of wound closure:            
The edges of the incision will be re-apposed and will be secured in place with surgical sutures.
i. Number of layers          
One layer for each procedure
ii. Type of wound closure and suture pattern:        
[bookmark: _Hlk533065675]For the cannulation, the wound will be closed with an instant adhesive (Loctite 454). For Osmotic pump, skin incision will be closed with non-absorbable sutures. 
          iii. Suture type/size/wound clips/tissue glue:  
If closure is necessary for stereotaxic cannulation surgeries, 4.0-6.0 synthetic absorbable polyglycolic acid coated sutures (Aillee Company Limited) will be utilized for subcutaneous wound closure. Generally, for the cannulation surgery, an instant adhesive (Loctite 454) will be used and sutures are not necessary. 4.0-6.0 non-absorbable suture will be used for osmotic pump skin closure. Surgical glue (VetBond, Sigma) will be utilized afterwards to help prevent premature suture removal.

                    iv. Plan for removing of skin sutures/wound clip/etc:        
  Sutures should be removed 5 -10 days following procedure.

6. Anesthetic Protocol:
For all procedures, provision of pre-emptive (pre-procedural) analgesia is required, unless specifically exempted by DCM veterinarians.  For major survival surgical procedures and extensive non-surgical procedures requiring anesthesia, post-procedural analgesia must be provided for a minimum of 3 full days following anesthetic recovery, unless specifically exempted by DCM veterinarians. Analgesic administration should be continued for at least 1 full day following recovery from minor surgical and non-surgical procedures.   Please contact DCM veterinary staff for recommendations and guidance when formulating anesthetic regimens.  
a. If anesthesia/analgesia must be withheld for scientific reasons, please provide compelling scientific justification as to why this is necessary:     
Click here to enter text.

   b. Anesthesia/Analgesia For Surgical Procedures
Currently, all of our procedures that require analgesics are performed as follows: Mice receive oral meloxicam (6mg/kg BW ~200uL) thirty minutes before procedures. Post-operation, mice receive the same dose of oral meloxicam daily for three days. No analgesia is given for ICV injections, see above.
	 
	Agent
	Dose (mg/kg or %)
	Volume
	Route
	Frequency
	Number of days administered

	Pre-operative analgesic
	  Meloxicam   or
   
	6 mg/kg BW 	 200ul
	 PO
	 once
	 Given 30m pre-operation and every 24 hrs

	Pre-operative analgesic
	Buprenorphine 
	0.01-0.03 mg/kg
	200ul
	SC
	Multiple
	Given 30m pre-operation and every 6-12 hrs

	Pre-anesthetic
	 Click here to enter text.
	Click here to enter text.	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.

	Anesthetic
	 Ketamine/Xylazine
	 Up to 100mg/kg, 10mg/kg BW
	 150ul 
	 i.p.
	Multiple
	 Multiple for surgery (ICV, pump, 2 CSF), once for euthanasia and tissue collection 

	Anesthetic
	 Isoflurane 
	 3-5% induction, 1-4% maintenance
	 Click here to enter text.
	 Inhalation
	 Multiple 
	 Multiple for surgery as above, once for euthanasia and tissue collection 

	Post-operative Analgesic
	 Meloxicam       or Buprenorphine
	 6 mg/kg BW 0.05-0.1 mg/kg
	 200ul       200ul
	 PO           s.c.
	 Every 24 hrs        Every 6-12 hrs
	 Given post op for 3 days.

	Other
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.
	 Click here to enter text.



c. Methods that will be used to monitor anesthetic depth (include extra measures employed when paralyzing agents are used):       
Anesthetic depth prior to surgery will be assessed by foot pinch and animal reflex pain response.   During the surgery, anesthetic depth will be monitor via visual inspection of chest wall movements (i.e. respirations).   
d. Methods of physiologic support during anesthesia and immediate post-op period (fluids, warming, etc.):       
After the surgery, visual inspection of chest wall movements (i.e. respirations) will be monitored. Mice will be kept warm on a 37 degrees heated gel pad during anesthesia and immediately during the post-op period until they are capable of ambulation.  Gel diet and long sipper tube will be provided to alleviate pain, stress and discomfort.
e. List what parameters are monitored during immediate post-op period.  Provide the frequency and duration:        
Mice will be monitored every 15 min for 1 hours after the surgical procedures for signs of pain or distress, respiration and mobility.
f. Describe any other manipulations that will be used to alleviate pain, distress, and/or discomfort during the immediate post-op period (soft bedding, long sipper tubes, food on floor, dough diet, etc.):        
Animal will be given food on the floor after surgery, there are also soft bedding add to the cage if available.
g. List criteria used to determine when animals are adequately recovered from anesthesia and when the animals can be returned to their home environment:           
When mice can move around the cage and obtain food and water, they will be returned to their home environment.
 
7.  Recovery from Surgical Manipulations (after animal regains consciousness and is returned to its home environment)     
Click here to enter text.
a. What parameters (behavior, appetite, mobility, wound healing, etc.) will be monitored:     
Mouse cage behavior, body weight, and body condition will be monitored for signs of pain, distress or infection.  Body condition will be assessed by gently holding the mouse by the base of the tail and passing a finger over the sacroiliac bones.  If mice exhibit signs of emaciation (BCS = or <2) (e.g. prominent vertebral skeletal structure and/or segmented vertebral column) they will be euthanized.  Signs of pain or distress may include lethargy, cowering, and/or shaking.
b. How frequently (times per day) will animals be monitored:         
Mice will be monitored once per day for the first 7-10 days and then every other day until euthanasia.
c. How long post-operatively (days) will animals be monitored:       
Mice will be monitored once per day for the first 7 days and then every other day until euthanasia.

8.   Surgical Manipulations Affecting Animals 
a. Describe any signs of pain/discomfort/functional deficits resulting from the surgical procedure:        
After the initial recovery from surgery, the mice after stereotaxic surgery have no specific signs of pain/ discomfort/ or functional deficit. ICV cannulation, infusion and CSF collection procedures will hurt mouse skull/head.  However, with these procedures, mice adapt extremely quickly (within 24 hrs) and are easily capable of acquiring food and water.
b. What will be done to manage any signs of pain or discomfort (include pharmacologic and non-pharmacologic interventions):          
All mice receive 72 hours analgesia (Meloxicam or buprenorphine) postoperatively, If the mouse still exhibits any signs of pain or discomfort after 72 hours and analgesic administration does not alleviate the pain, then the mouse will be euthanized.
c. Describe potential adverse effects of procedures and provide humane endpoints (criteria for either humanely euthanizing or otherwise removing from study):       
With these surgeries, there is a remote possibility of systemic or local infection.  If infection is detected/observed or body score falls to 2 or less, or impairment is detected such as impaired ambulation or animal is not eating or drinking, the animal will be humanely euthanized.


V. Euthanasia
Please refer to the AVMA Guidelines for the Euthanasia of Animals: 2013 Edition and DCM Guidelines to determine appropriate euthanasia methods.
A. Euthanasia Procedure.  All investigators, even those conducting non-terminal studies, must complete this section in case euthanasia is required for humane reasons.

1. Physical Method- If a physical method is used, the animal should be first sedated/anesthetized with CO₂ or other anesthetic agent.  If prior sedation is not possible, a scientific justification must be provided:  
While anesthetized, cervical dislocation or bilateral pneumothorax.
         
2. Inhalant Method- Carbon Dioxide
(if other, describe the agent and delivery method)       
             Isoflurane overdose

3. Non-Inhalant Pharmaceutical Method (injectables, MS-222, etc.)- Please provide the following:    
a. Agent:         
Click here to enter text.
b. Dose or concentration:              
Click here to enter text.
c.    Route:       
Click here to enter text.

B. Method of ensuring death (can be physical method, such as pneumothorax or decapitation for small species and assessment method such as auscultation for large animals):     
Above physical methods.

C. Describe disposition of carcass following euthanasia:      
Animal carcasses will be wrapped up in sealed plastic bags and stored in -20 freezers, then will be placed to the DCM cooler for service pick up.

I acknowledge that humane care and use of animals in research, teaching and testing is of paramount importance, and agree to conduct animal studies with professionalism, using ethical principles of sound animal stewardship.  I further acknowledge that I will perform only those procedures that are described in this AUP and that my use of animals must conform to the standards described in the Animal Welfare Act, the Public Health Service Policy, The Guide For the Care and Use of Laboratory Animals, the Association for the Assessment and Accreditation of Laboratory Animal Care, and East Carolina University.

Please submit the completed animal use protocol form via e-mail attachment to iacuc@ecu.edu.  You must also carbon copy your Department Chair.


                                             [image: ]                                          June 24th, 2020
PI Signature: ______________________________ Date: ___________


Veterinarian:______________________________ Date:___________

IACUC Chair: _________________Date:_ _







	                                       APPENDIX 1-HAZARDOUS AGENTS

	Principal Investigator:
Hu Huang
	Campus Phone:
252-787-2879
	Home Phone:
857-540-1871

	IACUC Protocol Number:

	Department:
Kinesiology
	E-Mail:
huangh@ecu.edu

	Secondary Contact:
Department: Taylor Landry

	Campus
Phone:
	Home
Phone: 6039301004
	E-Mail:
landryt17@students.ecu.edu

	Chemical Agents used: 10% formalin, lithium chloride, Streptozocin, Mouse IgG, Wortmannin, PD173074, Tetrodotoxin
	Radioisotopes used: No

	Biohazardous Agents used: Alpha-klotho, Adeno-Associate Virus-alpha-klotho, Antisense Oligonucleotide alpha-klotho
	Animal
Biosafety Level: 2
	Infectious to
humans? No

	PERSONAL PROTECTIVE EQUIPMENT REQUIRED: Standard personal protection equipment for DCM

	Route of Excretion:  None

	Precautions for Handling Live or Dead Animals: Use standard precautions when handing dead animals, always wear personal protective equipment when handing dead animal.

	Animal Disposal: All animal materials will be discarded in biohazard bags and incinerated through ECU waste management.

	Bedding/Waste Disposal: The animal will not return to cage.

	Cage Decontamination: Normal cage washing will be sufficient.

	Additional Precautions to Protect Personnel, Adjacent Research Projects including Animals and the Environment:

	Initial Approval
Safety/Subject Matter Expert Signature & Date

______________________________________________
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