Background: Describe previous experience most pertinent to this proposal/application. Cite relevant literature references. Include discussion of any findings (if available) from relevant pilot or preliminary work or any related work underway. For development of devices and technologies, provide an intellectual property plan as part of the supporting documentation.
Post-traumatic stress disorder (PTSD) is a debilitating psychiatric disorder that causes affected individuals to re-experience traumatic memories, negative emotions, and thoughts, contributing to avoidance, hypervigilance, and hyperarousal in the months and years following severe trauma. PTSD affects approximately 6–8% of the general population but this prevalence rate is up to 25% among groups who have experienced severe psychological trauma, such as combat veterans (Ressler et al., 2022). Ample evidence suggests that PTSD can be viewed as a disorder that involves the dysregulation of normal fear processes (Mahan and Ressler, 2012). Currently, the only FDA-approved treatments for PTSD are the serotonin reuptake inhibitors sertraline and paroxetine (Kelmendi et al., 2017; Ressler et al., 2022). However, these drugs have adverse effects and exhibit low response rates, with less than 30% of patients achieving full remission. These treatments also center on continued medication, addressing symptoms rather than the source of the problem, which is the traumatic experience. We, therefore, sought to develop a drug capable of effectively treating the underlying causes of PTSD. The ideal drug candidate would thus be one who that can fulfill the following criteria: 1) Mitigate the risk of PTSD development when applied immediately after the traumatic event; 2) Offer value when applied days, months, or even years after the traumatic event when PTSD has been already diagnosed by reducing the traumatic memory and associated PTSD symptom severity; 3) Be effective when applied acutely and systemically; 4) Specifically affect the fear memory related to the traumatic event and notwithout impacting other memories; and 5) Have a specific target. This Such a drug-based therapeutic strategyapproach offers key advantages for the treatment of PTSD over current treatment strategies because,  as it would be able to mitigate PTSD before it mitigates the development of PTSD before it develops, thus avoiding unnecessary suffering, while also significantly reducing symptoms when applied acutely in patients already diagnosed with P. If PTSD has that did not receive this drug been diagnosed at a later time point because the affected individual was not treated with the drug immediately after the traumatic event. t, then an acute application of the drug will also significantly reduce PTSD symptoms.In contrast,  This is in contrast to the current treatment which approaches rely on the continuous dosing ofrelies on continually dosing PTSD patients with medications while achieving a low level of success. Thus, this such as drug would drug provides treatment options well-suited to a range of clinically relevant scenarios (immediately after treatment traumatic events, or acutely after after the diagnosis of PTSD). has been diagnosed). When seeking to address the root cause of PTSD, namely the traumatic memory, it is also possible to influence important PTSD-related symptoms caused by these memories, as discussed below. 	Comment by Editor: Specific, defined target might be a better way to say this.	Comment by Editor: This doesn’t really mesh with the previous statements since not all were prior to PTSD onset, so I have modified it slightly.	Comment by Editor: This sentence feels a bit awkward in as it is currently positioned. I’m not sure it is needed here – consider moving it elsewhere or deleting it.
With the above criteria in mind, we previously designed an inhibitory ephrinA4 mimetic peptide that targets the EphA tyrosine kinase receptor binding site, as this receptor and its ligand ephrinA are involved in the regulation of neuronal morphology and synaptic transmission known to be involved in fear memory formation and PTSD. We designed a fear memory-inhibiting  inhibitory peptide from ephrinA4 (pep-ephrinA4) because it has a very high affinity for EphA receptors and for EphA4 in particular (Bowden, et al., 2009). EphA4 is required for synaptic plasticity in the amygdala (Deininger et al., 2008), a brain area essential for fear memory formation and that is closely involved in PTSD (LeDoux, 2000; Etkin and Wagner, 2007). Pep-ephrinA4 was designed to mimic the ephrinA4 binding domain (GH loop) (Figure 1) (Dines et al., 2014), and our preliminary data attest to the utility of this peptide. Pep-ephrinA4 binds EphA4, but not EphB2 or eEF2 proteins, and inhibits ephrinA4-induced EphA4 activation in the amygdala (Figure 1), thus confirming the specificity of this peptide construct.. The results demonstrate the specificity of the peptide.	Comment by Editor: EphirinA or A4?	Comment by Editor: “Fear memory inhibitory” is a bit of a mouthful and not entirely clear. Perhaps this is a viable alternative?	Comment by Editor: No real need for this filler phrase.	Comment by Editor: You are introducing several proteins without definin them – maybe give a few extra words such as “functionally similar” or “Structurally similar” to clarify what these are without getting into too much detail?

[image: ]Figure 1 EphrinA4 mimetic peptide interacts with the EphA4 receptor and inhibits its ephrinA4-induced EphA4 phosphorylation. (a) A molecular model of Swiss-Model-generated view of ephrinA4 binding to EphA4 receptor. using the Swiss-Model. Upper figure:  Upper: The ephrinA4 peptide (pep-ephrinA4) is was derived from the GH loop binding domain of ephrinA4 (arrow-magenta), while t. The control peptide (pep-control) is derived from the E helix of the ephrinA4 (arrow-yellow). Lower figure: A molecular model of pep-ephrinA4 peptide bound to EphA4. (b) Pull-down experiments show revealed that pep-ephrinA4, but not pep-control or agarose beads alone, interacts with EphA4. ANOVAs revealedThe analysis of variance (ANOVA) showed a significant effect for the group (F(2)=4.513, p<0.05), and post hoc analysis found that more EphA4 was pulled down in the pep-ephrinA4 group (n=4) than in the pep-control (p<0.04; n=3) or beads (p<0.03; n=4). Pep-ephrinA4 did not interact with the control proteins EphB2 receptor or elongation factor 2 protein (eEF2) serving as control proteins. (c) Pep-ephrinA4 inhibits s ephrinA4-induced EphA4 tyrosine phosphorylation. Amygdala-containing brain slices were placed in Ringer’s solution and either left unstimulated, Brain slices that contain the amygdala were divided to three groups: (1) placed in Ringer’s solution, (2) placed in Ringer’s solution and stimulated with ephrinA4-Fc for 20 min, or  or (3) placed in Ringer’s solutionincubated with pep-ephrinA4 for 20 min followed by stimulation with ephrinA4-Fc stimulation for 20 min (n=3 each). Protein extracts from the slices were immunoprecipitated with anti-EphA4, and EphA4 and p-Tyr were detected by Western blotting.  antibody and subjected to Western blot with anti-EphA4 or anti-phosphotyrosine antibodies. The upper panel shows that pep-ephrinA4 abolished ephrinA4-induced EphA4 receptor tyrosine phosphorylation, while the . The lower panel shows the EphA4 protein levels in immunoprecipitates. in immunoprecipitated. The ANOVA analysis showed ANOVAs revealed a significant group effect for group (F(2)=5.496, p<0.05), and post hoc analysis found detected significant increases  in EphA4 phosphorylation in the ephrinA4 group when compared with the Ringer’s solution control (p<0.05) or ephrinA4+pep-ephrinA4 (p<0.03) groups. The phosphorylation of EphA4 in the control Ringer’s group is was not significantly different from the ephrinA4+pep-ephrinA4 group (p>0.6).	Comment by Editor: In general, grant applications tend to dramatically shorten their Figure Legends relative to what you would see in a published paper. I suggest cutting out as much of this as possible while leaving just the core content, unless you don’t end up needing additional space for the rest of the application.	Comment by Editor: In particular, I think you can shorten the statistical descriptons to just indicate the effects relative to control/beads.	Comment by Editor: Why .03?	Comment by Editor: Why 0.6? Here any elsewhere, it usually makes more sense to give specific numbers (i.e. p = 0.6) or to stick to < 0.05. < 0.01, > 0.05, etc.
Strikingly, subcutaneous pep-ephrinA4 injection in rats (n=15) 1 hour after fear conditioning training impaired ablated fear long-term fear memory when tested one day later as compared to the vehicle control group (n=14) (F(1,27)=8.6, p<0.008) (Dines et al., 2014) (Figure 2). This highlights the efficacy of this peptide when injected systemically after fear conditioning, effectively mitigating fear memory development and PTSD. Figure 2 Acute systemic administration of ephrinA4 mimetic peptide impairs long-term fear conditioning memory (LTM) formation. Pep-ephrinA4 (0.2 mg) (n=15), or saline (n=14) was were injected subcutaneously 1 h after fear conditioning. Long-term memory was tested 24 h after training. Animals injected with pep-ephrinA4 were significantly impaired in fear memory (F(1,27)=8.6, P<0.008) when compared with saline-injected rats. CS, conditioned stimulus. 
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In addition, acute subcutaneous injection of pep-ephrinA4 into rats (n=18) 30 minutes before fear traumatic memory retrieval on the day following the initial fear conditioning also significantly impaired long-term fear memory associated with the traumatic event when tested one day later as compared to the injection of a non-binding control peptide (t(34) = 2.411, p = 0.021) (Figure 3) (Mana et al., 2022). This demonstrates the effectiveness of the peptide as a tool that can reduce fear memory and PTSD symptoms after PTSD has been established. 
[image: ]Figure 3 Acute systemic injection of pep-ephrinA4 before fear memory retrieval impairsed memory reconsolidation.  Rats that were injected with the pep-ephrinA4 (20 mg) (n=18) 30 min before fear memory retrieval were exhibited significantly impaired in fear memory when tested 24 h afterward as compared to animals injected with the inactive peptide (n = 18) (t(34) = 2.411, p = 0.021). 





 



Thus, our Our preliminary results are very encouraging, highlighting the usefulness utility of this peptide and its ability to of the peptide in targeting specifically target ephrinA4 binding sites, mitigating fear memory formation when injected 1 hour after fear conditioning and while also reducing abrogating fear memory when injected before the retrieval of these memories one day after fear conditioning. The injected animals did not exhibit any apparent side effects. Given the novelty of this approach and the supporting data suggesting that it may ultimately offer clinical value, we believe that this drug has the potential to be extremely useful in mitigating the risk of PTSD development or alleviating established PTSD, thereby addressing a major unmet clinical need. HoweverThis proposal was thus developed with the goal of more fully characterizing and testing pep-ephrinA4 as a tool for PTSD prevention and treatment so that it can potentially enter into future clinical trials to confer much-needed relief to affected patients., more tests are needed to be performed before the pep-ephrinA4 can be further considered for clinical trials (see below). This is the major aim of the proposal. 	Comment by Editor: This is a major and important assertion, so you may want to expand on this with any specific safety analyses that were performed (if any). Otherwise, it can be left as is.
Hypothesis: State the hypothesis to be tested and the expected results. For development of devices and technologies, discuss the technical feasibility of the proposed project including historical background of the problem, previous and current solutions, similar projects previously undertaken, and related development activities.	Comment by Editor: Rather than your three fragmented hypotheses, consider reformulating it into a single general hypothesis along the lines of “We hypothesize that the further characterization and dosing optimization of pep-ephrinA4 will reveal that it is a safe and effective therapeutic tool that can affect fear memory associated with recent events or retrieval without any impact on other memories”. After stating this broader hypothesis, you can then get into the specific bases for your current hypotheses 1-3, providing you with an opportunity to give more background and details regarding your specific expected findings.
[bookmark: _Hlk130976051]Our The overall goal of our proposed study is to generate new data pertaining to pep-ephrinA4 that objectives are to further examine the pep-ephrinA4 to obtain information that will enable us to advance the this peptide to the next stages of clinical development and its eventual application tpre-ephrinA4 to the next step of clinical trials and ultimately to be used to mitigate the development of PTSD after traumatic events or to reduce the symptoms when of established PTSD.PTSD was already developed. We hypothesize In this project, we hypothesize that (1) thatA: 1) Adjusting the dosing strategy will for pep-ephrinA4 will improve its efficacy improve the effectiveness of the drug in mitigating the development of fear memory development or reducing the symptoms observed after or to reduce the symptoms when fear memory was already been formedformation, based on the fact that prior research has demonstrated that different application routes can modulate the efficacy . Thisof peptide drugs in rats hypothesis is based on the fact that different routes of application of the drug can also improve its function in rats as it has been shown in other peptides that some modes of application are more effective than others (REF). (2) We further predict that pep-ephrinA4 will be found to be safe for in vivo use, . 2) We also predict that the drug is safe to use as it will be administrated acutely and peptides are known to be cleared from the body quickly (REF).  In our preliminary experiments, we did not observe any apparent change in animals health after the application administration of pep-ephrinA4, although further toxicological and pharmacokinetic analyses are warranted to fully explore clinically relevant safety endpoints. (3) We hypothesize that this pe. However, this will be tested thoroughly in our research program (e.g. pharmacokinetics and toxicology). 3) The peptide will affect only fear memory of associated with recent events or retrieval and without any impact onnot other memories, as we have found it to exhibit  as it has been shown by us to have very temporally restricted specific temporal effects on with respect to around fear memory formation and retrieval. (4) Lastly, we 4) We also predict that pep-ephrinA4 will be useful for the treatment of PTSD in humans. This hypothesis is based on our preliminary results but also on the fact that rats use in our experiments elicit similar fear responses to humans and that the neural circuits underlying fear learning and memory are, at least to a first approximation, the same in rodents and humans (Fenster et al., 2018).	Comment by Editor: This sentence and the last sentence of the above section are largely identical - I suggest removing one or shortening the end of the above section to just focus on clinical need and a very general statement about the next step.

– Technical Objectives: State concisely the question to be answered by each research objective.	Comment by Editor: For Objetive 1 you explain the specific experimental rationale – I suggest doing the same to some degree for the other objectives, albeit briefly. The companies you mention can be discussed in the Methodology below if you feel it is appropraite to relocate them.
The Our encouraging preliminary encouraging results emphasize the potential efficacy of the pep-ephrinA4, but further tests testing will be essential before it can be advanced into need to be performed before moving to clinical trials. Toward To that end, in the proposed project we will test our hypotheses by completing the following Objectives:: 
Objective #1: Explore other dosing strategies, dose amountslevels, and dosing routes that may further enhance pep-ephrinA4 efficacy. It has been shown that Iincreasing the amount of a peptide applied in vivo can enhance contribute to enhanced efficacythe effect of the peptide (REF). We will therefore increase the amounts of the administered pep-ephrinA4 and examine its the effects of such treatment on fear memory. effects on fear memory. Different routes of application may result in increased efficacy as has been shown in other peptides applied for different brain diseases (REF). We will therefore apply administer the our peptide using via other routes than in addition to the subcutaneous injection approach the subcutaneous injection used in our preliminary resultswork.  
Objective #2: Test the distribution of the pep-ephrinA4 in the brain and body after the systemic application through standard pharmacokinetic studies. Studies will be completed in partnership with companies including Envigo (Israel) and  (by the companies Envigo, Israel and Analyst Research Laboratories (, Israel), both of which have already assisted in designing this proposal.  which have already in contact with the Lamprecht lab and assist in designing their parts in the proposal). 
Objective #3: Study Study the effects of the effect of the acute pep-ephrinA4 application administration on animal health. Analyzed readouts will include body weight, blood testing, and tissue health as assessed by Envigo (Israel).on the health of the animals (e.g. weight, blood tests, tissue health- by the company Envigo, Israel).
In Oobjectives 4-6, the optimal pep-ephrinA4 dosing level and administration route found to be safe and effective in Objectives 1-3 will be used for all experiments. , 5 and 6 below we will use the pep-ephrinA4 dose amount and route of application that were found to be most effective and safe after performing objectives 1, 2 and 3.  
Objective #4: Study the effects of systemic peptide application 1 hour h after fear conditioning , that produces the traumatic event, on long-term fear memory at later time points (1 week, 1 month, 6 months, and a 1 year after the traumatic event). These analyses will  to build on the preliminary testing performed 1 day after the traumatic event, as and we expect this our peptide to exhibit long-lived efficacy. 	Comment by Editor: This is awkward and I am not sure it needs to be said.
Objective #5: Study the effects of the systemic peptide application 30 minutes prior to fear memory retrieval on long-term fear memory at 1(1 week, 1 month, 6 months, and 1 year  and a year) after the traumatic fear experience that induced PTSD. W, as we expect that pep-ephrinA4 to have will exhibit durable effects efficacy in this setting.	Comment by Editor: I suggest you say “fear conditioning” or “the traumatic experience” here.
 Objective #6:  Study the effects of acute systemic pep-ephrinA4 application on other memories mediated by the amygdala. We will train the rats for via conditioned taste aversion (CTA) and then perform fear conditioning one day later, with pep-ephrinA4 being applied immediately after fear conditioning or before fear memory retrieval. This treatment will be followed by the testing of fear conditioning and CTA days later, ideally and we hypothesize that this approach will demonstrate demonstrating the specificity of pep-ephrinA4 to the fearful traumatic event. 
– Project Milestones: Identify timelines for critical events that must be accomplished in order for the project to be successful in terms of cost, schedule, and performance. For development of devices and technologies, discuss the timelines and provide a commercialization strategy/plan for the technology being developed.	Comment by Editor: Most of your text in this section largely replicates the text you’ve provided above. Consider reorganizing it into a simplified Table indicating which activities will occur during which quarters of which year, or adding further text indicating which milestones are essential for the project to proceed. 
First milestone (first yearYear 0-1): Studying During the first year, we will study the effects of application in Sprague Dawley (SD) male rats of pplying pep-ephrinA4 1 hour after fear conditioning or 30 minutes before memory retrieval a (1 day post-fear conditioning) day after fear conditioning on fear conditioning memory tested when tested 1 day following injection. During this year, we will also compare the optimal pep-ephrinA4 dosing routes (SC, IV, IN) and the effects of higher pep-ephrinA4 doses via all of these routes using the a day after injection. We will apply the pep-ephrinA4 by different routes of application- subcutaneous, intravenous and intranasal. We will test increased doses of pep-ephrinA4 in all routes of applications. We will use the behavioral protocol shown shown in our preliminary results. After we will findidentify the most effective mode of pep-EphrinA4 application that achieves the highest effect on mitigating the development of fear memory formation (when applied 1 hr after fear conditioning) or impairing the maintenance of fear memory (when applied before fear memory retrieval) without any apparent side effects, we will proceed to the second milestone focused on examiningto examine the pharmacokinetics and animal health to detect the most safest and most efficacioususeful and safe dosing strategy.  
Second milestone (First half of second yearYear 1-1.5): We For this milestone will monitor the distribution of the pep-ephrinA4 in the brain, liver, heart, kidney, and plasma after the systemic application through standard pharmacokinetic studies performed by commercial organizations (Envigo and  (by the companies Envigo, Israel and Analyst Research Laboratories, Israel). We will also sStudy the effect of the acute pep-ephrinA4 application on the health of the our animals (e.g. weight, blood tests, tissue health- by Envigo company, Israel). In caseIf we will detect any non-specific effects of associated with our peptide, we will test the second most optimal dosing strategy identified under the first milestone, and will repeat this process as needed to identify a safe and effective peptide dosing strategy that will then be used to complete the peptide we will test the second most useful protocol in the first milestone and so forth until we obtain the most effective and safe dosing strategy of the peptide. We will use the most effective and safe dosing strategy determined in milestones 1 and 2 in milestone 3.  
Third milestone (second half of second year/third yearYear 1.5-3): 3.1) Building on our above results, we will stStudy the effects of applying of the pep-ephrinA4 systemically and acutely 1 hr after fear conditioning on long-term fear memory at more remote time points a week, 1 month, 6 months, and 1 a year after the traumatic event.  (our preliminary results tested 1 day after the traumatic event). We expect to achieve a long-lasting effect of the peptide. 3.2) We will sStudy the effects of injecting the pep-ephrinA4 systemically and acutely before retrieval of fear memory retrieval at more remote time points after the traumatic event. Fear conditioning will be performed and memory will be retrieved a week, a month, 6 months,  or a 1 year afterward. Pep-ephrinA4 will be injected 30 minutes before retrieval and long-term fear memory will be tested a week, a month, 6 months, or 1 or a year afterward. We expect to that this peptide will have a durable e affect on fear memory even when retrieved remotely after fear conditioning and that the effect of the peptide will last. 3.3) We will sStudy the effects of acute systemic pep-ephrinA4 application administration of pep-ephrinA4 on other memories mediated by the amygdala. Rats will undergobe trained for conditioned taste aversion (CTA) that learning, as a form of as fear conditioning that also depends on the basolateral amygdala (REF). Fear conditioning will be performed a day afterward. Pep-ephrinA4 will be applied systemically and acutely immediately after fear conditioning or before fear memory retrieval. Both fear conditioning and CTA will be tested 1 a day or four 4 days after the pep-ephrinA4 application administration. (Wwe will counterbalance the tests so that fear conditioning will be tested a day after training and CTA three days afterward and vice versa). We expect that the effect of pep-ephrinA4 will be specific to the fearful traumatic event. In casef we will detect any non-specific effects of the peptide we will test the next most useful protocol in identified in the above milestonesthe first milestone and so forth until we obtain the most effective and specific dosing strategy of thfor oure peptide.	Comment by Editor: If you are going to give sub-milestones, each should probably have its own timeline.	Comment by Editor: 	Comment by Editor: You repeat this text a lot in this section and you can probably just note that you are using consistnet analytical time points	Comment by Editor: THe milestone section isn’t realy the place to be listing expected outcomes – the same goes for other instances of this in this section. 	Comment by Editor: This makes more sense to discuss under the corresponding objectives above, not the timeline	Comment by Editor: I’m not really sure I understand the timeline here – can you clarify?
Commercialization strategy/plan for the technology being developed: After the completion of the study, we will locate pharmaceutical companies that will help translate these results to the next stage of development and initiate clinical trials enrolling PTSD patients. The University of Haifa, through its Economic Corporation unit, has a track record of success in locating companies interested in research products. To that end, we, together with the University of Haifa, have patented this peptide (US9765116B2; EP2986627B1; WO2014170900A1) so that it will be easier to offer it to another commercial company that has the capacity to conduct clinical trials. Before this can occur, however, we must complete the experiments outlined in this proposal. If these efforts are successful, the production of pep-ephrinA4 as a safe, commercially available drug will be of outstanding benefit to military service personnel that experience trauma or suffer from PTSD.
– Military Significance: State precisely the estimates as to the immediate and/or long range usefulness of this study to the U.S. Armed Forces, as distinguished from general advancement of knowledge in medicine.
PTSD affects 25-35% of combat soldiers who have experienced a severe traumatic event.  PTSD symptoms in veterans and active duty soldiers include: 1) Recurrent, intrusive reminders of the traumatic event, including distressing thoughts, nightmares, and flashbacks; 2) Extreme avoidance of things that remind them of the traumatic event; 3) Losing interest in everyday activities; 4)  Negative changes in thoughts and mood; 5) Hyperarousal that causes difficulties sleeping, concentrating, and may cause affected individuals to engage in unhealthy behaviors such as aggressive driving or the abuse of drugs or alcohol. While the symptoms of PTSD in military personnel can prove overwhelming in their own right, the condition is also closely linked to other health risks detected in active active-duty soldiers and veterans. For example, veterans who experience PTSD are at elevated risk for substance use disorders, as - 63% of military personnel diagnosed with substance abuse problems were also diagnosed with PTSD (Teeters et al., 2017). PTSD is also linked to cardiovascular problems, with one analysis of 200,000 veterans having e found that those with untreated PTSD face a 24% - 46% greater risk of hypertension (Burg et al., 2017). PTSD also often coincides with gastrointestinal issues such as irritable bowel syndrome (Irwin et al., 1996) , and with chronic pain, with ~35% of chronic pain patients meeting the criteria for PTSD (Asmundson et al., 2000). Thus, PTSD symptoms and associated health problems cancan thus impose significant suffering  cause great distress and interfere with the ability to perform tasks at work and at home, causing long-lasting disability of among active- duty military personnel and veterans. By affecting targeting the source of the PTSD, namely the memory of the traumatic event, our new pep-ephrinA4 drug can provides an opportunity to treat this the wide range of symptoms and health issues associated with PTSD. Pep-ephrinA4 has the potential to significantly reduce the odds of developing and maintaining PTSD, given that our preliminary results show that the acute systemic administration of pep-ephrinA4 significantly reduces fear memory and the risk of developing PTSD in a preclinical setting while also offering aan means of disruptingopportunity to disrupt established PTSD maintenance when applied in the context of fear memory retrieval. Strikingly, our preliminary data indicate that the efficacy of this drug is substantial. Thus, pep-ephrinA4 offers great potential as a tool that can help protect against PTSD development when provided to military personnel who have experienced a traumatic event in combat or other situations. Pep-ephrinA4 may also help reduce PTSD among military personnel and veterans when administered before memory retrieval in a psychiatry clinic in the context of treatment. Our As such, our novel peptide drug thus represents a potentially invaluable tool that may help alleviate the disproportionate burden of PTSD facing members of the armed forces and their loved ones.
– Public Purpose: If appropriate, provide a concise, detailed description of how this research project will benefit the general public.
Traumatic events that lead to PTSD occurs also affect the general public, and approximately also in the general public. About 5% of adults in the USA.S. have suffer from PTSD in any given year. In Per the US Department of Veteran Affairs, approximately 13 million Americans had PTSD in 2020. 2020, about 13 million Americans had PTSD (taken from the US Department of Veteran Affairs). ThisOur drug will therefore also be extremely beneficial in mitigating abrogating the development of PTSD and to alleviating the symptoms of established PTSDreduce the symptoms of PTSD after it had been diagnosed in the general public.  
– Methods: Give details about the experimental design and methodology. If the methodology is new or unusual, describe it in sufficient detail for evaluation.
1. Describe how the proposed research is designed to achieve reproducible and rigorous results, including controls, sample size estimation, randomization, statistical analysis, and data handling.
[bookmark: _Hlk130989103]Objective #1: In this objective, we will explore other pep-ephrinA4 dose amounts and dosing routes that may further enhance pep-ephrinA4 efficacy. The We previously found that the subcutaneous injection of the pep-ephrinA4 subcutaneously can significantly impact leads to a considerable effect of the peptide on fear memory when applied immediately after fear conditioning (Figure 2) or before memory retrieval (Figure 3). In this objective, we will explore other pep-ephrinA4 dosing levels and dosing routes that may further enhance the efficacy of this peptide drug. In this part, we aim to evaluate whether we can increase even more the effects with other dosing strategies.  
Dosing levelse amounts: In our preliminary experiments, results pep-ephrinA4 was injected subcutaneously at into Sprague-Dawley (SD) rats at 0.2 mg/250 g body weightthe amount of 0.2mg (per 250 gr body weight) to Sprague Dawley (SD) rats  aand was able to mitigate prevent the development of fear memory of developmentthe traumatic effect when injected 1 hour h after fear conditioning or to impair the fear memory maintenance of the traumatic memory whewhen administered 30 min prior ton applied 30 minutes before memory retrieval. Fear memory was tested one day following the a day after the application of pep-ephrinA4. In this objective, we will expand these analyses by testing three pep-ephrinA4 doses (0.2 mg, 0.8 mg, and 3.2 mg) and three different administration routes (see below). Control animals will instead receive an iWe will therefore use 0.2 mg as the lowest dose. We will test additional 3 doses (0.2mg, 0.8 mg, 3.2mg) in the 3 different routes of application (see below) to evaluate whether the pep-ephrinA4 can be even more effective at higher doses.  The controls will receive the inactive peptide (pep-control;- see above). 
Pep-ephrinA4 application administration routes: We In preliminary work, rats were subcutaneously injected with pep-ephrinA4 (see above).have used a subcutaneous injection of pep-ephrinA4 into the rats (see results above). To examine whether different routes of administration of the drug will lead to an even stronger effect on fear memory we will also administered this peptide intravenous (IV) and intranasally (IN), as these apply the pep-ephrinA4 also intravenously (IV) and intranasal (IN). All of these methods have been shown to be useful toeffectively deliver peptides to the brain in different species (e.g. Dewji et al., 2018).  Subcutaneous injection at all three dose levels will be performed through approaches 
Subcutaneous injection: The subcutaneous injection of pep-ephrinA4 will be done with all doses above as performed routinely used in our laboratory (Dines et al., 2014; Mana et al., 2022). Subcutaneous injection is a useful approach to delivering peptides into the brain (e.g. Leithold et al., 2016). IV injection will be performed via the tail vein, ensuring 	Comment by Editor: I suggest this be deleted.
Intravenous application: For IV injection, pep-ephrinA4 peptide will be directly injected into the tail veins. An IV injection ensures the rapid achievement of high peak concentrations. IV administration is useful for the delivery of peptides to the brain (e.g. Adessi et al., 2003; Dewji et al., 2018).	Comment by Editor: Again, I suggest this be deleted.
Intranasal application: For IN administration, different pep-ephrinA4 doses  (60 μL/rat) of the different peptide amounts will be administered to each rat by placing 10 μl of dosing solution in each nostril (20 μL total per administration) at at 6 min intervals using an6-min intervals so that the 60μl will be administered over an 18-min period. IN administration will be carried out using a rICD Device Kit (item#1000007;) manufactured by Impel NeuroPharma;  (kit ID:019) (Dewji et al., 2018).  Nasal drug delivery may enableprovide a more rapid onset of activity, quickly achieving therapeutic levels through a convenient, easy-to-implement dosing route. , may achieve faster therapeutic levels and is convenient and ease-of-use. It was has also been shown to be ideal for for the delivery of certain peptides to the some peptide delivery to the CNS (e.g. Banks et al., 2004; Dewji et al., 2018). 
Fear conditioning training and testing: Fear conditioning training and testing are performed routinely in our laboratory (e.g. Dines and Lamprecht, 2014; Mana et al., 2022). For the post-training immediate application of pep-ephrinA4, we will use the a fear conditioning protocol as in Dines and Lamprecht (2014) (Figure 2). For experiments where the peptide is given before retrieval, we will use implement the fear conditioning experiment followed by the a reconsolidation protocol as in Mana et al., (2022) (Figure 3).   
[bookmark: _Hlk130904008][bookmark: _Hlk130904051]Fear conditioning: Rats will be habituated for 2 days to the training chamber for 30 min each per day. On the next following day, the animals will be subjected to the fear conditioning protocol. Three At 300 s afterhundred seconds after the start of the training, animals will be presented with five pairings of tone (conditioned stimulus [(CS]) - —40 s, 5 kHz, 80 dB) that co-terminate with a foot shock (unconditioned stimulus [(US]) - —0.5 s, 1.5 mA). The inter-trial interval will be random with an average of 180 s. Rat groups will be tested in a different context at the indicated time (in Oobjectives #1 and and #6, -24 hours h fear conditioning; In Objectives #4 and #5, at  and in objectives 4 and 5- at different time points after fear conditioning). Three At 300 s hundred seconds after the start of testing, animals will be subjected to five tone presentations (40 s, 5 kHz, 80 dB) with an average inter-trial interval of 180 s on average. 
Fear conditioning reconsolidation experiments: The rReactivation of fear memory will be done performed at the appropriate time after training (see in oObjectives #1,- 24 hours after fear conditioning; and in objective 5- Objective #5, additional time points after fear conditioning) by subjecting the animals to the CS tone in a different context (Formica floor no white light and infrared illumination). Three At 300 shundred seconds after the start of training, the animalanimals will be subjected to a single tone (40 s, 5 kHz, 80 dB). Rat groupsRats will be tested in this different context at different times after fear memory reactivation (Oobjective #1, - 24 hours h after fear memory reactivation; Objective #5, and in objective 5- additional time points after reactivation) for long-term memory. At 300 s Three hundred seconds after the start of testing, animals will be subjected to five -tone presentations (40 s, 5 kHz, 80 dB) with an average inter-trial interval of 180 s. on average. 
In all experiments, behavior (freezing) will be recorded and the video images will be transferred to a computer equipped with an analysis program (FreezFrama). The percentage of changed pixels between two adjacent 1 -s images will be used as a measure of activity.
[bookmark: _Hlk130989358]Objective #2: We will perform a rigorous evaluation of pep-ephrinA4 to achieve the most effective and healthy safe dosing regimen in order to inform future human testing. Our in vivo studies . Animals dosing regimen of pep-ephrinA4 in humans will need to be replicated based also on toxicology in animal studies. Our in vivo study designs will identify any sign evidence of toxicity if and which, if any, organs are affected, as well as the reversibility of occur, organs that may be affected, the reversibility of any observed toxicities, and identify potential biomarkers associated therewith. (objectives 2 and 3).  We understand that maintaining a state of compliance with future clinical regulations is arguably one of the more important elements of our program, and a failure to meet  and not meeting these requirements could result in a delaying delay the translation of these results to the next stage of development and clinical trial initiation by pharmaceutical companies using our  initiate clinical trials (by a pharmaceutical company that will use our pep-ephrinA4 construct. T). These tests will be therefore be conducted by Envigo (Israel) and Analyst Research Laboratories (Israel), as they  which are very experienced in these types of tests testing and are certified,  and independent companies.  
[bookmark: _Hlk130904150][bookmark: _Hlk131767941]Pharmacokinetic (PK) studiess (PK): The PK studies will aimaim of this part is to evaluate the distribution of pep-ephrinA4 in the blood plasma and different organs using the dosing strategy (route of administration and amount) that was found to be most effective in Oobjective 1. This animal experimental study will be performed by thean independent companiesy Envigo,o which will perform the dosing and harvest ofcollect plasma and organs, and by Analyst Research Laboratories, which will perform the analysis of pep-ephrinA4 distributions in the plasma,  and brain, heart, kidneys,  and liver. The design of the for this experiment described here was constructed after consultations with scientists at these two companies.the responsible scientists at Envigo and Analyst Research Laboratories. We will use male SD rats (, 9-10 weeks old, 250 g)of age (250 gr). The rats  that will be divided into different groups (n=6/group) from which blood and tissue samples will be collected before the administration of pep-ephrinA4, or at 15 min, 60 min, 2 h, 4 h, or 8 h following the administration of pep-ephrinA4 according to Envigo recommendations. and blood and tissue will be collected: 1) Before application of pep-ephrinA4 (n=6).  2) 15 minutes after application of pep-ephrinA4 (n=6). 3) 30 minutes after application of pep-ephrinA4 (n=6). 4) 60 minutes after application of pep-ephrinA4 (n=6). 5) 2 hours after application of pep-ephrinA4 (n=6).6) 4 hours after application of pep-ephrinA4 (n=6). 7) 8 hours after application of pep-ephrinA4 (n=6). Blood collection: Blood samples will be obtained from the sublingual vein under general isoflurane anesthesia bleeding. Amount of blood to be collected: TBD. Number of aliquots- TBD. Method of collection and tubes to be collected in: TBD. Tissue collection: . Following perfusion with cold PBS t(through the left ventricle, ), lLiver, kidney, brain, and & heart tissues s will be dissectedharvested, weighed, and flash-frozen in separate tubes on dry ice.  Plasma and tissue samples will be stored at -80oC until delivered to Analyst Research Laboratories to determine the pep-EphrinA4 concentrations therein..  	Comment by Editor: What does this mean? They selected the timing? If so, you do not need to say this.
Detecting the pep-ephrinA4 concentration in the different tissues and plasma will be done at Analyst Research Laboratories following our discussion with the company using the following protocol: 
[bookmark: _Hlk130904265]Objective #3: Animal health: In this partFor this objective, we aim to assess any potential toxic effects of pep-ephrinA4 application administration to male Sprague Dawley D rats using the dosing strategy (route of administration and amount) that was found to be most effective in Oobjective 1. This animal experimental study will be performed by an Envigo, and the study was designed independent company Envigo (Israel). The design of the experiment described here was constructed after consultation with the responsible scientist at Envigo. After 5 days cagea 5-day acclimation period, rats will be  acclimation animals will be divided into two groups: 1) a vehicle control group (n=6) and a pep-ephrinA4 treatment group using the optimal dosing strategy identified in Objective 1 (n=6). Cage-Vehicle Control Group (n=6). 2) Pep-ephrinA4 at the dosing strategy (route of application and amount of pep-ephrinA4) found to be most effective in objective 1 (n=6). Cage-side observations will be performed once daily for 2 weeks. Body wWeight will be measured on the day of dosing. Clinical signs will be tested on the day of dosing a, and prior to sacrifice onea week later. Clinical Pathology: Hematology, biochemistry, andy & coagulation parameters will be determined analyzed in all animals. Necropsy will be performed for all animals u Necropsy: The necropsy will be performed under general anesthesia. All animals will be subjected to a full detailed macroscopic examination at the scheduled sacrifice session time point one day after final dosing. This exam(1-day post-last dosing). It will be performed in for all animals and following overnight food deprivation. These additional tests will be performed:  Tests to be performed will include heHematology (: Hemoglobin concentration, Hematocrit, Red Blood Cell count, White Blood Cell count, MCV, MCH, MCHC, Platelet count, and Differential Leukocyte count [%]),(%) c. Clinical cChemistry (: Calcium, Albumin, & Globulin, Chloride, Aspartate aminotransferase (AST), Phosphorous, Alanine aminotransferase (ALT), Potassium, Glutamyl transpeptidase (GGT), Sodium, Creatinine PhosphoKinase (CPK), Triglycerides, Alkaline phosphatase (ALP), Glucose, Urea nitrogen,  and Total serum protein,  - Total bilirubin, Total cholesterol, Blood creatinine, and LDH), and coagulation (aPTT and PT) analyses. In cases where evidence of toxicity is detected, . Coagulation: aPTT and PT. In case a sign of toxicity will be found we will reduce the dose to the second most effective found in objective #1 and repeat the test and so forth. 	Comment by Editor: Not daily?
[bookmark: _Hlk130989421]Objective #4: In this partobjective, we will examine the lasting effects of the pep-ephrinA4 when given immediately after fear conditioning. We will train the animals for fear conditioning as above. We will then apply the pep-ephrinA4 1 hr after fear conditioning. The utilized dosing strategy will be the one that was shown found to be most effective in Oobjective 1. Control animals will be injected with pep-control (Figure 1).1. Animals injected with pep-control (the control peptide see figure 1) will serve as controls. Animals will be divided into different groups that will each be tested once: Group 1 - 1 week, Group 2 - 1 month, Group 3 - 6 months, or Group 4 - a year after  1 year post-training. Testing of fear conditioning memory as will be performed above.   
 Objective #5: In this partobjective, we will test whether the pep-ephrinA4 has an effect onaffects fear memory when applied before fear memory retrieval at different times after fear conditioning. We will also measure the duration of such an effect. We will train the animals for.  Ffear conditioning as will be performed as above. The dosing strategy will be the one that was shown found to be most effective in Oobjective 1. Then the animals will be divided to into different groups and applied administered with pep-ephrinA4 30 minutes before fear memory retrieval (as above). Fear memory retrieval will be performed at different time points after fear conditioning training: Group 1 - 1 week after fear conditioning, Group 2 - 1 month after fear conditioning, and Group 3 - 6 months after fear conditioning. These groups will be divided into 4 groups for fear memory testing (as above): Group 1 -- 1 week after fear memory retrieval, Group 2 - 1 month after fear memory retrieval, Group 3 - 6 months after fear memory retrieval, and Group 4 - a year after fear memory retrieval.   
Objective #6:  In this partobjective, we will study the effects of pep-ephrinA4 on other memories t, that are formed by the amygdala, when applied administered 1 hour after fear conditioning or when applied administered days after fear conditioning before memory retrieval. Toward To that end, we will train the animal withwith a conditioned taste aversion (CTA) protocols established at in the Lamprecht laboratory (Sweetat et al., 2012; Alapin et al., 2020), as CTA  which is mediated by the basolateral amygdala (REF). We will train rats for Rats will undergo CTA training, followed onea day later by fear conditioning. We will then apply the pep-ephrinA4 immediately after fear conditioning or onea day later 30 minutes before fear memory retrieval. We will test fear memory one a day after the application of the pep-ephrinA4 and three days afterward for CTA memory. Because the application of pep-ephrinA4 ioccurss immediately after fear conditioning or 30 minutes before fear memory retrieval, l we predict that it will affect fear memory specifically while lleaving CTA memory intact. This prediction is also derived from our observations that the effect of the peptide is time sensitive and needed that it needs to be given administered at a specific time (e.g. 30 minutes before memory retrieval but not after) to be effective (Mana et al., 2022). 
Methods: Fear conditioning, fear memory reconsolidation, and pep-ephrinA4 treatment will be performed as above. 
Conditioned taste aversion training: As CTA training will be performed using routine protocols in the done at the Lamprecht laboratory (e.g. Sweetat et al., 2012; Alapin et al., 2020). Rats will be trained for 3 days to get receive their daily water ration (once only, for 20 min) from two pipettes, each containing 10 ml of tap water. On the fourth day, the conditioning day, rats will be given the a saccharin solution (0.1% w/v; conditioned stimulus-CS) , instead of water (for 20 min), and 40 min later they , will receive  a 0.15 M LiCl injection (ii.p.;  (volume: 2% of body weight; unconditioned stimulus [-US]). After training the animal will receive water ad libitum until the CTA memory test (see below).   
Conditioned taste aversion testing: Two days before testing,  the rats will receive a daily water ration (once only, for 20 min) from two pipettes, each containing 10 ml of tap water. The following day, A day afterward the rats will be tested for CTA memory in athrough a multiple-choice test experiment (three pipettes with 10 ml of saccharin solution and three with 10 ml of water). The results will be presented as an aversion index, which is defined as the volume of water consumed over total fluid intake [(ml water/(ml water + ml saccharin solution)) × 100], where an index of 50 indicates no preference and the higher the index, the greater the preference for water.
2. For synthetic chemistry applications, include a clear statement of the rationale for the proposed syntheses. Outline and document the routes to the syntheses.
The pep-ephrinA4 peptide (RRQRYTPFPLGFEK) and control peptide (Ac-RRWSGYEACTAEGK) will be produced at high quality (Purity: > 98% (HPLC, 214 nm) at by GL Biochem (Shanghai, China)- as in our previous studies (Dines and Lamprecht, 2014; Mana et al., 2022) at high quality (Purity: > 98% (HPLC, 214 nm)).   
[bookmark: _Hlk130988996]3. For studies involving human and animal research, provide a statistical and data analysis plan. Include a complete power analysis to demonstrate that the sample size is appropriate to meet the objectives of the study. Describe the statistical model and data analysis plan with respect to the study objectives as appropriate to the type of study. Specify the approximate number of human subjects that will be enrolled. If multiple study sites are involved, state the approximate number to be enrolled at each site. Investigators must develop protocols for research with human subjects and/or human anatomical substances that are specific to the DOD supported effort outlined in the submitted proposal/application. The research protocol submitted for OHRO review MUST only include those activities funded by the DOD, as referenced in the Statement of Work (SOW). The OHRO will NOT review protocols submitted for DOD-funded activities if such studies have been added to an ongoing/existing protocol.
Methodological and statistical considerations: We will have a rigorous study design following the guidelines of Landis et al., (2012) as recommended by the DOD. Moreover, we are in contact with the University of Haifa Statistical Consulting Unit which advised on this proposal. Briefly, we will use the following best practices when completing the proposed project: Randomization:- Animals will be assigned randomly to the various experimental groups with using a randomized block design of with block sizes of 4 and 6. . Blinding: Individuals caring for the animals and conducting the experiments will be blinded to the allocation sequence and, blinded to group allocation, while the  and the personsIndividuals assessing, measuring, or quantifying the experimental outcomes will be blinded to the intervention (e.g. pep-ephrinA4 or control peptide). Statistical methods: To perform the experiments at the best practice we will use wWell-established statistical methodological principles according detailed in the literature will be used to guide this research effort. to the literature. To examine the doseeffects of pep-ephrinA4 dose level and dosing route, multi-way ANOVAs will be used to test for-effect and routes of administration effect, while considering the differences between rats we will use a multi-way ANOVA model with interactions for continuous outcome measures (fear memory). For binary measures of fear memory, we will use multiple logistic regression analyses. Whenever multiple measures will be taken on using the same rats, we will use the mixed-effects version of the above-suggested models (mixed-effects ANOVAs or mixed-effects logistic regression analyses as appropriate, with each rat being defined asn), where the rat is defined as a random block in the model , to consider the within- rat dependency. Sample size a priori estimation: We will perform an a priori power calculation to estimate the sample size of the effect we are looking for and design our study accordingly. The exact sample sizes (number of rats) will be chosen based on a power analysis with effect sizes that we identified in our studies (see above). We will use a power level of 80% and a significance level of 5% (Button et al., 2013). Data collection: Data collection criteria is will be defined before data is collected and data collection will be stopped terminated if an animal looks unwell (as determined by a  (by the University of Haifa veterinarian who is blinded to the treatment and check the animals dailyand completes daily inspections) or if any malfunction is observed in the fear conditioning training and testing apparatus. These Any animals excluded from the study excluded animals will be reported. Outliers will be defined when a data point is above more than 3 standard deviations from the mean in either direction, and will be removed and reported. 3 standard deviations in each direction from the average. These data points will be removed and reported. The primary endpoint is prospectively selected and described in the methods above. We will use a rigorous biological replicate namely result from a single animal will contribute to a single data point. We will report how often a particular experiment was performed and whether results were substantiated by repetition under a range of conditions.	Comment by Editor: Have I understood this correctly?	Comment by Editor: In my experience, grants usually provide approximate completed power calculations, particularly as I assume you need to generate a budget and would thus need to plan for a given number of rats. Some of these numbers seem to be above so just consolidate here if you can.	Comment by Editor: Your meaning isn’t entirely clear to me – do you mean the types of data being collected? How it is collected? Is this already planned or are you intentionally keeping it vague here?
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