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BIO/PSY 351 LAB: 
INQUIRY DRIVEN RESEARCH IN SYSTEMS NEUROSCIENCE


Dr. Jennifer Larimore			
jlarimore@agnesscott.edu	
OFFICE LOCATION: BSC 201W     	
OFFICE HOUR: Tuesday & Thursday 1 PM - 1:50 PM
LAB:  Every Tuesday 2 - 5PM G15.2
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1. REQUIRED TEXT AND MATERIALS

1. Medical Neurobiology. Peggy Mason 2nd Edition. Oxford University Press

2. Lab DESCRIPTION 
For this semester, you are going to work with a lab group to design a test to determine if a variable you identify could impact anxiety (open field test) or depression (forced swim) in mice. We will be using C57/Black 6 (C57/B6) as our control mice and SHANK3B deficient mice (autism mouse model) mice from Jackson Labs. 

These are an inbred strain of mice. You are required to look up more about them on the Jackson Lab website (jax.org). There is more information in the lab manual about the tests.

Forced swim test is a behavioral test used to measure depressive-like behavior in mice. Open field test is a behavioral test used to measure anxiety behavior in mice. We have 2 articles that describe the protocols in their entirety (they are in your lab manual). Read these articles BEFORE your group decides on your experimental design.

Credit and workload: BIO/PSY 351 Lab is a 1-credit course. Here is the workload:
1. 2 hours in-class time + 3 hours out of class work
2. read the manual/watch tutorial videos (about 60 minutes) outside of class
3. read the articles for background about anxiety, depression and your variable of interest (about 90 minutes)
4. CITI training (5+ hours)
5. work on presenting your poster (about 30 minutes)
3. CLASS GOALS
1. Critical thinking/Problem Solving – through weekly article analysis, students will be able to critically read and evaluate scientific literature. Through designing experiments and inquiry-driven laboratory experiences, students will sharpen their ability to think critically about neuroscience. 
2. Oral Communication – through article presentations and lab poster presentations, students will demonstrate their abilities to present scientific findings to a broad audience.
3. Written Communication – through weekly assignments and the Grant pre-proposal, students will demonstrate their ability to write scientifically.
4. Teamwork/Collaboration – working with a lab team as well as a team for presentations will enable the students to practice real-world teamwork competencies that are taught as a part of SUMMIT.
5. Digital Technology – students will learn how to navigate various online resources to complete assignments and collaborate with peers. Students will actively use CITI, Canvas, PubMed, Google Drive and Power point.
6. Research Skills – because of this course, students can design an experiment, analyze the results, draw conclusions, and report on the research both with scientific writing and an oral presentation. The laboratory portion of this course is designed to enhance the learning in the lecture as well as progress the career of each student as a scientist. 

Example CV Entry for this Lab
Agnes Scott College, Decatur, Georgia
Spring 2021
Student Researcher, Lab Instructor’s Name, Ph.D., mentor
Based on current literature and knowledge, I designed a line of questioning to explore the role XXX in anxiety and depressive like behaviors in a mouse model. After completing CITI training, I worked with a diverse lab group to run the forced swim test and an open field test with 5 control and 5 variable mice. I analyzed the data using standard statistics. This data resulted in a poster presentation at a campus research day.





4. LAB GRADE BREAKDOWN 
Poster	presentation in lab		20 points
SpARC presentation			40 points
Scotties with Nerves Presentation	40 points
Pre-Lab assignments		90 points ( 9 assignments x 10 points)
Post-Lab Deliverables		90 points ( 9 assignments x 10 points)
Peer Evaluations			30 points

*additional points or assignments may be added by the instructors
The following grading scale will apply for converting numerical grades into final letter grades:
93 to 100: A, 90 to 92.9: A-, 87 to 89.9: B+, 83 to 86.9: B, 80 to 82.9: B-, 77 to 79.9: C+, 73 to 76.9: C, 70 to 72.9: C-, 67 to 69.9: D+, 63 to 66.9: D, 60 to 62.9: D-, Lower than 60: F
*lab grade is separate 

If you miss more than 2 labs, your grade will be reduced by 1 letter grade.

No late work is accepted. If you have any extenuating circumstances - health or family crisis - that would require an extension on more than 1 assignment, you will need to reach out to the Office of Accessible Education. They can confidentially receive any of your information and email ALL of your professors simply stating that due to a current crisis, you will need extended time on an assignment.

5. ACADEMIC HONESTY FOR YOUR WORK AS A SCIENTIST ACCORDING TO OUR HONOR CODE: 
· You are responsible. Violations of the honor code result in consequences ranging from failure of the assignment, failure of the course, to expulsion from the college. Speak with your professors if you need clarification. 
· By placing your name on ANY assignment, you are stating that you completed that assignment with academic honesty. 
· do not allow another party to do your work/exam
· do not submit the same or similar work in more than one course without permission
· Cheating includes (a) doing work for another person (b) looking on another person’s exam for answers (c) using exams from previous classes without permission (d) using unauthorized notes or resources or  (e) helping another student (or receiving help) on work/exam that is supposed to be completed independently.  
Plagiarism: 
· Plagiarism can include portraying another’s work or ideas as your own, buying a paper online and turning it in as if it were your own work, or not citing or improperly citing references on a reference page or within the text of a paper.  
· If you are using a source and citing the source, the information from that source STILL must be reworded in your own voice. 
· Do not cut and paste from the slide, your book, your neighbor, Wikipedia, or the internet. 
Intellectual Fraud: 
· do not falsify or create data and resources or alter a graded work without the prior consent of your professor. 
· do not make up a reference for a works cited page or statistics or facts for academic work.
Results of Dishonesty:
· Academic dishonesty is reported to medical schools and graduate schools as per their request. 
· Anyone caught cheating relinquishes the privilege of asking for a letter of recommendation.
· academic dishonesty will receive a 0 on the assignment.
· Acts of academic dishonesty will be turned over to the Honor Court.

6. LAB COMPONENTS
Pre-LABs: There are pre-lab assignments (individual assignments) due at 5:00 PM on Friday so that I can look them over before you come to lab. Late work is not accepted.

For each lab, you are expected to read ahead to understand what protocols we are running in lab that week. You will need to bring a personal copy of your lab manual to lab. 

Because of the way the lab runs, if you do not complete the pre-lab assignment on time, you will not be allowed to attend lab. 

Post-LABs: There are After lab assignments (post lab deliverables and group assignment) - they are due at 11:59 PM on the day of lab. Late work is not accepted.

PPE: Because of some of the chemicals, closed toed shoes and protective eye wear is necessary. As we are looking at protein levels, we do not want to contribute personal protein to the samples, so hair needs to be out of the way - whatever that looks like on an individual basis is fine.

Email: Instructors will make announcements regularly via email.  It is your responsibility to check your Agnes Scott email account daily. When responding to a professor via email, take care that your email is professional.

Technology: You will need access to a tablet or laptop for each class period. Contact the professor or ITS if you need assistance with this. Cell phones MUST be in the silence mode prior to entering the classroom or lab. They should never be visible during class time.

7. Lab Policies:
Expected Classroom Etiquette and Letters of Recommendations: This is a team based, problem solving curricular approach. As such, you need to be present to work well with your team. And you need to be prepared for the discussions. Additionally, many of the topics we cover are sensitive. It is expected that you treat all your peers with the utmost respect as we discuss sensitive issues. If you ask the professor for a letter of recommendation, then it is expected that you came to the majority of classes, you came prepared to join in the discussions and your actions and language reflected respect for ALL of your peers.
 
Content Warning and Inclusion:  This course will explore the human brain and behavior, which might raise issues of racism, sexism, classism, heterosexism, cissexism, ableism, and other kinds of privilege.  I invite you to come see me if want more information.  If you feel you will be unable to fully participate in the course requirements, set up a meeting with the course instructor to determine appropriate accommodations. This course adheres to the principles of diversity and inclusion integral to the Agnes Scott community.  We respect people from all backgrounds and recognize the differences among our students, including racial and ethnic identities, religious practices, and gender expressions.  We strive for our campus to be a safe space in which all students feel acknowledged and supported.  At the same time, we understand that course content, critical inquiry, and classroom dialogues give us opportunities to examine topics from a variety of perspectives.  Such discourse is a defining feature of a liberal arts education, and can compel debates that challenge beliefs and positions, sometimes causing discomfort, especially around issues related to personal identities.  While we uphold and preserve the tenets of academic freedom, we request and invite your thoughtful and constructive feedback on ways that we can, as a community of learners, respectfully assist and challenge one another in our individual and collective academic work.

e-mail/tech: Instructors will make announcements regularly via e-mail so check your Agnes Scott email account daily. When responding to a professor over email, take care that your email is professional. Cell phones should be in the silence mode prior to entering the classroom or lab. 

Deadlines:  It is your responsibility to keep up with the class material. Students are expected to attend all class periods, except in cases of documented illness or emergency.  If a missed class cannot be avoided, it is STRONGLY recommended that you contact the instructor IN ADVANCE, or within 24 hours of the class period.  

ADA and Title IX:  If you have a disability that may have some impact on your work in this class and for which you may require accommodations, please the Office of Academic Advising to register for services. For the safety of the entire community, any incidence of or information about sexual misconduct must be reported immediately to the Title IX Coordinator.

Inclusion:  This course adheres to the principles of diversity and inclusion integral to the Agnes Scott community.  We respect people from all backgrounds and recognize the differences among our students, including racial and ethnic identities, religious practices, and gender expressions.  We strive for our campus to be a safe space in which all students feel acknowledged and supported.  At the same time, we understand that course content, critical inquiry, and classroom dialogues give us opportunities to examine topics from a variety of perspectives.  Such discourse is a defining feature of a liberal arts education, and can compel debates that challenge beliefs and positions, sometimes causing discomfort, especially around issues related to personal identities.  While we uphold and preserve the tenets of academic freedom, we request and invite your thoughtful and constructive feedback on ways that we can, as a community of learners, respectfully assist and challenge one another in our individual and collective academic work.



TENTATIVE SCHEDULE:
**schedule is subject to change based on the breeding patterns of the mice
**UNDERSTAND science is messy and rarely follows a schedule. Because this is an inquiry-based lab, the dates in the syllabus are merely a suggestion. These dates will change.

1/9	Lab #1: Syllabus and CITI training

1/16	Lab #2: Background reading (mouse strains, the behavioral tests)

1/23	Lab #3: Start looking up ideas for a hypothesis.

1/30	Lab #4: Hypothesis Finalization, write abstract and add to poster.

2/6	Lab #5: Animal Handling Introduction, Materials and Method Flow Chart for poster

2/13	Outside of lab – polish your poster/make corrections from any feedback and turn the corrected poster back in on Canvas

2/20	Lab #6: Forced Swim Test (FST) - behavior testing and download the videos at the end of lab.
	
2/27	Lab #7: Open Field (OF) Test - download videos at the end of the lab.	

3/5 and 3/12 – Journeys, Peak Week, and Spring Break	

3/19	Lab #8: FST analysis/Make figures (not just the graph) of the data and add it to your poster.

3/26	Lab #9: OF analysis/Make figures (not just the graph) of the data and add it to your poster.

4/2	Outside of lab: Practice presentation

4/9	Lab #10 Present Poster to the lab

4/16	Print your poster following the instructions in the manual in the section describing the final poster. 

4/23 	Present at SpARC

4/26  Present at Scotties with Nerves 4:30 PM – 6 PM	






BIO 351: Systems Neurobiology Lab Manual
 
General Lab Background:

Neurodevelopmental disorders, such as autism and schizophrenia, are pervasive disorders with impacts on individuals, caregivers, educational systems, and society. Autism spectrum disorders (ASDs) impact 2.2% of the U.S. population (~5.4 million individuals) and are characterized in part by impairments in social interactions, social communication, sleep, learning and memory. Aberrant connectivity among neurons underlies autism phenotypes, and that altered connectivity is a result, in part, of altered dendritic spine volume and density of patients with autism (Martinez-Cerdeno 2018). Schizophrenia impacts 1.2% of the U.S. Population (~3.2 million individuals) and is characterized in part by impairments in social interactions, sleep, learning and memory, and disorganized speech. Many of these neurodevelopmental disorders report higher incidence of depression and anxiety when compared to neurotypical individuals. This lab will explore the behavioral implications of an Autism Mouse model. The mice we will be using are C57/Black 6 (the control mouse with no mutation) and the SHANK3B mutant mouse (autism mouse model).
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SHANK3B codes for key PSD proteins at glutamatergic synapses. Shank3B is part of the glutamate receptor protein complex that physically links ionotropic NMDA receptors to metabotropic mGlu5 receptors, a linkage which is necessary for plasticity induction (Figure 5) (Heavner et al 2021). 

Reduction of Shank3B protein results in spatial memory deficits and alterations in excitatory neurotransmission (Balaan et al 2019, Brown et al 2018, Chen et al 2020, Cope et al 2023, Dhamne et al 2017). As such, the SHANK3Btm2Gfng/+ mice make an excellent model to study how synaptic morphology is regulated in development.

The SHANK family of proteins is responsible for synapse formation and synaptic plasticity at glutamatergic synapses. SHANK3B codes for key postsynaptic density (PSD) proteins at glutamatergic synapses (Jiang and Ehlers 2013, Mullin et. al., 2013, Grabrucker et. al., 2011, Foss-Feig et. al., 2017). Shank3B is part of the glutamate receptor protein complex that physically links ionotropic NMDA receptors to metabotropic mGlu5 receptors, a linkage which is necessary for plasticity induction (Figure 4). This linking of NMDA receptors to mGluRs is through interactions of Shank3B with scaffolding proteins PSD95-GKAP-Shank3-Homer. 

For this semester, you are going to work with a lab group to design a test to determine if a variable you identify could impact anxiety (open field test) or depression (forced swim) in mice. We will be using C57/Black 6 (C57/B6) as our control mice and SHANK3B deficient mice (+/-) (autism mouse model) mice from Jackson Labs. 

These are an inbred strain of mice. You are required to look up more about them on the Jackson Lab website (jax.org). 

Forced swim test is a behavioral test used to measure depressive-like behavior in mice. Open field test is a behavioral test used to measure anxiety behavior in mice. We have 2 articles that describe the protocols in their entirety (they are in your lab manual). Read these articles BEFORE your group decides on your experimental design. 


Here is an abstract about the knockout Shank3B mouse (-/-). We will be using the heterozygote (+/-).

Neurobiol Stress. 2021 Nov 12:15:100417.
Dissection of the relationship between anxiety and stereotyped self-grooming using the Shank3Bmutant autistic model, acute stress model and chronic pain model
Haiying Liu 1, Xin Huang 2, Jinwei Xu 1, Honghui Mao 1, Yaohao Li 1, Keke Ren 1, Guaiguai Ma 3, Qian Xue 1, Huiren Tao 4, Shengxi Wu 1, Wenting Wang 1

Abstract
Self-grooming is an innate, cephalo-caudal progression of body cleaning behaviors that are found in normal rodents but exhibit repetitive and stereotyped patterns in several mouse models, such as autism spectrum disorders (ASDs). It is also recognized as a marker of stress and anxiety. Mice with Shank3B gene knockout (KO) exhibit typical ASD-like behavioral abnormalities, including stereotyped self-grooming and increased levels of anxiety. However, the exact relationship between anxiety and stereotyped self-grooming in certain types of animal models is not clear. We selected three animal models with high anxiety to compare their self-grooming parameters. First, we confirmed that Shank3B KO mice (ASD model), acute restraint stress mouse model (stress model), and chronic inflammatory pain mouse model (pain model) all showed increased anxiety levels in the open field test (OFT) and elevated plus maze (EPM). We found that only the ASD model and the stress model produced increased total grooming duration. The pain model only exhibited an increasing trend of mean self-grooming duration. We used the grooming analysis algorithm to examine the self-grooming microstructure and assess the cephalo-caudal progression of grooming behavior. The results showed distinct self-grooming microstructures in these three models. The anxiolytic drug diazepam relieved the anxiety level and the total time of grooming in the ASD and stress models. The grooming microstructure was not restored in Shank3B KO mice but was partially relieved in the stress model, which suggested that anxiety aggravated stereotyped self-grooming duration but not the grooming microstructure in the ASD mouse model. Our results indicated that stereotyped behavior and anxiety may be shared by separate, but interacting, neural circuits in distinct disease models, which may be useful to understand the mechanisms and develop potential treatments for stereotyped behaviors and anxiety.

Lab Final Product: The Poster
[image: A poster with text and diagrams

Description automatically generated]Your final project for lab is a poster presentation. You will be graded individually. The rubric is on Canvas.
 
Sections of the poster will be due throughout the semester as a draft. This is to offer feedback prior to presenting. See Canvas for due dates.

Your lab group is responsible for printing your poster. Not the professor. Do not submit the poster until you have presented your draft to your lab group and received feedback.
 
To make a poster, open PPT or Google slides. White background only. White background/black font – Times New Roman. 


To do so, you will use the Ci- Saw space in the ground level of Alston. You MUST fill out this form by April 16th at 5PM. Failure to do so will result in loss of points.
 
This form will ask you to upload a PDF of your poster. and include your poster dimensions.  Your poster can be no more than 40 inches tall by 55 inches wide. Please print on matte paper. They will email you when the print is complete.
 
 https://docs.google.com/forms/d/e/1FAIpQLSfBytzi7wCEJdJlZ-Ab5cNpIpjslh-riOj281ijTxpQjai0CQ/viewform?vc=0&c=0&w=1&flr=0
 
Talk to your lab professor with any questions.
 
Your entire Lab group will be presenting your results. Each group will present for approximately 10 - 15 minutes. If you rush through this, people will not understand what you are saying. This is your lab grade. Take your time. Each person in the lab group is expected to do equal parts of the talking. 
 
Symposium Expectations 101: During the poster session, your poster stays up the whole time. You will need to dress and act professionally. Phones and devices stay put away. If you are not presenting, you should be visiting other posters to gain academic experience.
 
Your lab group will need to save a PDF version of your poster and upload it to Canvas. All group member names should be in the filename. 

For EACH section – make sure you have rehearsed your section at least 4-5 times. Your information should be understandable to someone who DID NOT conduct this research, but someone who is familiar with science. Consider practicing your information with a non-science major friend and see if they understand your presentation. Your information should be well organized, well explained. You need a good balance of text and diagrams for each section!

 
Author Line: Usually, authors write this from who contributed the most to the least, and the last author is the professor whose lab the research was conducted in. For this assignment, your group should list your group members in alphabetical order and your professor’s name should be last.

Introduction section: give background information to help our class understand your topic. Why is this experiment important? What background information will help us understand what was done? State the hypothesis. If you can give this information in a figure or a flow chart, it is way more appealing to people looking at your poster than a bunch of words!

Methods section: highlight the techniques used to gather the data. Explain what we are measuring and what we used for those measurements. You don’t have to give step by step on how to do it, just what these are and why we are using them for our experiment. The underlying concept to cover is why were these techniques used and how will they address the question that is stated in the hypothesis? If you can do this with a flow chart, it looks much better than a bunch of words!

 Results: the graphs, the tables, etc - should include a figure legend and a figure title. Any time you present a piece of data, always explain what the audience is looking at, what you did to arrive at the data you are seeing (what method you used), and what the data mean (your interpretation) and why they are important.

Conclusion:  simple statements (bullet points work) to describe the key, take-away points from the experiment and their importance in the field of study. How did the study contribute to the hypothesis? Also, this should include future studies – what would propel this study if there was something more to be added to it.

You will be graded on the aesthetics of your poster, AND the presentation of your poster. You will not only need to focus on the construction described above, but you will need to present your poster in a coherent, interesting, engaging, and prepared manner.















Lab 1: CITI Completion

Lab “to Dos”
(1) Turn in the course completion screen shot or PDF (NOT the course certificates). Failure to follow instructions will result in reduced grades. You are required to complete animal handling modules on CITI training website. This is to be completed during the lab time the first week of the lab and is due before the second lab.

Instructions here: https://about.citiprogram.org 

After you finalize registration, you will be assigned several modules and several of them have sub-modules. The modules you need are:
1. Biomedical Responsible Conduct of Research (RCR) – Basic Course – 17 modules
2. Information Privacy Security (IPS) -All Learners – Basic Course
3. Biomedical Data or Specimens Only Research – Basic/Refresher
4. Animal Care and Use – Group 1: researchers (faculty and students
5. Working with Mice in Research Settings – working with Mice in Research 
6. Basic Introduction to Biosafety
7. Animal Biosafety
8. OSHA Blood borne Pathogens.
9. Personal Protective Equipment – Basic Course
Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before the lab, otherwise you will not be allowed to attend the lab.

Below, by adding your initials, you are agreeing to the standards and regulations of the laboratory associated with BIO/PSY 351.
____ 1. I understand that under no circumstances am I to allow anyone into the animal room.
____ 2. I understand that under no circumstances am I to release or remove animals from the animal facility at Agnes Scott College.
____ 3. I understand that under no circumstances am I to take pictures of the research animals.
____ 5. I will conduct the research associated with this course with the utmost integrity and respect towards the research animals.
____ 6. I understand that failure to comply by these guidelines and the directives of the instructors could result in failure of the course (both lab and lecture).

Print your full name: ______________________   Date: _____________________

Post-Lab Deliverables (This is a group assignment/group turn in): 
(N/A)
Lab #2: Background reading (mouse strains, the behavioral tests)

Lab “to Dos”
(1) Use PubMed (search engine for research papers) to search what is known about SHANK3B mutant mouse. 
(2) Use PubMed to understand what autism looks like in humans as well as in mouse models. 
(3) Use PubMed to understand the role of anxiety and depression in neurodevelopmental disorders. Use this review (McArthur, Lee, and Laycock 2022): https://pubmed.ncbi.nlm.nih.gov/36138298/


Pre -Lab Assignment (This is an individual assignment):
Read the 2 jove articles that are used at the protocols for this lab (they are in this manual) on the lab for the day we carry out the behavior test (Forced Swim Test and Open Field)

Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before the lab, otherwise you will not be allowed to attend the lab.

1. What is the FST test? What does it measure?
2. Describe the steps of the FST test and how to set it up.
3. What is the OF test? What does it measure?
4. Describe the steps of the OF test and how to set it up.
5. Describe the mice we will be using this semester.

Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group should have a shared google doc with ideas about notes about the mice we are using and what the tests we are using this semester (OF and FST). Upload your Google Doc by the end of class.















Lab #3: Start looking up ideas for a hypothesis.

Lab “to Dos”
(1) As a lab group, identify a variable that may improve behavior in FST and/or open field. You will create a google Doc with links to abstracts and notes from those abstracts that explore the following: 

(a) Look through the abstracts and see what is known about SHAK3B mutant mice and the open field test. What remains unknown? Use the general article below as well:
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/open-field-test
 

(b) Look through the abstracts and see what is known about SHAK3B mutant mice and the forced swim test. Look up other variables that may impact depression or anxiety in mice. Use the general article below as well:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5609482/#:~:text=These%20include%20biological%20factors%2C%20such,surgery%3B%20schedule%20and%20routes%20of



Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before the lab, otherwise you will not be allowed to attend the lab.

1. What is the role of C57 B/6 mice in our experiments?
2. What are some of the characteristics of the SHANK3B mutant mice?
3. What is the genetic alteration in SHANK3B that we are using?
4. What are some things that may impact anxiety like behaviors in mice? https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/open-field-test
5. What are some things that may impact depressive like behaviors in mice (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5609482/#:~:text=These%20include%20biological%20factors%2C%20such,surgery%3B%20schedule%20and%20routes%20of)?

Post-Lab Deliverables (This is a group assignment/group turn in): 
1.  Upload your Google Doc by the end of class.



Lab #4: Hypothesis Finalization, write abstract and add to poster.


Lab “to Dos”
(1) Have your hypothesis/variable approved.
(2) Work with your group to plan your experiment and develop a flow chart in your google doc for the experiment.
(3) Write your abstract.

Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before the lab, otherwise you will not be allowed to attend the lab.

1. How many humans with autism are also diagnosed with depression?
2. How many humans with autism are also diagnosed with anxiety disorders?
3. What variables are your lab group considering?
4. What information should be included in an abstract?
5. What is the role/purpose of a scientific abstract?

Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group will turn in your draft of your poster that includes your title, your authors, and your abstract.


















POSTER SECTIONS for Lab #4:

Author Line: Usually, authors write this from who contributed the most to the least, and the last author is the professor whose lab the research was conducted in. 

For this assignment, your group should list your group members in alphabetical order and your professor’s name should be last.





The Contents of an Abstract
Abstracts contain most of the following kinds of information in brief form. The body of your paper will, of course, develop and explain these ideas much more fully. 

As you will see in the samples below, the proportion of your abstract that you devote to each kind of information—and the sequence of that information—will vary, depending on the nature and genre of the paper that you are summarizing in your abstract. 

And in some cases, some of this information is implied, rather than stated explicitly. 

The Publication Manual of the American Psychological Association, which is widely used in the social sciences, gives specific guidelines for what to include in the abstract for different kinds of papers—for empirical studies, literature reviews or meta-analyses, theoretical papers, methodological papers, and case studies.


Here are the typical kinds of information found in most abstracts:

· the context or background information for your research; the general topic under study; the specific topic of your research
· the central questions or statement of the problem your research addresses
· what’s already known about this question, what previous research has done or shown
· the main reason(s), the exigency, the rationale, the goals for your research—Why is it important to address these questions? Are you, for example, examining a new topic? Why is that topic worth examining? Are you filling a gap in previous research? Applying new methods to take a fresh look at existing ideas or data? Resolving a dispute within the literature in your field? . . .
· your research and/or analytical methods
· your main findings, results, or arguments
· the significance or implications of your findings or arguments.

Your abstract should be intelligible on its own, without a reader having to read your entire paper. And in an abstract, you usually do not cite references—most of your abstract will describe what you have studied in your research and what you have found and what you argue in your paper. In the body of your paper, you will cite the specific literature that informs your research.


[image: A diagram of a scientific research

Description automatically generated with medium confidence]






















Lab #5: Animal Handling Introduction, Materials and Method Flow Chart for poster

Lab “to Dos”
(1) Work with your group to change mouse cages.
(2) Add a Materials and Methods Flow Chart to your Poster.
(3) Add an Introduction to your Poster.

Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before the lab, otherwise you will not be allowed to attend the lab.

1. What is the role of material and methods sections on posters?
2. What is the role of introduction sections on posters?
3. What are common housing protocols for mice in research?
4. Explain the genetic difference in technical terms between the C57 B6 mice and the SHANK3B mutant mice. 
5. What other model systems are used most frequently in neuroscience (other than mice) – name 2? Why do we use them?


Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group will develop a schedule to change cages (on lab day) and daily check on your mice and submit that on Canvas.

Your lab group will also create a materials and methods section for the poster, add it to your poster draft, and upload the draft of your poster.

















Poster Sections for Lab #5

Introduction section: give background information to help our class understand your topic. Why is this experiment important? What background information will help us understand what was done? State the hypothesis. If you can give this information in a figure or a flow chart, it is way more appealing to people looking at your poster than a bunch of words!

Methods section: highlight the techniques used to gather the data. Explain what we are measuring and what we used for those measurements. You don’t have to give step by step on how to do it, just what these are and why we are using them for our experiment. The underlying concept to cover is why were these techniques used and how will they address the question that is stated in the hypothesis? If you can do this with a flow chart, it looks much better than a bunch of words!
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Lab #6: Forced Swim Test (FST) - behavior testing and download the videos at the end of lab.



Lab “to Dos”

(1) Work with your group to conduct the forced swim test (FST) (Jove article s below)



Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before the lab, otherwise you will not be allowed to attend the lab.
1. Describe – with detail – the steps of FST.
2. How will we analyze the FST videos? How do we score the videos?
3. What type of graph will we make at the end of this lab? What is on the X axis? On the y-axis?
4. How will this data support/not support your hypothesis?
5. Describe a T-Test.

Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group will capture video of FST of the animals for this lab. You will upload the videos to a google drive folder and share that folder with the professor through a link upload on Canvas.
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T-Test in Excel

(or instructions for a T-test in google sheets here: https://support.google.com/docs/answer/6055837?hl=en)

Step 1: Enter your data in an organized fashion.
Be sure to label what units were used to measure and all details. The more you label, the less confusion there is.


After the data is entered, you can pick any empty cell to enter in the formula.

For the T-Test, let’s compare the males:

In an empty cell, enter the “=” sign (shown in A15 in the screen shot). Then, select the stats test in the function box shown on the top left just before the function formula bar.

 

When you select t test, the screen should look like this:

For Array 1, click in the array 1 box on the right, then highlight the cells with data for all the control males. 

For array 2, click in the array 2 box on the right, then highlight the cells with data for all the variable males.

Then fill in the data for the tails and type of test using the definitions given and what you know about your data.

Finally, click done. In the cell that you originally put the “=” sign, the p value will come up. Label this!

Additional Data that is useful for reporting: the average and the Standard deviation of the group.

Again, create some space. Insert rows if you need to. So you can label your data.

To determine the average, place the “=” under a set of data. Select the function “Average” and in the space to the right, click in the number 1 box and then highlight the data you want to average – all of one particular group.

To determine the standard deviation, place the “=” under a set of data. Select the function “STDEV” and in the space to the right, click in the number 1 box and then highlight the data you want the standard deviation of – all of one particular group.

Lab #7: Open Field (OF) Test - download videos at the end of the lab.


Lab “to Dos”
(1) Work with your group to conduct open field test (OF) (Jove article s below)


Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before lab, otherwise you will not be allowed to attend lab.


1. Describe – with detail – the steps of OF.
2. How will we analyze the OF videos? How do we score the videos?
3. What type of graph will we make at the end of this lab? What is on the X axis? On the y-axis?
4. How will this data support/not support your hypothesis?
5. Describe the importance of the T-Test.


Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group will capture video of OF of the animals for this lab. You will upload the videos to a Google Drive link on our Canvas Lab page.

















[image: A close-up of a document

Description automatically generated]
[image: A document with text on it

Description automatically generated]
[image: A document with text and images

Description automatically generated with medium confidence]
[image: A paper with text on it

Description automatically generated]
[image: A document with text on it

Description automatically generated]
	[image: A screenshot of a journal of visualized experiments

Description automatically generated]














Lab #8: FST analysis/Make figures (not just the graph) of the data and add it to your poster.

Lab “to Dos”
(1) Work with your group to analyze your FST data – use a T-Test and make a graph in Google sheets.
(2) Create a FST figure (not just a graph) and add that to your poster.

Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before lab, otherwise you will not be allowed to attend lab.

1. Your group will have about 16 videos (~ 4 for each of the experimental groups listed below). Each lab member will need to analyze a minimum of 4 videos. If necessary, you may have 2 members of your group analyze the same video. If that happens, take the average of the two members scores when you analyze the data. Who is analyzing which video in your group?
A. Control w/o variable
B. Control w/ variable
C. Shank 3B w/o variable
D. Shank 3B w/ variable
2. What animal are you scoring in your first video? What is the time immobile for your first video?
3. What animal are you scoring in your first video? What is the time immobile for your second video?
4. What animal are you scoring in your first video? What is the time immobile for your third video?
5. What animal are you scoring in your first video? What is the time immobile for your fourth video?



Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group will turn in your draft of your poster that includes your title, your authors, your materials and methods, your abstract, your introduction, FST figure.






See the JOVE article for the FST on how to arrange the graphs for FST.

Results: the graphs, the tables, etc - should include a figure legend and a figure title. Any time you present a piece of data, always explain what the audience is looking at, what you did to arrive at the data you are seeing (what method you used), and what the data mean (your interpretation) and why they are important.

Additionally, do not put any pictures of the mice on the figure, but you can include a schematic/drawing to represent the FST in the figure.

T-Test in Excel (or instructions for a T-test in google sheets here: https://support.google.com/docs/answer/6055837?hl=en)

Step 1: Enter your data in an organized fashion.
Be sure to label what units were used to measure and all details. The more you label, the less confusion there is.

After the data is entered, you can pick any empty cell to enter in the formula. For the T-Test, let’s compare the males:

In an empty cell, enter the “=” sign (shown in A15 in the screen shot). Then, select the stats test in the function box shown on the top left just before the function formula bar.

For Array 1, click in the array 1 box on the right, then highlight the cells with data for all the control males.  For array 2, click in the array 2 box on the right, then highlight the cells with data for all the variable males.

Then fill in the data for the tails and type of test using the definitions given and what you know about your data.

Finally, click done. In the cell that you originally put the “=” sign, the p value will come up. Label this!

Additional Data that is useful for reporting: the average and the Standard deviation of the group. Again, create some space. Insert rows if you need to. So you can label your data.

To determine the average, place the “=” under a set of data. Select the function “Average” and in the space to the right, click in the number 1 box and then highlight the data you want to average – all of one particular group.

To determine the standard deviation, place the “=” under a set of data. Select the function “STDEV” and in the space to the right, click in the number 1 box and then highlight the data you want the standard deviation of – all of one particular group.
Lab #9: OF analysis/Make figures (not just the graph) of the data and add it to your poster.

Lab “to Dos”
1 Work with your group to analyze your open field data – use a T-Test and make a graph in Google sheets.
2 Create a OF figure (not just a graph) and add that to your poster.

Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before lab, otherwise you will not be allowed to attend lab.

1. Your group will have about 16 videos (~ 4 for each of the experimental groups listed below). Each lab member will need to analyze a minimum of 4 videos. If necessary, you may have 2 members of your group analyze the same video. If that happens, take the average of the two members scores when you analyze the data. Who is analyzing which video in your group?
a. Control w/o variable
b. Control w/ variable
c. Shank 3B w/o variable
d. Shank 3B w/ variable
2. What animal are you scoring in your first video? What is the time in the center square? What is the number of rearing? 
3. What animal are you scoring in your first video? What is the time in the center square? What is the number of rearing? 
4. What animal are you scoring in your first video? What is the time in the center square? What is the number of rearing? 
5. What animal are you scoring in your first video? What is the time in the center square? What is the number of rearing? 



Post-Lab Deliverables (This is a group assignment/group turn in): 
Your group will turn in your draft of your poster that includes your title, your authors, your materials and methods, your abstract, your introduction, OF figure.






See the JOVE article for the FST on how to arrange the graphs for OF.

Results: the graphs, the tables, etc - should include a figure legend and a figure title. Any time you present a piece of data, always explain what the audience is looking at, what you did to arrive at the data you are seeing (what method you used), and what the data mean (your interpretation) and why they are important.

Additionally, do not put any pictures of the mice on the figure, but you can include a schematic/drawing to represent the FST in the figure.


T-Test in Excel (or instructions for a T-test in google sheets here: https://support.google.com/docs/answer/6055837?hl=en)

Step 1: Enter your data in an organized fashion.
Be sure to label what units were used to measure and all details. The more you label, the less confusion there is.

After the data is entered, you can pick any empty cell to enter in the formula.

For the T-Test, let’s compare the males:

In an empty cell, enter the “=” sign (shown in A15 in the screen shot). Then, select the stats test in the function box shown on the top left just before the function formula bar.

For Array 1, click in the array 1 box on the right, then highlight the cells with data for all the control males.  For array 2, click in the array 2 box on the right, then highlight the cells with data for all the variable males.

Then fill in the data for the tails and type of test using the definitions given and what you know about your data. Finally, click done. In the cell that you originally put the “=” sign, the p value will come up. Label this!

Additional Data that is useful for reporting: the average and the Standard deviation of the group. Again, create some space. Insert rows if you need to. So you can label your data.

To determine the average, place the “=” under a set of data. Select the function “Average” and in the space to the right, click in the number 1 box and then highlight the data you want to average – all of one particular group.

To determine the standard deviation, place the “=” under a set of data. Select the function “STDEV” and in the space to the right, click in the number 1 box and then highlight the data you want the standard deviation of – all of one particular group.


Lab #10 Present Poster to the lab

Lab “to Dos”
To polish your poster

Pre -Lab Assignment (This is an individual assignment):
Answer the questions below in the space below. Then, cut and paste the questions and answers to the text box provided on Canvas for this lab. These must be submitted before lab, otherwise you will not be allowed to attend lab.

1. How many times did you practice your poster presentation section? Practice your poster presentation at least 4-6 times prior to coming to lab.

2. Complete your peer evaluation for lab member #1.
Group member’s name _________________________
This member contributed to the project.				1	2	3	4	5
This member made an effort to work with the other members.	1	2	3	4	5
This member came to lab time prepared and on time. 		1	2	3	4	5
This member was a valuable member to our group. 			1	2	3	4	5

Would you work with this member on another project?	Yes	No

Why or why not? _________________________________________________

3. Complete your peer evaluation for lab member #2.
Group member’s name _________________________
This member contributed to the project.				1	2	3	4	5
This member made an effort to work with the other members.	1	2	3	4	5
This member came to lab time prepared and on time. 		1	2	3	4	5
This member was a valuable member to our group. 			1	2	3	4	5

Would you work with this member on another project?	Yes	No

Why or why not? _________________________________________________

4. Complete your peer evaluation for lab member #3.
Group member’s name _________________________
This member contributed to the project.				1	2	3	4	5
This member made an effort to work with the other members.	1	2	3	4	5
This member came to lab time prepared and on time. 		1	2	3	4	5
This member was a valuable member to our group. 			1	2	3	4	5

Would you work with this member on another project?	Yes	No

Why or why not? _________________________________________________

5. Complete your self evaluation for your participation in the lab.

I contributed to the project.				1	2	3	4	5
I made an effort to work with the other members.	1	2	3	4	5
I came to lab time prepared and on time. 		1	2	3	4	5
I was a valuable member to our group. 		1	2	3	4	5

Did you do your best to ensure the group work was even and efficient throughout the semester?


Post-Lab Deliverables (This is a group assignment/group turn in): 
All feedback should be incorporated into the into a final draft of the poster that will be turned in at the end of lab.
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The forced swim test is a rodent behavioral test used for evaluation of antidepressant drugs, antidepressant efficacy of new compounds, and
experimental manipulations that are aimed at rendering or preventing depressive-like states. Mice are placed in an inescapable transparent tank
that is filled with water and their escape related mobility behavior is measured. The forced swim test is straightforward to conduct reliably and it
requires minimal specialized equipment. Successful implementation of the forced swim test requires adherence to certain procedural details and
minimization of unwarranted stress to the mice. In the protocol description and the accompanying video, we explain how to conduct the mouse
version of this test with emphasis on potential pitfalls that may be detrimental to interpretation of results and how to avoid them. Additionally, we
explain how the behaviors manifested in the test are assessed.

Video Link

The video component of this article can be found at http://www.jove.com/video/3638/

Protocol

1. Materials and Method

1.1. The water tanks

The cylindrical tanks (30 cm height x 20 cm diameters) required for the mouse forced swim test (FST) in our laboratory are constructed of
transparent Plexiglas, as this material is able to withstand the frequent movement of the tanks and accidents better than glass. The water level is
15 cm from the bottom and should be marked on the tank to ensure that the volume of water is consistent across mice. The number of tanks
should ideally be at least twice as many as the number of mice being tested at a time, so that the second water tank set can be filled while the
first set is in use. The dimensions of the tanks should be selected in a way that the mice will not be able to touch the bottom of the tank, either
with their feet or their tails, during the swimming test. The height of the tank should be high enough to prevent the mice from escaping from the
tank. Please note that the diameter of tank and the depth of water are important parameters that can be adjusted to change the behavior of mice
(for a detailed analysis of these issues see'-3).

1.2. Thermometer

A water resistant infrared thermometer is preferable, since rapid measurement of temperature reduces the amount of time required to conduct the
test. However, a glass mercury thermometer will also be sufficient for this task.

1.3. Timer
1.4. Video recording device

We use a video camera supported by a tripod. Since this test usually involves multiple animals being tested at the same time, live scoring will be
very difficult and is not advisable. The video camera should record in high enough resolution to render a quality picture that will be used later for
behavioral scoring. Always make sure there is sufficient recording memory in the camera before starting the test. We use a video camera that
records digitally without the use of mechanical media (i.e. video cassette), allowing for digital transfer of videos. If there are excessive reflections
on the tanks, which may occur in laboratory environments with overhead fluorescent illumination, you may want to use a polarizing lens filter with
your camera.

-

.5. Dividers

In our lab we have two sets of dividers (35 cm height x 22 cm width x 22 cm depth). These are rectangular with three walls and are used as both
background and as dividers between tanks to prevent mice from seeing each other during the test and potentially altering their behaviors. One set
can be black for albino and light colored animals; the other set can be light colored for dark colored animals in order to render high contrast. The
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experimenter should make sure that the surfaces of the dividers are not overly reflective so that they alter camera images, or render major
differences between illumination levels.

1.6. White noise generator

This is needed in laboratory environments in which sudden loud noises can be heard that would potentially startle the animals. The noise
generator will mask such intermittent disturbing sounds. The volume level of the white noise generator should be selected to be above other
ambient and unexpected noises. In our experimental room the ambient noise level (without the white noise generator activated) is 60 dB. The
total noise level with the white noise generator activated at the location where the tanks are placed is 70-72 dB. However it should be noted that
these figures are provided as example only, and each laboratory should select the right noise levels according to their unique environment and
circumstances.

1.7. Drying paper and heat lamp

Before returning the animals to their home cages, it is important to dry them gently using paper towels and it is helpful to use a heat lamp (be
certain the exposure temperature does not exceed 32°C) to prevent hypothermia.

2. Behavioral Procedures

1. The overall experimental design should reflect proper counterbalancing between variables specific to your experiment. For example, in our
experiments, we try to represent each group equally in every FST session (i.e., if there are four treatment groups, each will be represented in
each session). Also, mice are rotated, such that mice from each treatment group are placed in a different tank in each session.

2. Place the camera and the dividers in position. The camera should be as close as possible in order to obtain the highest possible resolution of
the mice.

3. The tanks should be filled with tap water set at the room temperature (23-25°C) to the determined level, which is marked on the tank walls. If
your facility does not have constant hot/cold water, you may want to prepare hot water and/or ice to quickly bring the water to the right
temperature. Check the water temperature with the infrared thermometer. Alternatively, if the temperatures of hot and cold water are constant
at your facility, you can draw on the tank two marks — one for the level of hot water and a second mark for the addition of cold water — to get
close to the correct final water temperature rapidly.

4. Start the white noise generator, if being used, before the mice are introduced to the testing room. The level of white noise should only be
enough to mask external noises. Avoid a high volume and make sure the same level of white noise is being used for all animals.

5. Bring the animals into the testing room. If the colony room where the animals reside and the testing room are adjacent or very close to each
other, the ambient conditions are similar and the disturbance during the moving of the cage is minimal, then no acclimation period will be
necessary. Otherwise, place the animals in the testing room for a period of acclimation (generally at least one hour). If an acclimation period
is necessary, make sure the acclimated animals will not be affected by the mice being tested at the same time in the same room. Please be
aware that olfactory and ultrasonic cues can be sensed by the other animals placed in the same room.

6. Start video recording before placing the animals into the water tanks.

7. Hold the animal by its tail, and gently and slowly place in the water. Once the mice is in the water, slowly release the tail. Typically, using this
procedure will prevent the animal's head from being submerged under the water.

8. Place the mice in the tanks in an order in which the obstruction of recording will be minimized. This order, of course, should be decided in
conjunction with the counterbalancing of groups and other requirements specific to your experimental design.

9. Once all mice are in the tanks-start the countdown on the stopwatch. The usual test length for mice is six minutes in the FST.

10. During the test be certain you are at a reasonable distance from the animals and do not make any movements or noise that may be noticed
by the animals. Mice can readily float in water, however, if either a new strain of mice or a new compound being tested without previous
knowledge of their effect on swimming behavior, the experimenter should monitor the animals more closely. In contrast to rats, mice do not
typically dive during the FST, however in the event of diving the mouse should be removed from the tank. If the experimenter leaves the room
the mice should be monitored by video in the event that a mouse cannot maintain swimming and floating behavior and to stop the test if
necessary.

11. At the end of six minute testing period stop the recording. In our lab, we show a note in front of the camera that identifies the animals at the
very end of each recording. When using this approach the individual subsequently scoring the recording will not know the identity of the
animals since the identity is only shown at the very end of the recording. This prevents any identification and record keeping problems that
may occur later related to the recordings. Regardless of the record keeping strategy that is being used, it should clearly identify the animals
and also prevent the individual later scoring the test from having knowledge of group assignments.

12. Remove the animals from the water by their tails in the same order that you put them in and gently dry them with a drying paper and place
back into their homecage.

3. Behavior Analysis

1. The mouse version of FST is typically, from start to finish, six minutes long. However, generally only the last four minutes of the test are
analyzed. This is due to the fact that most mice are very active at the beginning of the FST, and the potential effects of the treatment can be
obscured during the first two minutes.

2. In our laboratory we upload the video files directly from the camera to a PC and do the analysis on the PC.

3. During the behavioral analysis, the time that each mice spends mobile is measured. The total amount of mobility time is then subtracted from
the 240 seconds of test time and is then stated as the immobility time. While it is possible to measure the immobility time directly, in our
laboratory we have found it easier to detect and measure active movements rather than the lack of such movements.

4. The most important aspect of behavioral analysis and usually the biggest source of variability between observers in the FST is the correct
identification of movements that are counted as bona fide mobility. Our operational definition for mobility in the FST is any movements other
than those necessary to balance the body and keep the head above the water*. Mice generally float in water readily, however they still
manifest small movements to balance their bodies and keep their heads above the water. These behaviors are not an attempt to escape and
should not be scored as mobility. Also, after a single bout of mobility, even though essentially immobile, mice can still drift in the water as a
result of momentum. These movements also should not be scored as mobility.

5. In our laboratory, we use an on-screen stopwatch software (Xnote Stopwatch, dnSoft Research Group) for time measurements. Two separate
stopwatches are used on the screen. The first stopwatch counts down from 240 seconds and alerts the observer when the behavioral
analysis period ends. The second stopwatch measures the time spent mobile. Some stopwatch software has the ability to assign keys to start
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and stop functions, so that on-screen stopwatches can be controlled by the keyboard. In our lab, instead of a regular keyboard, we use an
input device commonly known as a 'gamepad' to control the stopwatches.

6. When using a PC to quantify immobility, if there is more than one mouse tested and present on the screen, it is a good idea to cover the other
animals (you can use another program window or physically cover the screen with paper), so that their movements will not distract the
observer.

7. If an on-screen stopwatch is used, be certain to cover all but the millisecond decimals of the stopwatch. The reason for this is to prevent bias
in the observer, while still allowing the ability to determine if the watch is running or not running. Since the observer, while blind to the group
assignments of the animals, will have a general idea of level of mobility in the mice, there might be some bias occurring if she is allowed to
see the total amount of mobility time elapsed for that particular mouse before completion of the analysis session. By covering the stopwatch,
she will only know whether the stopwatch is on or off at any point but will not know the total time elapsed and therefore cannot be effected by
any bias.

8. An inter-observer reliability test should be conducted for every new observer before beginning to collect data from test animals. In our
laboratory, each new observer first watches an experienced observer scoring. After the new observer gains confidence to differentiate mobility
from immobility, they then score with the experienced observer watching and pointing out any mistakes. Once this phase is successfully
completed, the new observer will analyze a specific set of FST videos that we keep in our laboratory for training purposes. Only after a high
level of inter-observer correlation is obtained with the experienced observer does an investigator start analyzing FST videos in actual
experiments. We archive the data from these training analyses to constitute an internal standard for the laboratory for future use. We have
observed differences between strains in the manner in which they express mobility (and immobility) behaviors, and mean immobility time
between sexes. When a new strain, sex, or genetically modified mouse model is tested in the laboratory it is necessary to again undertake
this type of reliability analysis.

4. Representative Results

There are marked differences between genetically distinct inbred and outbred mouse strains in terms of their baseline immobility and responding
to a specific drug®>'!. For example, we identified differential antidepressant-like responses to lithium in a panel of mouse strains (Figure 1)°.
Experimental details of this experiment are published in Can et al., 20115.
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Figure 1. Immobility time (in seconds) in the forced swim test, five hours after a single i.p. injection of saline, 200, 300, or 400 mg/kg in various
inbred and outbred mouse strains. *:p<0.05, **:p<0.01, ***:p<0.001 denote a significant difference compared to saline group, Dunnett's post hoc
test. Data are expressed as mean + SEM. Number of animals per group for each strain is 6-8 (Figure reproduced from5).

Not all mouse strains are suitable for the FST. Some strains, such as Black Swiss, NIH Swiss, and FVB/NJ show little or almost no immobility
under control conditions, therefore representing a floor effect (Figure 1)8. The lack of baseline immobility effectively prevents detecting an
anti-depressant effect of experimental manipulations. It is also possible, while very rare, that some mouse strains may behave aberrantly and dive
into the tank during the test even though they can float. One such strain is DBA/10laHsd (unpublished observation in our laboratory). Such
strains are not suitable for the FST. Because of this diving risk, however small, when testing a new strain that has not been previously tested in
the FST or a mouse harboring a novel genetic manipulation, it is imperative to carefully observe the initial trials to rescue mice if they engage in
potentially harmful behaviors.

In the experimental design described here, multiple animals (up to five) are tested at the same time. While the dividers we use prevent mice from
seeing each other during the test, and the white noise generator suppresses audible vocalizations, our set-up does not prevent all ultrasonic or
olfactory cues from being transmitted. Though unlikely given the nature of the test, these could affect the behaviors of mice. One solution to this
problem would be to test the animals individually. However, this approach has its own problems. For example, commonly, the animals tested in
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each session come from the same homecage. This allows randomization and counterbalancing of the experimental variables. Testing mice
individually would mean removing one mouse at a time from the homecage. This will cause repeated stress and disturbance of social hierarchy in
the cage among the others left behind. Another issue with testing singly are the time constraints. Testing one mouse at a time will extend the
experiment into many hours resulting in a situation in which mice are tested at different times of the circadian cycle. This may create confounding
time of day effects. The researchers should keep these issues in mind while designing their experiments.

The FST (sometimes called Porsolt swim test) was developed first for rats and then modified for mice by Porsolt and colleagues'?'3. In addition
to the above-described protocol successful in our laboratory, a number of largely subtle test modifications have been published (see Hascoét and
Bourin for a complete review"). It is a common test used for evaluation of the efficacy of anti-depressant drugs and the effects of various
behavioral and neurobiological manipulations in basic and preclinical research314-16_ |t has been described as rendering a situation in which
"behavioral despair" is induced; that is, the animal loses hope to escape the stressful environment'3. The mouse version of the forced swim test is
a relatively short and low cost behavioral test that requires no training of the mice and can be conducted with minimal equipment. This is in
contrast to the rat version of the test, which generally involves exposure to the water tank one day prior to the test day'” .

Because of its popularity there is a wealth of data regarding the effects of various antidepressants in the FST. This allows researchers to compare
and contrast their own results with others (see Hascoét and Bourin for 2009 review'). These characteristics of the FST make it an important tool
in academic research and drug discovery in industrial settings where reliability and high throughput screening of novel compounds are essential.
An additional feature of the FST is the availability of commercial automated behavior analysis systems that can accelerate the data collection
process'8-20, However, in our experience, these automated systems require extensive validation by human scoring. Additionally, automated
parameters may have to be readjusted when using different strains, especially when the level of background contrast changes, or with mice of
different sizes or behavioral responses.

Another area in which the FST is used is neurogenetic research in which the genetic basis of depression-related behaviors is investigated. These
types of studies involve comparison of various mouse strains with or without the use of anti-depressant drugs and comparisons of genetically
modified or selectively bred mice and their wild type counterparts®2'23_ In this regard, the FST has proven to be useful in basic research related
to the neurobiology and genetics of mood disorders. However, the FST is not a full spectrum analog of human depression. Even though there are
exceptions, the FST has a considerable level of predictive validity, since it is reasonably sensitive to compounds that are effective in humans as
anti-depressants and insensitive to those that are not effective?*25, Since the behavioral outcome of the FST is one-dimensional it can only
indicate the antidepressant efficacy of compound or experimental manipulations, but it cannot differentiate mechanistic differences between them.
This is in contrast with the rat version of the FST, where rats manifest both swimming and climbing behaviors that can differentiate between
serotonin and norepinephrine acting compounds28. Also any manipulations that may affect the overall activity levels may potentially alter
immobility in the FST leading to spurious conclusions. Therefore it is important to verify the results of FST with separate behavioral tests that
measure overall activity such as the open-field test?’. It is beneficial to keep in mind that the FST does not represent the human condition, and
to extent which underlying neurobiological mechanisms of the behaviors manifested by model animals in the FST and human depression overlap
is not entirely clear?®. However, these types of limitations should not devalue the usefulness of FST as a drug discovery and validation tool.
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Abstract

Theforcedswimtestisarodentbehavioraltestusedforevaluationofantidepressantdrugs,antidepressantefficacyofnewcompounds,and

experimentalmanipulationsthatareaimedatrenderingorpreventingdepressive-likestates.Miceareplacedinaninescapabletransparenttank

thatisfilledwithwaterandtheirescaperelatedmobilitybehaviorismeasured.Theforcedswimtestisstraightforwardtoconductreliablyandit

requiresminimalspecializedequipment.Successfulimplementationoftheforcedswimtestrequiresadherencetocertainproceduraldetailsand

minimizationofunwarrantedstresstothemice.Intheprotocoldescriptionandtheaccompanyingvideo,weexplainhowtoconductthemouse

versionofthistestwithemphasisonpotentialpitfallsthatmaybedetrimentaltointerpretationofresultsandhowtoavoidthem.Additionally,we

explainhowthebehaviorsmanifestedinthetestareassessed.

VideoLink

Thevideocomponentofthisarticlecanbefoundathttp://www.jove.com/video/3638/

Protocol

1.MaterialsandMethod

1.1.Thewatertanks

Thecylindricaltanks(30cmheightx20cmdiameters)requiredforthemouseforcedswimtest(FST)inourlaboratoryareconstructedof

transparentPlexiglas,asthismaterialisabletowithstandthefrequentmovementofthetanksandaccidentsbetterthanglass.Thewaterlevelis

15cmfromthebottomandshouldbemarkedonthetanktoensurethatthevolumeofwaterisconsistentacrossmice.Thenumberoftanks

shouldideallybeatleasttwiceasmanyasthenumberofmicebeingtestedatatime,sothatthesecondwatertanksetcanbefilledwhilethe

firstsetisinuse.Thedimensionsofthetanksshouldbeselectedinawaythatthemicewillnotbeabletotouchthebottomofthetank,either

withtheirfeetortheirtails,duringtheswimmingtest.Theheightofthetankshouldbehighenoughtopreventthemicefromescapingfromthe

tank.Pleasenotethatthediameteroftankandthedepthofwaterareimportantparametersthatcanbeadjustedtochangethebehaviorofmice

(foradetailedanalysisoftheseissuessee

1-3

).

1.2.Thermometer

Awaterresistantinfraredthermometerispreferable,sincerapidmeasurementoftemperaturereducestheamountoftimerequiredtoconductthe

test.However,aglassmercurythermometerwillalsobesufficientforthistask.

1.3.Timer

1.4.Videorecordingdevice

Weuseavideocamerasupportedbyatripod.Sincethistestusuallyinvolvesmultipleanimalsbeingtestedatthesametime,livescoringwillbe

verydifficultandisnotadvisable.Thevideocamerashouldrecordinhighenoughresolutiontorenderaqualitypicturethatwillbeusedlaterfor

behavioralscoring.Alwaysmakesurethereissufficientrecordingmemoryinthecamerabeforestartingthetest.Weuseavideocamerathat

recordsdigitallywithouttheuseofmechanicalmedia(i.e.videocassette),allowingfordigitaltransferofvideos.Ifthereareexcessivereflections

onthetanks,whichmayoccurinlaboratoryenvironmentswithoverheadfluorescentillumination,youmaywanttouseapolarizinglensfilterwith

yourcamera.

1.5.Dividers

Inourlabwehavetwosetsofdividers(35cmheightx22cmwidthx22cmdepth).Thesearerectangularwiththreewallsandareusedasboth

backgroundandasdividersbetweentankstopreventmicefromseeingeachotherduringthetestandpotentiallyalteringtheirbehaviors.Oneset

canbeblackforalbinoandlightcoloredanimals;theothersetcanbelightcoloredfordarkcoloredanimalsinordertorenderhighcontrast.The
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experimenter should make sure that the surfaces of the dividers are not overly reflective so that they alter camera images, or render major
differences between illumination levels.

1.6. White noise generator

This is needed in laboratory environments in which sudden loud noises can be heard that would potentially startle the animals. The noise
generator will mask such intermittent disturbing sounds. The volume level of the white noise generator should be selected to be above other
ambient and unexpected noises. In our experimental room the ambient noise level (without the white noise generator activated) is 60 dB. The
total noise level with the white noise generator activated at the location where the tanks are placed is 70-72 dB. However it should be noted that
these figures are provided as example only, and each laboratory should select the right noise levels according to their unique environment and
circumstances.

1.7. Drying paper and heat lamp

Before returning the animals to their home cages, it is important to dry them gently using paper towels and it is helpful to use a heat lamp (be
certain the exposure temperature does not exceed 32°C) to prevent hypothermia.

2. Behavioral Procedures

1. The overall experimental design should reflect proper counterbalancing between variables specific to your experiment. For example, in our
experiments, we try to represent each group equally in every FST session (i.e., if there are four treatment groups, each will be represented in
each session). Also, mice are rotated, such that mice from each treatment group are placed in a different tank in each session.

2. Place the camera and the dividers in position. The camera should be as close as possible in order to obtain the highest possible resolution of
the mice.

3. The tanks should be filled with tap water set at the room temperature (23-25°C) to the determined level, which is marked on the tank walls. If
your facility does not have constant hot/cold water, you may want to prepare hot water and/or ice to quickly bring the water to the right
temperature. Check the water temperature with the infrared thermometer. Alternatively, if the temperatures of hot and cold water are constant
at your facility, you can draw on the tank two marks — one for the level of hot water and a second mark for the addition of cold water — to get
close to the correct final water temperature rapidly.

4. Start the white noise generator, if being used, before the mice are introduced to the testing room. The level of white noise should only be
enough to mask external noises. Avoid a high volume and make sure the same level of white noise is being used for all animals.

5. Bring the animals into the testing room. If the colony room where the animals reside and the testing room are adjacent or very close to each
other, the ambient conditions are similar and the disturbance during the moving of the cage is minimal, then no acclimation period will be
necessary. Otherwise, place the animals in the testing room for a period of acclimation (generally at least one hour). If an acclimation period
is necessary, make sure the acclimated animals will not be affected by the mice being tested at the same time in the same room. Please be
aware that olfactory and ultrasonic cues can be sensed by the other animals placed in the same room.

6. Start video recording before placing the animals into the water tanks.

7. Hold the animal by its tail, and gently and slowly place in the water. Once the mice is in the water, slowly release the tail. Typically, using this
procedure will prevent the animal's head from being submerged under the water.

8. Place the mice in the tanks in an order in which the obstruction of recording will be minimized. This order, of course, should be decided in
conjunction with the counterbalancing of groups and other requirements specific to your experimental design.

9. Once all mice are in the tanks-start the countdown on the stopwatch. The usual test length for mice is six minutes in the FST.

10. During the test be certain you are at a reasonable distance from the animals and do not make any movements or noise that may be noticed
by the animals. Mice can readily float in water, however, if either a new strain of mice or a new compound being tested without previous
knowledge of their effect on swimming behavior, the experimenter should monitor the animals more closely. In contrast to rats, mice do not
typically dive during the FST, however in the event of diving the mouse should be removed from the tank. If the experimenter leaves the room
the mice should be monitored by video in the event that a mouse cannot maintain swimming and floating behavior and to stop the test if
necessary.

11. At the end of six minute testing period stop the recording. In our lab, we show a note in front of the camera that identifies the animals at the
very end of each recording. When using this approach the individual subsequently scoring the recording will not know the identity of the
animals since the identity is only shown at the very end of the recording. This prevents any identification and record keeping problems that
may occur later related to the recordings. Regardless of the record keeping strategy that is being used, it should clearly identify the animals
and also prevent the individual later scoring the test from having knowledge of group assignments.

12. Remove the animals from the water by their tails in the same order that you put them in and gently dry them with a drying paper and place
back into their homecage.

3. Behavior Analysis

1. The mouse version of FST is typically, from start to finish, six minutes long. However, generally only the last four minutes of the test are
analyzed. This is due to the fact that most mice are very active at the beginning of the FST, and the potential effects of the treatment can be
obscured during the first two minutes.

In our laboratory we upload the video files directly from the camera to a PC and do the analysis on the PC.

During the behavioral analysis, the time that each mice spends mobile is measured. The total amount of mobility time is then subtracted from

the 240 seconds of test time and is then stated as the immobility time. While it is possible to measure the immobility time directly, in our

laboratory we have found it easier to detect and measure active movements rather than the lack of such movements.

4. The most important aspect of behavioral analysis and usually the biggest source of variability between observers in the FST is the correct
identification of movements that are counted as bona fide mobility. Our operational definition for mobility in the FST is any movements other
than those necessary to balance the body and keep the head above the water*. Mice generally float in water readily, however they still
manifest small movements to balance their bodies and keep their heads above the water. These behaviors are not an attempt to escape and
should not be scored as mobility. Also, after a single bout of mobility, even though essentially immobile, mice can still drift in the water as a
result of momentum. These movements also should not be scored as mobility.

5. In our laboratory, we use an on-screen stopwatch software (Xnote Stopwatch, dnSoft Research Group) for time measurements. Two separate
stopwatches are used on the screen. The first stopwatch counts down from 240 seconds and alerts the observer when the behavioral
analysis period ends. The second stopwatch measures the time spent mobile. Some stopwatch software has the ability to assign keys to start
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Copyright © 2012 Journal of Visualized Experiments January 2012 | 59 | e3638 | Page 2 of 5




image7.png
.
|DVe Journal of Visualized Experiments www.jove.com

and stop functions, so that on-screen stopwatches can be controlled by the keyboard. In our lab, instead of a regular keyboard, we use an
input device commonly known as a 'gamepad' to control the stopwatches.

6. When using a PC to quantify immobility, if there is more than one mouse tested and present on the screen, it is a good idea to cover the other
animals (you can use another program window or physically cover the screen with paper), so that their movements will not distract the
observer.

7. If an on-screen stopwatch is used, be certain to cover all but the millisecond decimals of the stopwatch. The reason for this is to prevent bias
in the observer, while still allowing the ability to determine if the watch is running or not running. Since the observer, while blind to the group
assignments of the animals, will have a general idea of level of mobility in the mice, there might be some bias occurring if she is allowed to
see the total amount of mobility time elapsed for that particular mouse before completion of the analysis session. By covering the stopwatch,
she will only know whether the stopwatch is on or off at any point but will not know the total time elapsed and therefore cannot be effected by
any bias.

8. An inter-observer reliability test should be conducted for every new observer before beginning to collect data from test animals. In our
laboratory, each new observer first watches an experienced observer scoring. After the new observer gains confidence to differentiate mobility
from immobility, they then score with the experienced observer watching and pointing out any mistakes. Once this phase is successfully
completed, the new observer will analyze a specific set of FST videos that we keep in our laboratory for training purposes. Only after a high
level of inter-observer correlation is obtained with the experienced observer does an investigator start analyzing FST videos in actual
experiments. We archive the data from these training analyses to constitute an internal standard for the laboratory for future use. We have
observed differences between strains in the manner in which they express mobility (and immobility) behaviors, and mean immobility time
between sexes. When a new strain, sex, or genetically modified mouse model is tested in the laboratory it is necessary to again undertake
this type of reliability analysis.

4. Representative Results

There are marked differences between genetically distinct inbred and outbred mouse strains in terms of their baseline immobility and responding
to a specific drug®"'. For example, we identified differential antidepressant-like responses to lithium in a panel of mouse strains (Figure 1)5.
Experimental details of this experiment are published in Can et al., 20115.
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Figure 1. Immobility time (in seconds) in the forced swim test, five hours after a single i.p. injection of saline, 200, 300, or 400 mg/kg in various
inbred and outbred mouse strains. *:p<0.05, **:p<0.01, ***:p<0.001 denote a significant difference compared to saline group, Dunnett's post hoc
test. Data are expressed as mean + SEM. Number of animals per group for each strain is 6-8 (Figure reproduced from5).

Not all mouse strains are suitable for the FST. Some strains, such as Black Swiss, NIH Swiss, and FVB/NJ show little or almost no immobility
under control conditions, therefore representing a floor effect (Figure 1)°. The lack of baseline immobility effectively prevents detecting an
anti-depressant effect of experimental manipulations. It is also possible, while very rare, that some mouse strains may behave aberrantly and dive
into the tank during the test even though they can float. One such strain is DBA/10laHsd (unpublished observation in our laboratory). Such
strains are not suitable for the FST. Because of this diving risk, however small, when testing a new strain that has not been previously tested in
the FST or a mouse harboring a novel genetic manipulation, it is imperative to carefully observe the initial trials to rescue mice if they engage in
potentially harmful behaviors.

In the experimental design described here, multiple animals (up to five) are tested at the same time. While the dividers we use prevent mice from
seeing each other during the test, and the white noise generator suppresses audible vocalizations, our set-up does not prevent all ultrasonic or
olfactory cues from being transmitted. Though unlikely given the nature of the test, these could affect the behaviors of mice. One solution to this
problem would be to test the animals individually. However, this approach has its own problems. For example, commonly, the animals tested in
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each session come from the same homecage. This allows randomization and counterbalancing of the experimental variables. Testing mice
individually would mean removing one mouse at a time from the homecage. This will cause repeated stress and disturbance of social hierarchy in
the cage among the others left behind. Another issue with testing singly are the time constraints. Testing one mouse at a time will extend the
experiment into many hours resulting in a situation in which mice are tested at different times of the circadian cycle. This may create confounding
time of day effects. The researchers should keep these issues in mind while designing their experiments.

The FST (sometimes called Porsolt swim test) was developed first for rats and then modified for mice by Porsolt and colleagues''3. In addition
to the above-described protocol successful in our laboratory, a number of largely subtle test modifications have been published (see Hascoét and
Bourin for a complete review"). It is a common test used for evaluation of the efficacy of anti-depressant drugs and the effects of various
behavioral and neurobiological manipulations in basic and preclinical research®14-16. It has been described as rendering a situation in which
"behavioral despair" is induced; that is, the animal loses hope to escape the stressful environment'3. The mouse version of the forced swim test is
a relatively short and low cost behavioral test that requires no training of the mice and can be conducted with minimal equipment. This is in
contrast to the rat version of the test, which generally involves exposure to the water tank one day prior to the test day'7 .

Because of its popularity there is a wealth of data regarding the effects of various antidepressants in the FST. This allows researchers to compare
and contrast their own results with others (see Hascoét and Bourin for 2009 review'). These characteristics of the FST make it an important tool
in academic research and drug discovery in industrial settings where reliability and high throughput screening of novel compounds are essential.
An additional feature of the FST is the availability of commercial automated behavior analysis systems that can accelerate the data collection
process'820, However, in our experience, these automated systems require extensive validation by human scoring. Additionally, automated
parameters may have to be readjusted when using different strains, especially when the level of background contrast changes, or with mice of
different sizes or behavioral responses.

Another area in which the FST is used is neurogenetic research in which the genetic basis of depression-related behaviors is investigated. These
types of studies involve comparison of various mouse strains with or without the use of anti-depressant drugs and comparisons of genetically
modified or selectively bred mice and their wild type counterparts®21-23, In this regard, the FST has proven to be useful in basic research related
to the neurobiology and genetics of mood disorders. However, the FST is not a full spectrum analog of human depression. Even though there are
exceptions, the FST has a considerable level of predictive validity, since it is reasonably sensitive to compounds that are effective in humans as
anti-depressants and insensitive to those that are not effective?425. Since the behavioral outcome of the FST is one-dimensional it can only
indicate the antidepressant efficacy of compound or experimental manipulations, but it cannot differentiate mechanistic differences between them.
This is in contrast with the rat version of the FST, where rats manifest both swimming and climbing behaviors that can differentiate between
serotonin and norepinephrine acting compounds?®. Also any manipulations that may affect the overall activity levels may potentially alter
immobility in the FST leading to spurious conclusions. Therefore it is important to verify the results of FST with separate behavioral tests that
measure overall activity such as the open-field test’?’. It is beneficial to keep in mind that the FST does not represent the human condition, and
to extent which underlying neurobiological mechanisms of the behaviors manifested by model animals in the FST and human depression overlap
is not entirely clear?®. However, these types of limitations should not devalue the usefulness of FST as a drug discovery and validation tool.
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Animal models have proven to be invaluable to researchers trying to answer questions regarding the mechanisms of behavior. The Open Field
Maze is one of the most commonly used platforms to measure behaviors in animal models. It is a fast and relatively easy test that provides a
variety of behavioral information ranging from general ambulatory ability to data regarding the emotionality of the subject animal. As it relates

to rodent models, the procedure allows the study of different strains of mice or rats both laboratory bred and wild-captured. The technique

also readily lends itself to the investigation of different pharmacological compounds for anxiolytic or anxiogenic effects. Here, a protocol for

use of the open field maze to describe mouse behaviors is detailed and a simple analysis of general locomotor ability and anxiety-related
emotional behaviors between two strains of C57BL/6 mice is performed. Briefly, using the described protocol we show Wild Type mice exhibited
significantly less anxiety related behaviors than did age-matched Knock Out mice while both strains exhibited similar ambulatory ability.

Video Link

The video component of this article can be found at http://www.jove.com/video/52434/

Introduction

The Open Field Maze (OFM) was initially developed in 1934 as a test to measure emotionality in rodents’. It has attained the status of being one
of the most widely used measures of behavior in animal psychologyz. It provides an easy and fairly rapid assessment of well-defined behaviors
requiring no training to the test subject and little to no specialized training for the human administering the test. These attributes have led to
wide-spread use of the open field maze in research extended to other animal species such as calves, pigs, rabbits, primates, honeybees and
lobsters®. Part of its popularity arises from the fact that the psychological and physiological concepts underlying the tests are generally straight-
forward and well understood. For example, it has been postulated that evolutionary forces have selected for a common response in animals such
that most species display anxiety-mediated fear or flight responses to specific stimuli. Rodents for example, show distinct aversions to large,
brightly lit, open and unknown environments®*. We can assume they have been phylogenetically conditioned to see these types of environments
as dangerous. All of these features are incorporated in the open field maze and form the basis of its use in behavioral paradigm testing.

An open field maze consists of a wall-enclosed area that is of sufficient height to prevent the subject from escaping. Typical maze shapes are
circular or square with an area large enough, based on the size of the subject tested, to elicit a feeling of openness in the center of the maze.
A number of variables can be scored in the open field maze with most parameters involving differing types of motor actlwty Ambulation is
the most common behavior studied but others such as latency or rearing can also be measured. Most often, rodent behavior is analyzed in a
bare maze. However the addition of objects, either one or many to the maze floor, adds the ability to see how the subject interacts with novel
additional stimuli?. Relevant parameters when objects are presented are typically the number of approaches to an object or in some cases,
preference or aversion for one object over another.

Many behavioral tests of anxiety are based on the subject animal’s body activity and locomotion®. Interpreting behaworal tests for emotionality
while separating non-emotional confounding factors, such as motor activity, has been the subject of intense debate 7. As the OFM was originally
described, two measures of emotionality can be deduced, locomotor activity and fecal boli deposits or defecation”. However these two measures
have been shown in some studies to be unrelated supporting the conclusion that emotionality in rodents is multidimensional®. Regardless,
discrepancies in the literature regarding these measures and emotionality or anxiety in mouse models may be attributed to differences in analysis
criteria or differences in testing procedures. Studies have conclusively linked results from OFM analysis with other measures of anxiety when
comparing mouse models®.
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NOTE: All procedures performed here were submitted to and approved by IACUC (Office of Research Compliance) and were conducted
following NIH guidelines. Mice used in the behavioral testing paradigm were naive and not used for other tests. The C57BL/6 Wild Type and
Knock Out mice used in this protocol have been described previously9 and the data presented here are from that manuscript.

1. Preparation of the Testing Room and Open Field Apparatus

1.
2.

o s

Use a multiple unit open field maze (OFM) consisting of four activity chambers was used for this analysis (Figure 1). Each chamber
measured 50 cm (length) x 50 cm (width) x 38 cm (height) and was made from white high density and non-porous plastic.

Texture the floors of the maze for traction during ambulation while maze walls were smooth. Maze quadrants were completely empty for the
purpose of this test. In consideration of the rest of this protocol, a single quadrant of the maze described above will be utilized to demonstrate
the OFM.

Wipe the chamber with a 95% Ethanol prior to use and before subsequent tests to remove any scent clues left by the previous subject
mouse.

Allow the ethanol to evaporate completely prior to testing mice. This may take 5-10 min between each testing session.

For this analysis, use the SMART Video Tracking software from PanLab/Harvard Apparatus to record and evaluate mouse movement.
NOTE: Any commercial video tracking camera and software may be used to track the test subject and evaluate results from the open field
maze. It is very important for the end user to understand how to calibrate and run the software used for each individual analysis. Regardless
of the video camera and tracking software used, best results are obtained when the camera and software are correctly calibrated according to
the manufacturer’s instructions.

Perform the testing in a standard lit room capable of containing the maze apparatus and the computer required to run the software. Suspend
the video camera above the maze either by attaching it to the ceiling or by using any elevated support system which allows the camera lens
to see the entire maze area (Figure 2).

As the human administrator of the test, be sure to have enough space in the room to be completely unobservable by the test subjects in the
maze so as not to influence behavior of the mice.

2, Preparing the Software to Measure Activity

-

Hw

8.

Open the Video Tracking software.

Once the software is opened, move the cursor to the “Single-subject tracking” option located under the “Data Acquisition” tab and single click
to open this option.

Choose the “Static Background” option located at the bottom of the screen.

After choosing “Static Background” is chosen, it is necessary to use the software to take an image of the maze prior to addition of the test
subjects. To do this, move the cursor to the “Photo” button located at the bottom of the screen and single click.

NOTE: The software will take a picture of the scenario without the test subject which will be subtracted from the image taken during the
tracking process. This results in only the movement of the subject being analyzed by the software.

Confirm that the background image taken above is completely removed by the tracking software by moving the cursor to the “Test” button
located at the bottom of the screen and clicking once. A solid white field will be shown if the background image is completely removed from
the tracking image. If lighting conditions change or the maze is accidentally moved, you will see black “shadows” in this field indicating the
two images do not perfectly coincide. To remedy this situation, simply repeat step 2.4 above.

After confirming background settings, use the Timing option to configure the way time is controlled during acquisition. To do this, move the
cursor to the “Configuration” tab and click once on the “Timings” heading. Use the newly opened window to enter experimental parameters.
For this protocol, chose the “Programmed time” option as 10 min tracking period. Set the “Latency period” to 5 sec to allow the user time

to place the mouse in the center of the maze and move away prior to initiation of tracking. Enter the “Acquisition time” of 10 min for the
duration of the test. Set the “Stop control” set to “When programmed time (10 min) is over” which will automatically turn off the camera and
the tracking function of the software.

Move the cursor to the “Close” button after all timings have been set to close the window. You are now ready to begin the testing procedure.

3. Administration of the Open Field Test

NOTE: The software package used in this protocol allows the tracking of up to 16 individual mice at one time. For ease of completion and as
mentioned above, the protocol discussed here is for a single mouse using a single quadrant of the OFM. For the equipment in use for this
protocol, a maximum of 4 individual mice could be tracked using each quadrant of the maze. If utilizing a multi-enclosure maze, after placing the
first subject mouse in its defined quadrant, place the remaining mice into their respective maze quadrant for tracking analysis. For the purposes
of this protocol, further instruction will be specific to a single quadrant of the maze.

1.

2.

3.

4.

Bring the mice in their home cages from their housing room into the testing room. Allow the mice to acclimate to the procedure room for a
minimum of 30 min prior to starting the test.

Remove a single mouse from the home cage by gently grasping its tail and place the mouse in the middle of the open field maze while
concurrently activating the SMART software by single clicking on the Start button to begin tracking mouse movement. It is normal for the
mouse to move immediately to the periphery walls of the maze and the timing of release and tracking capture of the mouse should coincide to
record this movement.

Allow free and uninterrupted movement of the subject mouse throughout the respective quadrant of the maze for a single 10 min period
during which time, the tracking software will record movement (Figure 3).

At the end of the test period, pick up the subject mouse gently, removing it from the maze and return it to its home cage.
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5. Prior to cleaning the maze, visually count the fecal boli pellets present in the maze and manually record the numbers for further analysis.

6. Remove all fecal pellets and wipe up all spots of urination. Spray the floor and walls of the maze quadrant with 95% ethanol and wipe down
with a clean paper towel. Allow the ethanol solution to completely dry prior to testing other mice.

7. Repeat the procedure with the next mouse.

4. Measurement and Analysis of Behavior During Testing Procedure

NOTE: For measurement, three aspects of open field behavior are readily characterized using this protocol (see discussion). A brief instruction
on how to access these measurements in the video tracking software follows.

1. From the main screen of the SMART software, move the cursor to the “Zones” tab and single click “Definition” to open the Zone Editor.
2. Follow the detailed instructions in the SMART software User’s Manual do define zones or grids to overlay on the tracking paths. Here, the
software was used to define a 5 x 5 grid of 10 cm squares covering the floor of the maze (Figure 4). Be sure to save the zone file created
prior to closing the Zone Editor.
From the main screen of the SMART software, move the cursor to the “Analysis” tab and single click to open the Data Analysis window.
Move the cursor to the “File” tab and open the Zone file created above.
Move the cursor to the “Configuration” tab and open the “Track Analysis” option. This will open the “Single-subject analysis configuration”
window.
1. Move the cursor to the “Standard” tab and move the “Travelled distance” parameter from the Available Parameters box (left side) to the
Included Parameters box (right side).
2. Move the cursor to the “Zones Transitions” tab and move all appropriate parameters to the Included Parameters box as above.
3. Make sure the “Full Track” box is checked at the bottom of the window.
4. Move the cursor to the OK button and close the Single-subject analysis configuration window.
NOTE: Depending on the analysis you wish to perform, many other options can be chosen in this window to mine data from the
analysis. Read the detailed User’s Manual of your specific program to determine what parameters are most important for analysis of
your data.

o s

6. Under the File tab at the upper left of the program window, open the Single subject track window and place a check mark beside all tracks
being analyzed. Move the cursor to the Check Mark button at the top of the window and click to close the Track Explorer window.

Move the cursor to the “Go” button in the Data Analysis window and single click to initiate analysis of the track data.

Analysis data can be output as either ASCII text files or it can be directly exported into an EXCEL spreadsheet. Use the output tools of the
software program you are using to output the data for your own use.

NOTE: Total distance traveled and time spent in indicated zones will be output following the data analysis steps outlined above. Again, it is
stressed that the steps to reach these measurements represented here will differ depending on the user software used. But the data itself and
the interpretation of the results should be similar independent of the software program used. It is also worth noting that test administrator bias
is removed from this protocol as all the data collected is quantified data measured by the software and not the administrator. Thus there is no
qualifiable element to the data collected as described.

Representative Results

The average number of individuals per strain of mice tested in most cases is approximately 20 to generate sufficient statistical relevance.
However, this number can be in the range of 8-30 depending on mouse availability. Depending on the measurement or comparisons required, it
is also favorable to use age-matched subjects.

© N

The first and arguably most important specific parameter to measure in the Open Field Maze is total ambulatory distance. While the unit of
measure is irrelevant for comparison purposes, it is most often expressed as a metric measurement (cm). In the experimental data presented
here (Figure 5), Wild type (WT) or normal C57BL/6 mice show similar ambulatory ability to a specific knock-out C57BL/6 mouse strain (KO).
When total distance traversed is similar between strains or treatments, further analysis of emotional behaviors is simplified because locomotor
activity is effectively removed from the equation. If there are significant differences in the locomotor ability of the mice tested, further analyses
such as zone entries or time spent in certain designated zones of the maze can be skewed due to inactivity instead of strain or treatment effects.
Techniques exist to account for unequal locomotor activity but these are most often specific to the research question.

As total ambulatory distance between the two mouse strains was similar, we were able to analyze thigmotaxis, or the tendency of a subject to
remain close to walls, in the WT versus KO mice (Figure 6). The degree of thigmotaxis has been validated as a measure of anxiogenic behavior
in mice®. Thigmotaxis increases as anxiety levels rise. Using the SMART software, individual zones were overlaid on the paths traveled by the
mice (Figure 3) and time spent in inner zones versus outer zones calculated and presented as a function of total time (10 min) in the maze.

In this case, KO mice displayed significantly higher anxiogenic behavior than their WT counterparts. A representative travel path can be seen

in Figure 4 where the WT mouse path traverses the middle areas of the maze at a much greater frequency than does the KO mouse which
remains close to the walls of the maze even though the distance traveled of both mice is similar. We can conclude from this that the KO mice
exhibit higher anxiety associated behavior than do WT mice.

To further support increased anxiety levels in the KO mice, fecal boli left in the maze after the 10 min test period were counted by the observer
once the test subject was removed (Figure 13). Following the popular view that highly emotional animals exhibit increased defecation, KO
mice exhibit significant increases in fecal boli present when compared to WT mice. This correlates with the levels of thigmotaxis measured in
the KO mice and indicates that the knock-out mice used in this study showed increased emotionality and anxiety when compared to their WT
counterparts.
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Figure 1. Example of a four quadrant OFM. The OFM pictured was obtained from San Diego Instruments and was used in all testing
procedures described. Dimensions of one quadrant of the maze are in centimeters and each quadrant is identified (Q1-Q4).

Figure 2. Example of overhead camera view of a four quadrant OFM. The image shown is representative of the camera view recognized by
the SMART software prior to tracking procedures. Each quadrant is labeled (Q1) through (Q4) and would contain a single mouse for tracking.

Figure 3. Comparison of track paths for WT and KO mice. Representative tracks for either WT or KO mice are shown. Each track represents
the total distance traveled by the subject during the 10 min time period of the test. The beginning point (B) and the end point (E) of the tracking is
indicated. The WT example track crosses into the center portion of the maze at regular intervals while the KO track remains closely in proximity
to the wallls of the maze indicated increased thigmotaxis or anxiety-related behavior.

Figure 4. Zone overlay used to interpret tracking data for thigmotaxis from the OFM. Using the SMART software analysis package, a
series of 10 x 10 cm zones were identified and used to evaluate subject tracks. The outer zone consisted of 16 blocks as identified while the
inner zone consisted of 9 blocks and is shaded. Greater time spent in the outer zones of the maze is recorded as increased thigmotaxis and is
indicative of amplified anxiety-related behavior.

Figure 5. Total distance traveled in the OFM. WT (n = 24) and KO (n = 27) mice were subjected to the OFM and total distance in centimeters
of their respective tracks were combined and statistically analyzed to visualize any differences in ambulation. WT and KO mice performed
similarly in the OFM when total distance was measured. The results for the data were expressed as the mean +/- S.E.M. Statistical analyses (t-
tests) were performed using Excel 2010 (Microsoft, Redmond WA) and SAS 9.2 (SAS Institute, Cary NC). [Data is modified from Ramesh Babu,
etal., 2008.]

Figure 6. Time spent in inner and outer zones of the OFM. WT (n = 24) and KO (n = 27) mice were subjected to the OFM and time spent in
inner and outer zones of the maze statistically analyzed for differences in mouse strains. Time spent in the outer zones of the maze identified
in Figure 7 measures thigmotaxis or wall-hugging behavior and is indicative of anxiety-related behavior. KO mice exhibited higher anxiety
measures than to WT based on thigmotaxis. The results for the data were expressed as the mean +/- S.E.M. Statistical analyses (t-tests) were
performed using Excel 2010 (Microsoft, Redmond WA) and SAS 9.2 (SAS Institute, Cary NC). p <0.05. [Data is modified from Ramesh Babu,
etal., 2008.]

Figure 7. Fecal boli deposits in the OFM. WT (n = 24) and KO (n = 27) mice were allowed to complete a 10 min test in the OFM before being
removed from the maze back to their home cages. After mice were removed, the number of defecations or fecal boli deposits was manually
counted by the observer. Increased number of boli can be indicative of increased anxiety and emotionality of the subject animal. KO mice
exhibited an increase in fecal boli when compared to WT. The results for the data were expressed as the mean +/- S.E.M. Statistical analyses (t-
tests) were performed using Excel 2010 (Microsoft, Redmond WA) and SAS 9.2 (SAS Institute, Cary NC).p <0.05. [Data originally published in
Ramesh Babu, et.al., 2008.]

The Open Field Maze is one of the most widely used platforms in animal behavioral studies. A number of important conventional and ethological
parametersz'4 can be collected and analyzed during the performance of the OFM. These data allow the researcher to measure behaviors ranging
from overall locomotor activity to anxiety-related emotional behaviors®. However, use of OFM is not without its shortcomings. One confounding
issue is the wide range of static variables that can be manipulated during any testing session. Examples include time, lighting conditions and
novel object inclusion. Variability in experimental protocol setup and design, which are essential to support a broad-spectrum of applications,

can make it difficult to compare studies. When subject variability, such as different background or transgenic mouse lines and drug treatments
are included, the difficulty in test comparisons can increase even more. Despite these issues, the OFM remains one of the most widely applied
techniques in rodent behavioral research. Here, we discuss results obtained from the OFM and their analysis as it relates to mouse anxiety and
emotionality.

Here, three aspects of open field behavior are readily characterized using this protocol: 1) Total distance covered (in cm) during the entire timed
portion of the test; 2) Thigmotaxis or a measure of the percent of the 10 min total test time that the subject remains adjacent to the outer wall

of the maze which is indicative of anxiety-like behavior; 3) The number of fecal pellets (boli) left in the quadrant after the subject is removed

is counted. Defecation is a negatively related measure of emotionality in rodents® and can be used to indicate levels of anxiety in the mouse
subject. A brief instruction on how to access these measurements in the SMART software follows.

Locomotor activity of the test subjects is important to discern prior to analysis of OFM data or for that matter, any animal behavioral maze. When
comparing different strains of mice or different effects of drug treatments, the ambulatory ability of the mouse is paramount. If locomotor ability
is compromised due to treatment effects, then measuring activities that rely on the ability of the subject to move is confounded. Therefore the
first step in this experiment was to compare total movement between the two subject strains. Using the subject tracking feature of the SMART
software, we measured the total ambulatory distance covered in the maze during the duration of the test by two different strains of C57BL/6
mice (Figure 4). Both Wild Type (WT) and genetic knock-out mice (KO) displayed similar ambulatory ability. There was no statistical difference
in total distance (in cm) traveled by either mouse line throughout the 10 min time frame of the experiment. Had one strain shown a significant
difference in ambulation compared to the other, a more specialized investigation, possibly using other behavioral paradigms, would be required
to characterize the difference. However, in this case, ambulation of the subject strains was equal allowing direct use of unadjusted OFM-derived
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data to further investigate anxiolytic parameters. It should be noted here that some researchers have interpreted high activity or increase
exploratory behavior as an index of low emotionality while others conceive of explorator¥ behavior being independent of emotionality”. One has
to acknowledge that differences in locomotor activity can confound emotional measures 2. However, as total ambulatory distance was similar
between the mouse strains used here, activity levels of the mice were separated from emotionality factors.

Rearing behavior consists of subject animals standing on both hind paws in a vertical upright position. It is considered an exploratory behavior
and has been used as a measure of anxiety in both the OFM and the Elevated Plus Maze 3. However, there is no clear indication that rearing
behavior is either anxiolytic or anxiogenic. Some studies indicate increased rearing is in concordance with increased anxiety levels in mice™
while others postulate decreased rearing behavior is indicative of increased anxiety15. Thus, while rearing was not analyzed here, depending
on experimental protocol and ethological parameters examined, rearing could be used to discriminate anxiety-linked behaviors from simple
ambulatory behavior.

It has been proposed that measuring anxiety in rodent models is much more complicated than using a single parameter in a single maze
environment'®. Therefore, using multiple tests or multiple measures in a single test can strengthen evaluation of the results. Thigmotaxis or
wall-hugging behavior is observed in most rodent species and is linked to anxiety related behaviors. It is most likely tied to a rodent’s underlying
propensity to avoid large open areas or areas of perceived dangerw'w. Regardless of the underlying cause, thigmotaxis is an important anxiety-
linked behavior that is often considered the starting point for further specific anxiety related tests °.

Thigmotaxis in the OFM is used to evaluate anxiolytic, anxiogenic and even non-pharmacological treatments. Anxiety related drugs such as
diazepam and chlordiazepoxide have shown significant effects on mouse behavior in the OFM* while dopamine agonists have shown that the

D1 and D2 dopamine receptors are involved in anxiogenic-like effects due to increased dopaminergic transmissions?. There are also clear strain
distinctions in response to mouse anxiety-like behavior in the OFM?'. For example, BALB/c mice, an albino laboratory bred strain of the common
house mouse, show greater behavioral response to acute stress than do C57BL/6 mice?. Therefore, baseline variation in responses between
subjects must be taken into account when setting up the parameters associated with testing paradigms and choosing which species to use for a
particular research question.

It is also the popular view that highly emotional animals exhibit increased defecation. This view has been corroborated by some, but the validity
of defecation as distinct measure of anxiety has been questionedza. However, since Hall’s original treatise (1934) correlating defecation events
with emotionality in rodents, a large amount of literature on the subject has affirmed this relationshipz. More recent findings have indicated that
defecations may indeed be a useful indicator of emotional anxiety-related behaviors in relatively short test periods as performed here as opposed
to long observations (30 min) where differences in responses are less clear®".

It is important to note that behavior of mice in the OFM is dependent on their tactile sensations. Thus any damage to or shortage of whiskers to
the mice may cause a decrease in measured anxiety-linked behavior as the mice lose tactile contact with the walls of the maze and enter the
central portions more readilya. Maze exploration may also be dependent on food or water deprivation, lighting during the testing procedure or
even on the color of the maze floor®. It is important to verify these variables, as well as any treatment induced factors, before interpreting OFM
results for anxiety-related behaviors. Detailed reporting of all testing conditions in manuscripts is also critical to facilitate appropriate cross-study
comparisons.

Also, while here we discuss the use of the OFM as it relates to motor locomotion and emotionality of the mice investigated, the OFM can also

be used to test other behaviors such as novel object recognition and memoryzs. Depending on the type of memory being analyzed, time in the
maze with a novel object can vary from 5 min to 24 hr. The ease and flexibility of the maze in the novel object recognition test allows for testing of
short- or long-term memory, and can be used to selectively analyze the effects of acute drug treatment on a specific stage of memory formation.
In conclusion, the OFM is an apical test of performancezs. The anxiety-related behaviors measured are the cumulation of several behavioral
underlying processes. Thus, once a response is detectably measured, it is often necessary to investigate that response further to identify a
specific defect.

The authors have nothing to disclose.

Acknowledgements

This work was supported by The National Institute of Health (NIH-2RO1NS033661) and by the Alabama Agricultural Experiment Station (HATCH
ALA021-1-09017).

References

1. Hall, C. S. Emotional behavior in the rat: defecation and urination as measures of individual differences in emotionality. J. Comp. Psychol. 18,
385-403 (1934).

Walsh, R. N., Cummins, R. A. The open field test: a critical review. Psychol. Bull. 83, 482-504 (1976).

Prut, L., Belzung, C. The open field as a paradigm to measure the effects of drugs on anxiety-like behaviors: a review. Eur. J. of Pharm. 463,
3-33 (2003).

4. Choleris, E., Thomas, A. W., Kavaliers, M., Prato, F. S. A detailed ethological analysis of the mouse open field test: effects of diazepam,
chlordiazpoxide and an extremely low frequency pulsed magnetic field. Neurosci. Biobehav. Rev. 25, 235-260 (2001).

Ramos, A. Animal Models of anxiety: do | need multiple tests. TIPS. 29, 493-498 (2008).

Archer, J. Tests for emotionality in rats and mice: a review. Anim. Behav. 21, 205-235 (1973).

Gray, J. A. Emotionality in male and female rodents: a reply to Archer. Brit. J. Psych. 70, 425-440 (1979).

@ N

Noo

Copyright © 2015 Journal of Visualized Experiments February 2015 | | 52434 | Page 5 of 6




image14.png
Journal of Visualized Experiments www.jove.com

10.
11.
12.
13.
14.
15.
16.
17.

18.
19.

20.

21.

22.

23.
24.

25.

26.

Carola, V., D’Olimpio, F., Brunamonti, E., Mangia, F., Renzi, P. Evaluation of the elevated plus-maze and open-field tests for the assessment
of anxiety-related behavior in inbred mice. Behav. Brain Res. 134, 49-57 (2002).

Ramesh Babu, J., Seibenhener, M. L., Peng, J., Strom, A. L., Kemppainen, R., Cox, N., Zhu, H., Wooten, M. C., Diaz-Meco, M. T., Moscat,
J., Wooten, M. W. Genetic inactivation of p62 leads to accumulation of hyperphosphorylated tau and neurodegeneration. J. Neurochem. 106,
107-120 (2008).

Simon, P., Dupuis, R., Costentin, J. Thigmotaxis as an index of anxiety in mice: influence of dopaminergic transmissions. Behav. Brain Res.
61, 59-64 (1994).

Denenberg, V. H. Open-field behavior in the rat: what does it mean. Ann. N.Y. Acad. Sci. 159, 852-859 (1969).

Stanford, S. C. The open field test: reinventing the wheel. J. Psychopharm. 21, 134-135 (2007).

Ennaceur, A. Tests of unconditional anxiety — pitfalls and disappointments. J. Phys. Behav. 135, 55-71 (2014).

Borta, A., Schwarting, R. K. Inhibitory avoidance, pain reactivity, and plus-maze behavior in Wistar rats with high versus low rearing activity. J.
Phys. Behav. 84, 387-396 (2005).

Costall, B., Jones, B. J., Kelly, M. E., Naylor, R. J., Tomkins, D. M. Exploration of mice in a black and white test box: validation as a model of
anxiety. Pharmacol. Biochem. Behav. 32, 777-785 (1989).

Bouwknecht, J. A., Paylor, R. Pitfalls in the interpretation of genetic and pharmacological effects on anxiety-like behavior in rodents. Behav.
Pharm. 19, 385-402 (2008).

Webster, D. G., Baumgardner, D. J., Dewsbury, D. A. Open field behavior in eight taxa of muriod rodents. Bull. Psychonom. Soc. 13, 90-92
(1979).

Wilson, R. C., Vacek, T., Lanier, D. L., Dewsbury, D. A. Open field behavior in muroid rodents. Behav. Biol. 17, 495-506 (1976).

Crawley, J. N. Behavioral phenotyping of transgenic and knockout mice: experimental designs and evaluation of general health, sensory
functions, motor abilities and specific behavioral tests. Brain Res. 835, 18-26 (1999).

Simon, P., Dupuis, R., Costentin, J. Thigmotaxis as an index of anxiety in mice. influence of dopaminergic transmissions. Behav. Brain Res.
61, 59-64 (1994).

Miller, B. H., Schultz, L. E., Gulati, A., Su, A. |, Pletcher, M. T. Phenotypic characterization of a genetically diverse panel of mice for
behavioral despair and anxiety. PLoS One. 5, €14458 (2010).

Tannenbaum, B., Anisman, H. Impact of chronic intermittent challenges in stressor-susceptible and resilient strains of mice. Biol. Psych. 53,
292-303 (2003).

Lister, R. G. Ethologically-based animal models of anxiety disorders. Pharmacol. Ther. 46, 321-340 (1990).

Kulesskaya, N., Voikar, V. Assessment of mouse anxiety-like behavior in the light-dark box and open-field arena: role of equipment and
procedure. Phys. Behav. 133, 30-38 (2014).

Han, H., Du, W,, Zhou, B., Zhang, W., Xu, G., Niu, R., Sun, Z. Effects of chronic fluoride exposure on object recognition memory and mRNA
expression of SNARE complex in hippocampus of male mice. Biol. Trace Elem. Res. 158, 58-64 (2014).

Barrow, P., Leconte, |. The influence of body weight on open field and swimming maze performance during the post-weaning period in the rat.
Lab. Animals. 30, 22-27 (1996).




image1.png
Neuroligin-Neurexin
complex

Actin cytoskeleton

B The Rodent Brain in Shankopathies

Prefrontal Cortex

& mIPSC frequency
>  parvalbumin expression
/r Disrupted excitation/inhibition balance

4 spine density and length

4 PSD thickness and proteins
== \ glutamatergic receptors and their activity
)

@ Defective synaptic maturation
N Q Altered glutamatergic receptor function
\ Altered plasticity

3 synapse density
ZET LpsDproteins
4 plasticity and 4 inhibition at Purkinje cels




