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Teaser (Read):

The Morris water maze is widely used to study spatial memory and learning. Animals are place in pools of water, where they must swim to a hidden escape platform. Because they are in opaque water, the animals cannot see the platform, and cannot rely on scent to find the escape route. Instead, they must rely on external cues.  As the animals become more familiar with the task, they are able to find the platform more quickly. Developed by Richard G. Morris in 1984, this paradigm has become one of the “gold standards” of behavioral neuroscience.

Visuals:

(1) – swimming rodent

(2) – scientist guiding rodent to ramp

(3) – rodent climbing out of ramp

(4) – visual cues

(5) – rodent swimming unassisted to ramp

(5) – scientists recording data, looking at graphs, etc.

1 Introduction (Looking into camera): 

1.1 “Hello, I am Joseph Nunez, a professor in the Neuroscience Program at Michigan State University.”

1.2 Today I will demonstrate the Morris water maze, which we use to study the effects of gestational drugs of abuse on cognitive function. This procedure has also been adapted to study visual acuity.

1.3 I will show you how to set up the maze, how to train the animals, and how to perform the test for spatial memory. 
So let’s get started…
The written protocol should sound natural when read, because it will be read as a voiceover.  Voiceovers will be read in a quiet room in the lab, so that we can record clean crisp audio far out of range from nasty -80 C freezers and fussy incubators.  Please locate a suitable spot for this before we visit the laboratory.  

With respect to natural sounding language, transitions between minor steps in the protocol and major sections are essential for making the narrative flow nicely.  

2 Setting up the water maze:

2.1 Before showing you how to run a Morris water maze experimental trial, let’s discuss how the apparatus is set up.
Visuals:

   (1) Section title
2.2 The main component of the water maze set up should be a round pool, about 6 feet in diameter and about 3 feet deep. If you are recording the task with a video camera, make sure all sides of the maze are within the camera’s field of view.
Visuals:

(1) Wide shot of pool showing it is round and it’s diameter
(2) Side shot of pool and talent illustrating depth, with yardstick (optional).
2.3 Fill up the water maze with tap water, which should be close to 26 degrees Celsius (1). This may take several hours, so should be done well in advance (2). Periodically check the water temperature so that it is within one degree of 26 degrees Celsius (3).

Visuals:

(1) Talent turns on tap, adjusting cold & hot water

(2) Water filling the pool (the pool can be nearly full, this is just to illustrate)

(3) Temperature gauge/thermometer reading 26°C 

2.4 Place the escape platform in the center of the pool. During training, it can be exposed, about one inch above the water (1,2). This teaches the rat that there is a platform, and that it is the way to get out of the water (3). Later, after the animal is trained and ready for testing (4), the escape platform will be just below the surface of the water (5), and will not be visible because the water will be made opaque with milk or non-toxic paint (6)

Visuals:

(1) Talent places platform in the pool (this is a repeat of 3.1.1,  you will shoot it later)

(2) with the water coming to within 1” of the platform (this is a repeat 3.1.2, you will shoot it later)

(3) Rodent climbing onto the exposed platform (this is a repeat of later shot 3.)

(4) Close up shot of the rodent looking smart and self-assured/ Rodent on platform. (3.5.7)

(5) Water covering the platform (4.1.3)

(6) Talent pours paint / milk into the water, clouding over the platform(repeat of later shot 4.1.4)

2.5 Now we are ready to begin the training the animals in the water maze.

3 Pre-training for the water maze:

3.1 Again, for the water maze training, the platform should be in the center of the pool and exposed one inch above the surface, so the animal knows that it’s there. The water should be within one degree of 26 degrees Celsius.

Visuals:
(1) Talent places platform in the pool (wide shot, get 2 placements)

(2) water coming to within 1” of the platform.  This is a shot from the side showing how far the platform extends above the surface.  Get 2 angles.  

(3) Temperature gauge/thermometer reading 26°C (repeat 2.3.3)

3.2 Each animal will undergo three consecutive trials. First, place the animal on the platform for twenty seconds (1)

Visuals:

(1) Talent places the rodent on the platform

(2) Timer: 0:20

3.3 The water maze has 4 starting positions: north, south, east, or west (1, 2).  Take the animal to one of these positions.  Lower the animal into the water by supporting it with your hand and bringing it down gently into the water tail-end first (3). Do not stress the animal out by dunking it in head first.

Visuals:

(1) Talent points to each starting position. 

(2) Wide shot of water maze.  

(3) Talent takes the animal to starting position 

(4) Graphic of a compass, or graphic/overhead shot of pool with four directions marked

(5) Talent cradles rodent in hands, lowers into water

3.4 Let the animal swim around for a maximum of 60 seconds (1, 2). At first, the animal may swim around the edge of the pool looking for a way out (3).  Eventually, the animal will reach the platform and climb up.  
Visuals:

(1) Talent releases rodent; 

(2) 1:00 on timer counting down

(3) Rodent swimming along edge of the pool

(4) Rodent reaching the platform and climbing up

3.5 .  Once rodent reaches the platform, stop the timer, and record the time.  If it doesn’t find the platform in 60 seconds, then record the time for this trial as one minute. Do not pick up the animal if it fails to reach the platform, teach it that it must swim to the platform, rather, gently guide the animal to the platform with your hand.  Let the animal sit for 15 seconds . If it falls or jumps off, gently guide it back. This will train the animal that it must stay on the platform to be rescued from the pool.

Visuals:

(1) Rodent reaching platform (additional shot)

(2)  timer stopping at a time

(3)  talent recording time

(4) Break to rodent swimming around aimlessly (we need quite a bit of coverage here)

(5) Talent records 60 seconds

(6) Swimming aimlessly, then talent guides rodent to the platform

(7) Animal on platform for 15 seconds

(8) Rodent climbs out

(9) Rodent jumps off the platform, and talent guides it back 

(10) Talent rescues rodent on platform

3.6  Repeat the same procedure for two more trials, starting at a different direction for each (1). 
Visuals:

(1) Shot of animal starting at East

(2) Shot of animal starting at West
3.7 Once the animal has completed all three trials, dry it off with a towel (1). Alternatively, you can place it in a bed of tissues, and it will dry itself (2). Repeat the three-trial training process for all the animals (3). Keep the directions the same for all of them, and record their times. 

Visuals:
(1) Talent dries off rodent with towel

(2) Rodent in tissues drying itself

(3) Repeat shots of training process

(4) Talent recording

3.8 Now that the animals are trained, they are ready to perform the water maze test.

Visuals:
(1) Animals looking smart

4 Water maze testing:
4.1 To begin experimental trials with the water maze, finish filling up the tank so the platform is about one inch below the surface of the water.  Use non-fat dry milk, or 125 milliliters of non-toxic white tempera paint, to make the water opaque.  

Visuals:

(1) Talent turns on the water tap

(2) Water pouring into pool

(3) Water covers the platform

(4) Cloud of paint / milk obscures the platform

4.2 The lighting and water temperature should be the same as in the training process. Each animal will undergo 12 trials – 3 for each starting direction. Each trial will last 60 seconds. Before beginning, choose the order of the starting directions. Do not use the same start direction twice in a row, and also do not repeat the same order for any directions
Visuals:

(1) Thermometer / temperature gauge reading 26°C

(2) Diagram of pool with four directions indicated, 3 trials for each Alternative, wide shot of pool showing all four directions.  We can alter this image in post.

(3) Timer showing 1:00 or 0:60

4.3 You can use the SMART Video-Tracking system software to detect and analyze animal behavior during the test. [optional] 

Visuals:

(1) SMART system

(2) SMART software logo screen shot, obtained by clicking file then “about SMART” or something to that effect.  

4.4 Facing the wall of the pool, the hander will place the animal in the water, and will then step back from the pool and sit in a designated spot while the animal performs the maze task. (1). When the animal is released, the SMART user will start the program and manually track the animal around the pool on the computer screen (2).
Visuals:

(1) Talent #1 places rodent in pool, which swims around, and talent #1 sits down.

(2) Talent #2 operates software

(3) Shot of animal being tracked on screen.

4.5 Track the animal until it reaches the platform, and record the time it took (1). If the animal doesn’t reach the platform in 60 seconds, the handler will guide it to the platform as in training (2). Either way, let the animal sit for 10 seconds (3), and then dry it off (4)
Visuals:

(1) Rodent climbing onto platform

(2)  talent records time by writing in notebook
(3) Talent #1 guides rodent to platform

(4) Rodent sitting on platform

(5) Talent drying animal off

4.6 Continue with each animal for all 12 trials, with the animal handler returning to the same designated spot during each trial. Periodically clean out the pool, make sure the platform is in place, and check that the water temperature is the same.

Visuals:

(1) Repeated images of water maze trials

(2) Talent cleans debris out of pool

(3) Talent ensures platform is in place.

(4) Temperature gauge / thermometer (optional)

4.7 After all animals have completed 12 trials, they will each perform one probe trial, in which the platform is removed from the pool. The probe trial is performed to verify the animal’s understanding of the platform location, and observe the strategy the animal follows when it discovers the platform is not there. The hander will release the animal starting from the north. The SMART user will track the animal for 30 seconds, then record the number of times the animal crosses the center of the pool for an additional 30 seconds.

Visuals:

(1) Rodents looking trained and smart/Rodent swimming straight towards platform.  

(2) Talent removes platform from pool

(3) Talent #1 releases rodent into pool, and steps back to designated spot

(4) Talent #2 tracks rodent as it crosses over the center of the pool looking for platform

4.8 When all the probe trials are complete, dry off the animals and drain the pool.  Now we’ll show you some typical water maze data obtained using the SMART software.

Visuals:

(1) Talent dries off animals

(2) Talent drains pool

5.0  Representative Water maze results

5.1 – Let’s have a look at some water maze data.

Visual 

1. Section title slide

5.2 -  In this series of traces generated by tracking the animals using the SMART system, we can see that in the first 6 trials,  the animal’s path to the platform is much greater than in the later trials.   

Visual

                      1. Series of images showing paths of tracks demonstrating spatial learning.  
5.3 Here in this series of tracking data generated by SMART we can see that the gestational alcohol treated animals take more time to find the platform as compared with controls given that their path to the platform is longer than controls and they have the same swim speed.” 
Visuals

1. Series of images comparing WT and gestationally treated rats.  
5. Conclusion (said to camera)
    5.1 – We’ve just shown you how to train and test animals in the Morris water maze.

    5.2 – This well-established behavioral paradigm has many applications, including:

    5.3 – “So that’s it.  Thanks for watching and good luck with your experiments”

Provided Media:  Please list all images, movie files, or 3-D rendered animations that will be included in this video protocol with filenames and where they will go.

5.2 – series of visuals demonstrating spatial learning over time

5.3 – series of visuals comparing gestationally alcohol-treated animals as having impairments in spatial memory compared to WT.  

General Preparation:
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared  specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
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