BEHAVIORAL ASSESSMENT
1

Behavioral Assessment in a Mouse Model of Depression
Major depression is associated with certain characteristic behaviors, thoughts, and feelings as defined by the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association [DSM-IV-TR], 2000).  Common symptoms include depressed mood, loss of interest or pleasure (i.e., anhedonia), fatigue, weight changes, feelings of worthlessness or excessive guilt, and inability to concentrate or indecisiveness.  Anxiety as well as cognitive dysfunctions in areas such as learning and memory often accompany depression, or are co-morbid with depression (for review, see Castaneda, Tuulio-Henriksson, Marttunen, Suvisaari, & Lönnqvist, 2008).  Animal models of depression are used to replicate the disorder to allow researchers to study depression and its co-morbidities in ways that may be unethical or impossible in humans.  For instance, the efficacy of antidepressants, hormones, and other drugs can be studied in animal models of depression prior to approval by the Food and Drug Administration for human use.  Behavioral and biological changes observed in animal models of depression following antidepressant treatment give insight into how these drugs will affect humans with the disorder.

As is the case with most psychological disorders, an animal model is not an exact replica of the human condition (Seong, Seasholtz, & Burmeister, 2002).  Symptoms of depression such as low self-esteem and suicidality cannot be measured in animal models, but other features of the disorder can in fact be reproduced.  For example, animal models of depression are associated with symptoms such as anhedonia, anxiety, fatigue, and cognitive dysfunction that can be measured by valid and reliable behavioral assessment tasks.  Animal models of depression have also been associated with characteristic physiological markers of the disorder such as an overactive hypothalamic-pituitary-adrenal (HPA) axis, which is a major regulator of the stress response.  HPA-axis dysregulation is also found in the majority of humans diagnosed with depression (Pariante & Lightman, 2008; for review, see Belmaker & Agam, 2008).  In this way, the physiological mechanisms underlying depression can be studied, for example, via brain surgery or hormone manipulations involving the HPA-axis.  The experimental and invasive nature of these procedures ethically impedes their use in studying humans with depression and underlie the importance of animal models.
But how are psychological disorders induced or created in animals?  There are many answers to this question, because animal models are accomplished in a variety of ways, including producing knockout or genetically altered mice (Haenisch, Bilkei-Gorzo, Caron, & Bönisch, 2009), upregulating or downregulating certain receptors in the brain associated with stress (Chourbaji, & Gass, 2008), and administering acute or chronic stressors (Bessa et al., 2009; Petit-Demouliere, Chenu, & Bourin, 2005; Pryce et al., 2005).  Each of these methods produces biological and/or behavioral effects associated with the human condition, and thus are used to further our understanding of the disorder and its potential treatments.  The present study seeks to create an animal model of depression in mice via a chronic mild stress (CMS) protocol in order to determine the behavioral effects of the disorder in mice.  Life stress is a common trigger for depression in humans.  Dysregulation of the physiological stress system is known to be involved with the disorder, making stress an integral focus of depression research (for review, see Belmaker & Agam, 2008).  The link between stress and depression allows CMS to be a valid and reliable method of inducing depression in rodents (Willner, 1997), and thus the current study utilizes this technique. 
The CMS model of depression in the present study takes into account three types of validity: etiological, pharmacological, and face validity (Krishnan & Nestler, 2008).  In general, validity means that researchers are measuring exactly what they intend to measure, such as depression in this case.  To be etiologically valid, depression-like behaviors must be caused by the same factors that trigger human depression.  However, this validity is difficult to achieve given the absence of definitive etiologies, or causes, of depression.  To be pharmacologically valid, animal models must be responsive to acutely administered antidepressants.  Finally, face validity is present if certain behavioral changes caused by depression-induction methods, such as stress or genetic manipulation mentioned above, superficially resemble depressive symptoms.  An example of face validity would be if an animal decreases its intake of a palatable sweet solution after chronic stress, because this models the depressive symptom of anhedonia.  
Researchers cannot determine the behavioral effects of any disorder without including a comparison control group.  In the present study, control was accomplished by using a within-subjects pre-post design in which the same mice were compared both before and after the CMS induction of depression.  In other words, the mice served as their own control group.  Specifically, the characteristic depressive symptoms of anxiety, motor ability, fatigue, and cognitive dysfunction were compared via behavioral assessment techniques at two time points: pre- and post-CMS procedure.  
Method
Subjects
The subjects were 12 adult male BALB/c mice.  All mice were group housed until the chronic mild stress procedure began, upon which they were single housed.
Open Field Test
The open field test was used to assess exploratory behavior, which is a marker of anxiety.  Basic mouse behaviors such as frequency of climbing and rearing, quadrant changes, and time spent freezing (immobile) were manually quantified in an open and unknown environment for 2 min.  Each mouse was placed in the center of a clean, empty mouse cage divided into four quadrants.  After 2 min, the mice were removed from the open field.  A low frequency of climbing, rearing, and quadrant changes, as well as more time spent freezing, show lack of exploratory behavior.  This is a reflection of high anxiety, a symptom often co-morbid with depression.  Next, a novel object was placed in the upper right hand quadrant of the cage.  Each mouse was again placed in the center of the cage and the amount of time spent in the quadrant containing the novel object was manually recorded.  Less time spent in the quadrant with the novel object indicated less exploratory behavior, and thus higher anxiety.
Rotarod Test 
Each mouse was placed on the rotarod (see Figure 1), which is a horizontal suspended rod used to assess behavioral characteristics such as motor ability and fatigue.  As the rod rotates at increasing speeds, the mice attempt to remain on the rotating cylinder in order to avoid falling.  Therefore, the rotarod was used to assess motor dysfunction and fatigue, common symptoms of depression.  The quicker the mouse falls off the rotarod, the more motor dysfunction and fatigue displayed.  The amount of time is takes for the mouse to fall off the wheel (i.e., latency), with a maximum 5 min, was recorded for each mouse.  Each mouse had three trials on the rotarod, separated by 5 min and the average of the three attempts was recorded. 
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Figure 1: Rotarod Test
Elevated Plus Maze 
The elevated plus maze (see Figure 2) is a plus-shaped apparatus elevated above the floor with two open and two enclosed arms, each with an open roof.  The open arms do not have walls to protect the mouse from falling or to provide comfort, and thus they evoke the rodents’ fear of open spaces.  The maze was utilized in order to measure anxiety, which is often co-morbid with depression.  The longer the mouse remains in the closed arms, the more anxiety displayed.  Each mouse was placed in the center of the maze (at the intersection of the open or closed arms and considered neutral territory) and allowed to roam freely for 5 min.  The proportion of time spent in the open maze arms and the proportion of time spent in the closed maze arms were recorded (proportion = time in specific arm / total maze time). 
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Figure 2: Elevated Plus Maze
Barnes Circular Maze 
The Barnes circular maze (see Figure 3) was used to measure cognitive functioning, particularly learning and memory, which is commonly impaired in depression.  This maze consists of an elevated circular table with 20 holes lining the circumference of the table, one of which leads to a dark goal box.  Mice inherently seek the goal box because they tend to prefer dark, enclosed spaces, offering relief from the anxiety of the open surface of the table.  Each mouse was first placed in the dark box, or goal box, located under one of the holes for 30 s.  Then, each mouse was removed from the goal box and placed under another box, the start box, in the center of the table for 30 s.  Next, the start box was lifted and each mouse was allotted 5 min to find the goal box, and thus, shelter.  If the mouse found the box within the time allotted, it remained in the box for 1 min, which served as the reward, and then was removed from the maze.  If the mouse did not find the goal box after 5 min, the researcher placed the mouse in the goal box for 30 s before removing the mouse from the table.  Each mouse received three trials, with 5 min between each trial, and latency to find the goal box was averaged.  It is important to note that only on the first trial was the mouse placed in the goal box prior to the start box. 
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Figure 3: Barnes Circular Maze

Chronic Mild Stress (CMS) Protocol

An effective CMS protocol may be administered in a variety of ways.  In the present study three types of stressors were administered in an unpredictable, randomized fashion over the course of 3 weeks.  First the animals were transferred from a cage in which they were group housed to single housing, causing social isolation stress.  Then, three different stressors were administered.  To cause damp bedding, 100 mL of water was poured over the normal bedding placed in the cage.  For the empty cage stressor, all bedding and enrichment was removed from the cage, although water and food remained available.  Finally, to administer the tilted cage stressor, blocks were securely placed under one side of the cage, causing the cage to sit on an angle. See Table 1 for the sequence of events.
Table 1

Sequence of Stressors Administered in the Chronic Mild Stress (CMS) Protocol
	Days
	Start Day/Time
	Stressor

	1-3
	Day 1 / 8:30 AM
	Damp Bedding

	4-5
	Day 4 / 11:30 AM
	Tilted Cage

	6-7
	Day 6 / 9:00 AM
	Empty Cage

	8-10
	Day 8 / 3:00 PM
	Tilted Cage

	11-12
	Day 11 / 10:30 AM
	Damp Bedding

	13-14
	Day 13 / 2:30 PM
	Tilted Cage

	15-17
	Day 15 /4:00 PM
	Empty Cage

	18-20
	Day 18 / 11:30 AM
	Damp Bedding


Saccharine Consumption Test


In a two-bottle choice test, each mouse was given free access to both a bottle of water and a bottle containing 0.2% saccharin solution for 24 hours.  To account for possible side (right/left) preferences in bottle placement, the side of the cage on which the bottles were placed was switched halfway through the 24 hour test.  The saccharin solution is sweet and mice tend to prefer to drink this instead of water.  Thus, the test was used to measure anhedonia, a common depressive symptom, by comparing consumption before and after the CMS procedure.  The amount consumed in milliliters (mL) from each bottle was recorded.  The weight of the animals in grams (g) was also measured both before and after the consumption test.  Thus, the amounts of saccharin solution and water consumed were recorded in mL/g, taking weight into account.  Additionally, the preference for saccharin solution versus water was calculated as [saccharine / (saccharine + water)] * 100 where higher numbers mean a greater preference for saccharin solution.  
Study Design

A 24 hour saccharin consumption test came first in order to have a baseline measurement of saccharin preference.  The following day, the behavioral tasks assessing anxiety, motor ability, fatigue, and cognitive functioning took place in order to provide a baseline measurement prior to the CMS procedure.  The 12 mice were divided into four groups to counterbalance the order in which the behavioral assessments were completed.  The first group of three mice completed the assessments in the following order: open field test (OF), rotarod test (RR), elevated plus maze (EPM), and the Barnes circular maze (BCM).  The order for the second group was RR, EPM, BCM, OF.  The orders for the third and fourth groups were EPM, BCM, OF, RR and BCM, OF, RR, EPM, respectively.  On the following day, the chronic mild stress procedure began and continued for three weeks (see Table 1).  Upon completion of the CMS protocol, the same behavioral assessment procedure was administered as described above in order to assess the behavioral changes associated with an animal model of depression.
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Questions
1. Explain how the Barnes Circular Maze is able to measure cognitive dysfunction.

2. Based on previous literature on depression, would you hypothesize an increase or a decrease from pre- to post-CMS for each of the dependent variables? 
a. Latency to fall off the rotarod

b. Proportion of time spent in the open arm of the elevated plus maze

c. Proportion of time spent in the closed arm of the elevated plus maze

d. Latency to find the goal box in the Barnes maze

e. Time spent freezing in the open field test

f. Climbing frequency in the open field test

g. Rearing frequency in the open field test

h. Number of quadrant changes in the open field test

i. Time spent in the quadrant with the novel object in the open field test

j. Preference for saccharin solution instead of water

3. This study sought to achieve validity when creating the CMS-induced mouse model of depression.  The readings mentioned three types of validity.  Which types of validity did the current study achieve and why?  If a certain type(s) of validity was not achieved, how could the study have been modified to do so?
4. Why was it important to measure water consumption in addition to saccharin solution consumption both pre- and post-CMS?  In other words, why did we obtain a saccharin preference score instead of simply measuring saccharin consumption? What conclusions would we have drawn had we only measured saccharin consumption and failed to include measures of water consumption and saccharin preference?  
5. Access the data file (Mouse_Model_Depression.sav) to answer the following question: 

Did the CMS procedure effectively model depression in the mice?  In other words, were there significant differences between the pre- and post-CMS measurements for each of the dependent variables listed below? If so, make sure to specify how the groups differed (e.g., more, less, higher, lower).

a. Latency to fall off the rotarod

b. Proportion of time spent in the open arm of the elevated plus maze

c. Proportion of time spent in the closed arm of the elevated plus maze

d. Time to find the goal box in the Barnes maze

e. Time spent freezing in the open field test

f. Climbing frequency in the open field test

g. Rearing frequency in the open field test

h. Number of quadrant changes in the open field test

i. Time spent in the quadrant with the novel object in the open field test

j. Saccharin consumption

k. Water consumption

l. Preference for saccharin solution over water
6. Now use the results you obtained from the provided data set to further inform your answer to question #4: why was it important to measure water consumption in addition to saccharin solution consumption both pre- and post-CMS in order to obtain a saccharin preference score? Compare the results of your data analyses for SaccPref, Saccharin, and Water to answer the question. (Hint: Based on the results, what conclusions would we have drawn had we only measured saccharin consumption and failed to include measures of water consumption and saccharin preference?) 
Responses to Questions

1. Explain how the Barnes Circular Maze is able to measure cognitive dysfunction.

Answer:

Learning and memory are common impairments associated with cognitive dysfunction, and the Barnes Circular Maze allows researchers to test these constructs in mice.  Because mice become anxious in open areas and prefer dark, enclosed spaces, they are motivated to find shelter in the goal box of the maze.  Thus, the mice are motivated to find the goal box as quickly and accurately as possible.  On the first trial, the mice have the opportunity to learn where the goal box is, because they are placed in the dark, comforting box prior to the bright open space of the maze.  The faster the mice learn where the goal box is, the faster they can escape.  Over the course of three trials, it is advantageous for the mice to remember what they have learned so they can retreat into the goal box more quickly than the previous trial.  In this way, a shorter latency to find the goal box indicates that the mouse is learning the location of the goal box and also remembering this important information from trial to trial.  Thus, if cognitive dysfunction is present as a behavioral manifestation of depression, mice will take longer to find the goal box across three trials at post-CMS compared to pre-CMS.  
2. Based on previous literature on depression, would you hypothesize an increase or a decrease from pre- to post-CMS for each of the dependent variables? 

a. Latency to fall off the rotarod

b. Proportion of time spent in the open arm of the elevated plus maze

c. Proportion of time spent in the closed arm of the elevated plus maze

d. Latency to find the goal box in the Barnes maze

e. Time spent freezing in the open field test

f. Climbing frequency in the open field test

g. Rearing frequency in the open field test

h. Number of quadrant changes in the open field test

i. Time spent in the quadrant with the novel object in the open field test

j. Preference for saccharin solution instead of water

Answers:

a. Decrease

b. Decrease

c. Increase

d. Increase

e. Increase

f. Decrease

g. Decrease

h. Decrease

i. Decrease

j. Decrease
3. This study sought to achieve validity when creating the CMS-induced mouse model of depression.  The readings mentioned three types of validity.  Which types of validity did the current study achieve and why?  If a certain type(s) of validity was not achieved, how could the study have been modified to do so?

Answer:

First, the study achieved etiological validity because the depression-like behaviors observed in the mice post-CMS (anhedonia, anxiety, fatigue, motor dysfunction, and cognitive dysfunction) were caused by the same types of events that trigger human depression.  Long-term stressors such as financial difficulties and relationship problems can be unpredictable and are a major cause of depression in humans.  Second, the study achieved face validity because the depression-like behavioral changes associated with the CMS procedure superficially resembled depressive symptoms in humans.  Depressed individuals are obviously not put on a rotating rod to determine motor dysfunction or fatigue, but a mouse falling off the rotarod in less time than pre-CMS is an indicator of these physical manifestations of depression in the same manner as a lack of energy would be in humans.  Finally, the study was not able to achieve pharmacological validity, because we were not able to determine if our animal model of depression was sensitive to acutely administered antidepressants.  We could have added another component to our study by administering antidepressants to the mice after the current protocol had been completed, then administering the behavioral assessments for a third time.  If we then observed no change from baseline measurements, indicating a lack of depression-like behaviors, pharmacological validity would have been established.  In other words, if antidepressants were shown to be effective in reducing depressive symptoms and co-morbidities such as cognitive dysfunction and anxiety in the mice, then the animal model of depression would be pharmacologically valid. 

4. Why was it important to measure water consumption in addition to saccharin solution consumption both pre- and post-CMS?  In other words, why did we obtain a saccharin preference score instead of simply measuring saccharin consumption? 

Answer:

It was important to measure water consumption as a control comparison to the amount of saccharin solution consumed.  Recording the amount of water consumed allowed the comparison of saccharin solution preference over water both pre- and post-CMS.  Had only saccharin solution been measured and not water, one would not be able to discern whether the hypothesized decrease in saccharin consumption post-CMS would be due to a loss of pleasure in the sweet solution (i.e., anhedonia) or due to a decrease in overall liquid consumption.  By comparing the preference for saccharin solution over water both pre- and post-CMS, anhedonia can be operationally defined as a greater preference for the rewarding sweet solution pre-stress compared to the post-stress condition.

5. Access the data file (Mouse_Model_Depression.sav) to answer the following question: 

Did the CMS procedure effectively model depression in the mice?  In other words, were there significant differences between the pre- and post-CMS measurements for each of the dependent variables listed below? If so, make sure to specify how the groups differed (e.g., more, less, higher, lower).

a. Latency to fall off the rotarod

b. Proportion of time spent in the open arm of the elevated plus maze

c. Proportion of time spent in the closed arm of the elevated plus maze

d. Time to find the goal box in the Barnes maze

e. Time spent freezing in the open field test

f. Climbing frequency in the open field test

g. Rearing frequency in the open field test

h. Number of quadrant changes in the open field test

i. Time spent in the quadrant with the novel object in the open field test

j. Saccharin consumption

k. Water consumption

l. Preference for saccharin solution over water

Answers:
A multivariate paired samples t test was used to obtain the following results:
a. The latency to fall off the rotarod was greater pre-CMS than post-CMS, t (11) = 7.25, p < .001.

b. The proportion of time spent in the open arm of the elevated plus maze was greater pre-CMS than post-CMS, t (11) = 4.35, p < .01.

c. The proportion of time spent in the closed arm of the elevated plus maze was lower pre-CMS than post-CMS, t (11) = -3.17, p < .01.

d. The latency to find the goal box in the Barnes maze was shorter pre-CMS than post-CMS, t (11) = -2.71, p < .05.

e. The time spent freezing in the open field test was lower pre-CMS than post-CMS, t (11) = -2.72, p < .05.

f. The climbing frequency in the open field test was greater pre-CMS than post-CMS, t (11) = 14.64, p < .001.

g. The rearing frequency in the open field test was greater pre-CMS than post-CMS, t (11) = 13.36, p < .001.

h. The number of quadrant changes in the open field test was greater pre-CMS than post-CMS, t (11) = 7.40, p < .001.

i. The time spent in the quadrant with the novel object in the open field test was greater pre-CMS than post-CMS, t (11) = 8.34, p < .001.

j. There was no significant change in saccharin consumption from pre- to post-CMS, p = ns.

k. There was no significant change in water consumption from pre- to post-CMS, p = ns.

l. The preference for saccharin solution over water was stronger pre-CMS than post-CMS, t (11) = 2.82, p < .05.
6. Now use the results you obtained from the provided data set to further inform your answer to question #4: Why was it important to measure water consumption in addition to saccharin solution consumption both pre- and post-CMS?  In other words, why did we obtain a saccharin preference score instead of simply measuring saccharin consumption?  Compare the results of your data analyses for SaccPref, Saccharin, and Water to answer the question. (Hint: Based on the results, what conclusions would we have drawn had we only measured saccharin consumption and failed to include measures of water consumption and saccharin preference?)
Answer:

What conclusions would we have drawn had we only measured saccharin consumption and failed to include measures of water consumption and saccharin preference?  Looking at the means and results of the multivariate paired samples t tests, we see that there was not a significant difference in the amount of saccharin solution consumed pre- versus post-CMS.  Based on these results, we would incorrectly conclude that the mice did not display the depressive symptom of anhedonia because they did not drink less of the rewarding sweet solution after stress.  However, this is not the case because when we look at the results from the analysis for SaccPref, we see that the preference for saccharin solution over water decreased significantly from pre- to post-CMS.  Thus, the addition of this variable allowed us to accurately observe CMS-induced anhedonia in mice. 

