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[Abstract] A key component of combating substance use disorders is understanding the neural 

mechanisms that support drug reward. Tasks such as self-administration assess the reinforcing 

properties of a drug using a learned behavior but require numerous training sessions and surgery. In 

comparison, the conditioned place preference (CPP) task assesses reward with little training, without 

costly surgeries, and confounds that accompany the use of anesthesia or pain-relieving drugs. The CPP 

task contains three phases: pretest, conditioning, and posttest. During the pretest, mice are allowed to 

explore a three-compartment apparatus. The two outer compartments contain unique olfactory, tactile, 

and visual cues whereas the middle compartment is used as an entrance and exit for the mice on test 

days. During conditioning, mice receive cocaine before being confined to one of the outer compartments. 

The following day, mice are given saline then confined to the other outer compartment. These pairings 

are then repeated once. At posttest, mice are permitted to freely explore all compartments in a drug-free 

state while the time spent in each compartment is recorded. A CPP score is calculated for both the 

pretest and posttest by comparing the time spent in the cocaine-paired and saline-paired compartments. 

Enhancements in the CPP score from the pretest to the posttest serve as a measure of the rewarding 

property of the cocaine. This task offers several notable advantages: 1) the simultaneous recording of 

locomotor activity and reward, which may utilize different neural mechanisms, 2) the three-compartment 

CPP setup removes the bias that can be observed in a two-compartment design, and 3) use of 

multimodal cues support the acquisition of a robust preference in a variety of mouse strains. 
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[Background] The conditioned place preference (CPP) paradigm has been used for decades to 

examine the role of genes, histone modifications, signaling pathways, and brain regions in drug-

associated memory and reward (see Tzschentke, 1998; Malvaez et al., 2009). It incorporates classical 

conditioning to assess the rewarding effects of contextual cues that have been associated with a drug 

(for reviews see Schechter and Calcagnetti, 1993; Everitt et al., 1999; Bardo and Bevin, 2000). There 

are various CPP chamber designs and configurations, depending on the specific research question 

being addressed (Bardo and Bevin, 2000). However, the most commonly used designs are the two-

compartment or three-compartment chambers. Both chambers types rely on the ability of mice to 

differentiate between two compartments that contain distinct olfactory, tactile, and visual cues. The 

three-compartment design contains an additional compartment, between the two larger compartments, 
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that does not contain olfactory or tactile cues, and is used only for the entry and removal of mice at test. 

Here, we describe the equipment setup, key parameters, and data collection in the three-compartment 

CPP paradigm using adult mice. The focus of this protocol is on cocaine CPP. However, this paradigm 

can be used for other drugs of abuse (e.g., other psychostimulants, opioids, and nicotine). 

  The three-compartment design allows mice to choose whether to enter either the cocaine or saline-

paired compartments or remain in the center compartment. Conversely, the two-compartment chambers 

require mice to be placed in either the saline-paired or the cocaine-paired compartments to begin the 

test. This has the potential to introduce bias for the compartment in which the mice is place at post-test. 

Using tactile, olfactory and visual cues allows mice to form a memory for each context that does not rely 

on one sensory system. Therefore, the likelihood that mice with sensory deficits (e.g., poor vision) will 

fail to acquire a drug-associated preference is reduced. Other variations of the task (e.g., olfactory only) 

can require four cocaine pairings, which results in eight total injections when the saline injections are 

included. Acquisition in our task requires two cocaine pairings (four total injections) for robust cocaine 

CPP, which reduces the likelihood that stress and irritation at the site of injection will be significant factors 

in the experiment. Furthermore, if both the control and experimental groups equally acquire a preference, 

the posttest day of the CPP task can serve as the first day of an extinction experiment. This subsequent 

extinction experiment would allow the experimenter to examine the persistence of the acquired cocaine-

associated memory. Overall, the CPP paradigm provides an adaptable, quick, and inexpensive method 

of assessing drug reward in adult mice. 

 

Materials and Reagents 
 

1. Paper towels 

2. BD 1 ml Syringe slip tip with BD PrecisionGuideTM needle, 26G x 5/8 (0.45 mm x 16 mm; Fisher 

Scientific, catalog number: BD 309597) 

3. Gloves (to be worn at all times that researchers will come into contact with mice) 

4. Handling sleeve (Ansell, catalog number: 19-120-3177) 

5. Bedding: Pine shaving (P.J. Murphy Forest Products) 

6. Cedar bedding (PetsPick) 

7. Mice (8-15 weeks old) of either sex are housed individually beginning a week prior to behavioral 

testing 

Mice have free access to food and water in their homecage. Environmental enrichment such as 

nesting materials (e.g., nestlets) and a retreat are features of each homecage. Their homecage 

area is temperature-controlled (23 °C) with a 12:12 h. light/dark cycle. Behavioral testing is 

performed during the light portion of the cycle. 

Note: This protocol has been optimized using C57BL/6J mice but can be used for other strains 

as well. 

8. 70% (v/v) ethanol diluted from stock using water (Fisher Scientific, catalog number: A4094) 
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9. Sterile saline (Growcells, catalog number: msdw-1000, Shelf life: 3 years, stored at room 

temperature) 

10. Cocaine hydrochloride (Sigma-Aldrich, CAS number: 53-21-4) 

 

Equipment 
 

1. Heavy-Duty Utility Cart (RubbermadeTM, catalog number: 11-926-75) 

2. CPP chambers (custom-made; Figure 1) 

3. Four digital cameras mounted above the CPP chambers (e.g., monochrome IR GigE camera 

set; Noldus Information Technology) 

4. Overhead camera-mounting bracket 

5. Overhead lamps 

6. Stopwatch with a silent mode 

7. Lux meter (Fisher Scientific, catalog number: 0666264) 

8. Dell Precision desktop (e.g., Processing Unit Precision T5810) 

 

 
Figure 1. Two conditioned place preference apparatus. The outer compartments (Floor: 12.5 

cm x 17 cm; Height: 32.5 cm) are separated by a smaller inner compartment (Floor: 12.5 cm x 

11.5 cm; Height: 32.5 cm). The compartment with checkered contact paper has a grid floor with 

cedar shaving below. The compartment with white contact paper has bar flooring with pine chips 

below. The middle compartment has a solid gray floor, two gray walls, and two walls with either 

checkered or white contact paper to match the adjoining outer compartments. Guillotine doors 

separate the outer compartments from the middle compartment. 

 

Software 
 

1. EthoVision XT tracking system (Noldus Information Technology, Inc. Leesburg, Virginia) 

2. Microsoft Excel (Microsoft) 
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3. Statistical Software (i.e., SPSS, GraphPad Prism, R) 

 

Procedure 
 

A. Experiment setup 

1. Place the CPP apparatus in a room dedicated to behavioral research. This room should be 

devoid of extraneous odors or sounds. The room’s house lights should be turned off throughout 

the experiment, as the overhead lights will be used to track mice during testing (Figure 2). A lux 

meter is placed in the middle of each chamber (i.e., on top of either the grid or bar floors shown 

in Figure 1) to ensure that the light intensity (100 lux) from the overhead lights is similar across 

all chambers of the CPP apparatus. 

Note: Rooms that are used for surgical procedures or animal husbandry are not suitable. 

Similarly, clothes that have fragrances and other strong odors should be changed prior to the 

start of the experiment. 

 

 
Figure 2. Conditioned place preference room setup with eight apparatus. Each CPP 

chamber is assigned a box ID (e.g., Box 1). The orientation of each box is antiparallel (rotated 

180°) from the adjacent box. The location of each box is permanently fixed. The overhead lights 

are positioned to avoid shadows on the floor of the compartments. Each camera is positioned 

to record from two boxes. 

 

2. Create a table in Microsoft Excel that includes the mouse ID, Group Assignment, Box #, and 

Time spent in the checkered and white compartments. 

3. Assign each mouse to a dedicated behavioral box with assigned cocaine-paired and saline-

paired compartments. 

Note: During this step, ensure that both control and experimental groups are equally 

represented during each trial. For each group, assign the white compartment as the cocaine-

paired compartment for half of the mice. For the other half, assign the white compartment as 

the saline-paired compartment. It is best to ensure that across the entire experiment, each group 
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is represented in each research box. Counterbalancing the injection-compartment assignments 

in this manner prevents chamber bias from confounding the CPP scores. 

4. House mice in individual cages one week prior to the start of the experiment. At this point, unique 

identification can be assigned to mice. 

Note: Experimenters should be blinded to the treatment group of each mouse. 

5. Weigh the mice before the start of the experiment. 

6. Prepare the desired cocaine dose for the experiment. 

7. Set recording software to record video as well as live tracking if possible. 

 

B. Handling the mice 

1. Turn on the overhead lights in the behavioral room and put on nitrile or latex gloves. 

Note: The same type of glove must be worn throughout the experiment. 

2. Remove the cages containing the mice from their animal rack and place them on the utility cart. 

3. Transfer the mice to the behavioral room using the utility cart. 

Note: It is important to avoid excess noise and rattling during this transfer. These sounds and 

motions can act as stressors for the mice. 

4. Clean gloves and handling sleeve using 70% ethanol but wait until the ethanol evaporates 

before handling the mice. 

5. Remove a mouse from its cage by quickly grabbing the base of its tail and placing it on the 

handling sleeve. 

6. Allow the mouse to freely explore the handling sleeve for 3 min before returning it to its cage 

(Figure 3). 

7. Clean your gloves and the handling sleeve after handling each mouse. 

8. Repeat the handling and glove cleaning steps until all mice have been handled. 

9. Use the utility cart to return mice to their housing room and animal rack. 

 

 
Figure 3. Conditioned place preference schematic. A representative daily sequence for two 

mice in the same group are illustrated. Mice undergo handling for 3 min on three consecutive 

days. At pretest, mice are allowed to freely explore the three-compartment apparatus for 15 min. 

On days 5 and 7, cocaine is administered before the mice are confined to one of the larger 

compartments. They are then permitted to explore that compartment for 30 min. The experiment 

is counterbalanced to ensure that half of the mice have cocaine paired with the white 

compartment while the other half have the cocaine paired with the checkered compartment. On 
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days 6 and 8, saline is administered before the mice are confined to the large compartment that 

has not been associated with cocaine. They are then permitted to explore that compartment for 

30 minutes. Mice are given a day off on day 9 and remain in their home cages. On posttest, 

mice are allowed to freely explore the three-compartment apparatus in an identical manner to 

the pretest (15 min duration). 

 

C. Pretest 

1. Prepare the behavioral room by turning on the overhead lights. 

2. Clean each CPP chamber using 70% ethanol. 

3. Open the guillotine doors so that mice can freely move between each compartment. 

4. Turn on the computer and recording software. 

5. Transfer only the mice that will be run together to the behavioral room using the utility cart. 

6. Set the recording software to begin tracking when mice enter each chamber and to stop after 

15 min have elapsed. 

7. Pick up each mouse by the base of their tail and transfer them to your palm. 

8. Place each mouse in the center compartment of their predetermined CPP box. 

Note: Ensure that as each mouse is lowered into the CPP apparatus, they are facing one of the 

gray walls of the center compartment. This will reduce any bias for a particular compartment. 

9. Allow mice to explore the CPP apparatus for 15 min (Figure 3). 

10. Remove the mice from the apparatus and transfer it to its cage. Start by confining the mice to 

the center compartment by closing the guillotine doors, then grab it by the base of its tail before 

immediately placing it in your palm then cage. 

11. Return all mice to their housing room using the utility cart. 

12. Open the guillotine doors and clean the CPP apparatus thoroughly using 70% ethanol. Pay 

special attention to areas that may accumulate pooled urine or defecation. 

Note: The bedding (i.e., pine and cedar) can remain in place for the entirety of the experiment 

unless there is an accumulation of urine or defecation. 

13. Set the computer to record the next set of mice. 

14. Clean gloves using 70% ethanol before retrieving the next set of mice. 

15. Repeat Steps C5-C14 until all mice are tested. 

 

D. Conditioning 

1. Prepare the saline and cocaine solutions. 

Note: A moderate cocaine dose (e.g., 10 mg/kg) is recommended for preliminary experiments–

where either a memory impairment or enhancement may be observed. 

2. Measure out the amount of saline or cocaine to be administered to each mouse from the stock 

using a syringe. 

3. Place each filled syringe in front of the CPP chamber in which the injected mouse will be added. 

4. Clean each CPP chamber using 70% ethanol. 
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5. Close the guillotine doors so that mice will be confined to the outer compartments. 

6. Transfer only the mice that will be run together to the behavioral room using the utility cart. 

7. Administer saline or cocaine via intraperitoneal injection before placing the mouse into the 

assigned outer compartment. 

8. Set a timer for 30 min. Allow mice to explore the assigned compartment (Figure 3). 

Note: Mice do not need to be recorded during conditioning sessions. However, the recording 

software can be activated if the activity during conditioning is of interest. 

9. After 30 min have elapsed, remove each mouse from their respective CPP box and transfer it 

to its homecage. 

10. Return all mice to their housing room using the utility cart. 

11. Clean gloves using 70% ethanol before retrieving the next set of mice. 

12. Repeat Steps D1-D10 until all mice are tested. 

 

E. Posttest 

Repeat the steps outlined in the pretest. 

 

Data analysis 
 

1. Use your recording software to calculate the time spent in each compartment during the pretest. 

2. Calculate the CPP score for each mouse on the pretest. The CPP score is the time spent in the 

cocaine-paired compartment minus the time spent in the saline-paired compartment (Table 1). 

Note: Because the groups are arranged so that each group is represented in each box and that 

there are an equal number of mice that have cocaine paired with the checkered and white 

compartments, vigilance is required to accurately calculate the CPP scores of neighboring mice. 

For example, in Table 1, the CPP scores below for Mouse 1 (CPP Score = Checkered - White) 

and Mouse 2 (CPP Score = White - Checkered) are calculated differently. 

3. Organize the mice by the independent variable (e.g., genotype, treatment or sex). A 

representative table of an experiment with two groups is illustrated in Table 2. 

4. Calculate the CPP score for each mouse on the posttest (Table 3). 

5. Comparing the total distance traveled across on the pretest and posttest days can also be used 

as a behavioral control. Observing similar distance traveled between groups suggests that any 

potential differences in CPP scores from your experimental groups relative to your control group 

cannot be attributed to differences in locomotion. 

6. Organize the mice by the independent variable in a similar manner to the pretest (Table 4). 
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Table 1. Representative CPP Data from the Pretest. Before the experiment, each mouse is 

assigned a CPP box, cocaine-paired and saline-paired compartments. 

Session 1 
Mouse ID Group Box Checkered (s) White (s) CPP Score (s) 

1 A 1 313.780 275.542 38.238 

2 A 2 326.393 240.107 -86.286 

3 B 3 336.336 204.004 132.332 

4 B 4 257.591 196.463 -61.128 

5 A 5 329.596 284.785 44.811 

6 A 6 229.696 296.230 66.534 

7 B 7 374.708 240.040 134.668 

8 B 8 351.552 225.959 -125.593 

Session 2      

9 B 1 277.678 341.208 -63.53 

10 B 2 272.206 261.261 -10.945 

11 A 3 365.432 286.520 78.912 

12 A 4 360.627 206.139 154.488 

13 B 5 363.096 251.318 111.778 

14 B 6 357.558 252.319 105.239 

15 A 7 352.386 335.135 17.251 

16 A 8 252.119 216.950 35.169 

 

Table 2. Representative Group Data from the Pretest. The mean CPP score of each mouse 

is reorganized by group to eliminate outliers and enable future analysis 

Group A Group B 

Mouse CPP Score (s) Mouse CPP Score (s) 
1 38.238 3 132.332 

2 -86.286 4 -61.128 

5 44.811 7 134.668 

6 66.534 8 -125.593 

11 78.912 9 -63.530 

12 54.488 10 -10.945 

15 17.251 13 111.778 

16 35.169 14 105.239 

Mean 31.139625 Mean 27.852625 
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Table 3. Representative CPP Data from the Posttest. Mice that acquire a preference will 

show a positive CPP score at the posttest. The magnitude of the CPP score illustrates the 

strength of the learned cocaine association. 

Session 3 
Mouse ID Group Box Checkered (s) White (s) CPP Score (s) 

1 A 1 433.233 225.359 207.874 

2 A 2 214.414 401.802 187.388 

3 B 3 406.273 302.069 104.204 

4 B 4 232.499 369.57 137.071 

5 A 5 448.048 136.003 312.045 

6 A 6 269.069 331.131 62.062 

7 B 7 431.565 383.05 48.515 

8 B 8 227.895 315.249 87.354 

Session 4 

9 B 1 275.909 210.21 65.699 

10 B 2 272.606 346.213 73.607 

11 A 3 408.475 182.916 225.559 

12 A 4 251.585 43.877 207.708 

13 B 5 334.268 200.067 134.201 

14 B 6 250.717 341.875 -91.158 

15 A 7 465.532 180.914 284.618 

16 A 8 485.752 287.888 197.864 

 

Table 4. Representative Group Data from the Posttest. The mean CPP score of each mouse 

is reorganized by group to enable future analysis. 

Group A Group B 

Mouse ID CPP Score (s) Mouse ID CPP Score (s) 
1 207.874 3 104.204 

2 187.388 4 137.071 

5 312.045 7 48.515 

6 62.062 8 87.354 

11 225.559 9 65.699 

12 -92.292 10 73.607 

15 284.618 13 134.201 

16 202.136 14 -91.158 

Mean 173.674 Mean 69.937 

 

7. Use your preferred statistical software (i.e., SPSS, GraphPad Prism, R) to analyze the CPP 

scores for the pretest and posttest using a two-way repeated-measures analysis of variance. If 
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the data is normally distributed, Bonferroni post-hoc tests can be performed to compare 

difference in the means of the two groups. Alternatively, if the results are not normally distributed, 

non-parametric tests such as the Mann-Whitney test can be used. These statistical tests will 

indicate whether, within each group, significantly more time was spent in the cocaine-assigned 

chamber following cocaine conditioning. The results from the statistical tests will also indicate 

whether there are any significant changes in the amount of time in the cocaine paired chamber 

between groups. These specific comparisons can be made using Student’s t-tests with α-levels 

held at 0.05. Figure 4 illustrates representative data. 

Note: If your groups include both sexes, sex differences should be examined first or as a 

separate factor. 

 

 
Figure 4. Example graph comparing Groups A and B. Group A represents the control group 

(e.g., wildtype) whereas Group B represents the experimental group (e.g., mutant). Bars 

represents the mean CPP score (cocaine-paired minus saline-paired) ± S.E.M. for each group 

on pretest and posttest. Pretest data illustrates that neither group has a strong preference for 

either compartment prior to conditioning. Posttest data show that Group A mice developed a 

robust CPP score, whereas the CPP score of Group B is attenuated. A two-way repeated-

measures analysis of variance (ANOVA) revealed main effects of group (F1,14 = 15.31, P = 

0.0016) and conditioning (F1,14 = 25.61, P = 0.0002), as well as an interaction (F1,14 = 8.566, P 

= 0.0110). 

 

Notes 
 

This protocol has been optimized using C57BL/6J mice, which typically yield an individual CPP 

scores between -150 to 150 s at the pretest. However, this range may vary depending on the strain 

or treatment etc. Alterations can be made to the lighting and odors intensities to obtain similar results 

using various strains. Criteria for exclusion should be determined prior to the experiment. The 

features of the CPP setup (i.e., the odors, wall patterns and light intensity) were selected because 

they do not lead to CPP scores on the pretest that are significantly different from zero. Furthermore, 

mice with a CPP score outside of ± 250 s at the pretest are excluded. 
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