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Abstract

This protocol describes the modified hole board (mHB), which combines features from a traditional hole board and open field and is designed
to measure multiple dimensions of unconditioned behavior in small laboratory mammals (e.g., mice, rats, tree shrews and small primates). This
paradigm is a valuable alternative for the use of a behavioral test battery, since a broad behavioral spectrum of an animal’s behavioral profile can
be investigated in one single test.

The apparatus consists of a box, representing the ‘protected’ area, separated from a group compartment. A board, on which small cylinders are
staggered in three lines, is placed in the center of the box, representing the ‘unprotected’ area of the set-up. The cognitive abilities of the animals
can be measured by baiting some cylinders on the board and measuring the working and reference memory. Other unconditioned behavior, such
as activity-related-, anxiety-related- and social behavior, can be observed using this paradigm. Behavioral flexibility and the ability to habituate
to a novel environment can additionally be observed by subjecting the animals to multiple trials in the mHB, revealing insight into the animals’
adaptive capacities.

Due to testing order effects in a behavioral test battery, naïve animals should be used for each individual experiment. By testing multiple
behavioral dimensions in a single paradigm and thereby circumventing this issue, the number of experimental animals used is reduced.
Furthermore, by avoiding social isolation during testing and without the need to food deprive the animals, the mHB represents a behavioral test
system, inducing if any, very low amount of stress.

Video Link

The video component of this article can be found at https://www.jove.com/video/52529/

Introduction

The modified hole board (mHB) is used to assess multiple dimensions of unconditioned behavior, mainly in mice and rats1. A number of widely
used tests measure a single behavioral parameter which does not completely cover the entire phenotype of a behavioral dimension. The mHB
was developed based on the concept that rodents can show their rich behavioral repertoire only in a rich testing environment2 and thus allows for
complex ethological observations.

The set-up comprises the characteristics of the traditional hole board and the open field test, resulting in a single complex paradigm which
overcomes the disadvantages of a test battery (i.e., in reducing the number of animals used1,3,4, circumventing the possible effects of test
order5, and reducing time-effect and costs6).  In contrast to most behavioral tests (e.g., Hånell & Marklund, 2014)7, an advantage of the mHB
is that animals do not need to be food deprived in order to increase the motivation to solve the task. Additionally, social isolation can be
circumvented during testing by placing group mates of the experimental animal in a (group-) compartment separated from the test compartment
by a transparent perforated partition, allowing for visual, auditory and olfactory contact8,9.

The mHB has been (pharmacologically) validated for both mice and rats1,6. A wide range of behaviors can be measured, such as avoidance
behavior, risk assessment, arousal, exploration, locomotor activity, habituation, social affinity and cognition2,8-10. Additionally, the mHB can be
combined with a food intake inhibition test, as well as novel object recognition test10,11. Finally, the mHB can also be used to perform social
stress experiments by testing socially defeated animals while placing a dominant individual in the group compartment12,13. This protocol for mice
and rats will give an overview of the multiple applications of the mHB.
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Protocol

NOTE: The experiments have been approved by the Animal Experiments Committee of the University Medical Center Utrecht and Utrecht
University, The Netherlands. Furthermore, the animal experiments followed the Principles of laboratory animal care and refer to the Guidelines
for the Care and Use of Mammals in Neuroscience and Behavioural Research.25

1. Experimental Set-up

NOTE: The standard mHB apparatus consists of a grey PVC experimental box (100 x 50 x 50 cm) separated from an additional compartment (50
x 50 x 50 cm) in which the group mates of the experimental animal can be placed during the testing period by a transparent, perforated partition1.
If the presence of group mates is unwanted or if individually housed animals are tested, replace the transparent partition by a partition made of
grey PVC (Figure 1; see also Ohl et al. (2001)1). The mHB (with different measurements) used for cognitive testing is described in section 5 of
the protocol.

1. Place the board (60 x 20 x 0.5 cm; made of grey PVC) in the middle of the box.
 

NOTE: The board can contain 20 cylinders (ᴓ 1.5 cm)14 staggered in two lines or 23 cylinders (ᴓ 3 cm)8 staggered in three lines.
2. Divide the area around the board by black lines into 10 rectangles (20 x 15 cm) and 2 squares (20 x 20 cm).
3. Position a stage light above the board to create a larger contrast in light intensity between the board (representing an unprotected area

comparable with the center of an open field or the light compartment of a light-dark transition test) and the box (protected area) in order to
increase the aversive character of the board4,8.

4. House the animals under a 12 hr reversed day-night cycle (e.g., lights off at 7:00 AM and lights on at 7:00 PM).
 

NOTE: However, the mHB can also be used under the conventional light schedule (see discussion on potential shortcomings)1,6.
5. Perform the behavioral testing in the most active phase of the animals (e.g., between 10:00 AM and 2:00 PM)4,15.
6. Maintain a habituation period of 2 weeks after arrival of the animals in the facilities. During this period have the same person performing

the behavioral experiment handle the animals four times a week and include all handling procedures to be performed during actual testing.
Handle the animals exclusively during the time of the day when the animals will be exposed to testing later on.

7. Record the experiments for data storage on video and in order to optimize the results and to reduce the inter observer variability, practice the
behavioral scoring using a video recording of previous experiments2. Make sure to standardize all actions and procedures executed by the
observer.

2. Behavioral Testing – Without the Presence of Group Mates

1. Perform behavioral testing in the room the animals are regularly housed in (to avoid possible effects of transportation to a testing location)
and install all testing equipment before arrival of the animals in the facilities (to habituate the animals to the presence of the equipment).

2. Pick up the animal by the base of the tail from its home cage and directly place it in the mHB.
3. Place each animal in the apparatus in the same corner facing the wall (as indicated in Figure 1).
4. Allow the animal to freely explore the mHB for a period of time (often 5 min1,6,16-18).
5. Have an experienced observer live score the behavioral parameters using behavioral scoring software. Use the parameters listed in Table 1.

 

NOTE: Some behavioral parameters (e.g., motor- and exploratory behavior) might be scored automatically as e.g., discussed by Henry et al.
(2010)19 after necessary adjustment of the mHB.

6. Clean the apparatus with tap water and a paper towel after every trial in order to avoid a bias based on olfactory cues.
 

NOTE: Possible testing-order effects when testing socially housed animals should be kept in mind17,20.

3. Behavioral Testing – in the Presence of Group Mates

1. In the case of group housing, measure the interaction with the experimental animal and its cage mates during testing.
1. Place the group mates in the group compartment before testing of the experimental animal to allow for habituation (mainly 10-30

min1,12).
 

NOTE: Testing under social-stress conditions is possible by placing a dominant cage-mate in the group compartment when testing a
socially defeated individual13.

2. Place the experimental animal in the test compartment and allow it to freely explore the mHB as described in section 2.
 

NOTE: Possible testing-order effects when testing socially housed animals should be kept in mind17,20.
3. Have an experienced observer live score the behavioral parameters using behavioral scoring software. Use the parameters listed in

Table 1.
4. Clean the apparatus with tap water and a paper towel after every trial in order to avoid a bias based on olfactory cues.

4. Novel Object Recognition and Food Intake Inhibition

1. Familiarize the animals with an object (for instance a dice or a food pellet) in their home cage 2 days before the experiment.
2. Place the familiarized object in the apparatus 2 cm apart from a novel object (for instance a bolt or unfamiliar food) in the corner across from

the starting point.
3. Measure the time the animal takes to approach the novel and familiar object/food. Use the parameters in Table 1.
4. Clean the apparatus with tap water and a paper towel after every trial in order to avoid a bias based on olfactory cues.
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5. Cognitive Testing

1. Place a smaller board (35 x 22 x 1 cm) with 10 cylinders in the middle of the box (Figure 1) for testing rats3,22. Reduce the box in size to 50 x
50 cm for testing mice21 by inserting a partition made of grey PVC.

2. Scent all cylinders with a flavor animals are attracted to (e.g., vanilla) and bait all with a reward (e.g., a piece of almond, a highly palatable
reward for mice and rats) beneath a grid so the animals cannot remove it.

3. Cue cylinders (often three) with a colored ring (contrasting with the grey PVC) and bait them with a removable reward (e.g., 0.05 g piece of
almond).

4. Familiarize the animals with the reward daily in the 2 days before the experiment in their home cage by offering it with tweezers and making
sure that the animals eat it.

5. Have an experienced observer live score the behavioral parameters using behavioral scoring software. Measure the parameters listed in
Table 2 in addition to the behavioral parameters mentioned in section 2 (Table 1) with the exception of the parameters related to object
recognition or food intake inhibition.

6. Stage 1: With each animal, perform four trials daily with a constant inter-trial interval (e.g., 30-60 min) until a constant time to finish a trial is
reached (i.e., when all three almond pieces have been collected).

7. Stage 2: Cue and bait three different cylinders and place the animals in the setup for four trials to test the reversal learning ability.
8. Clean the apparatus with tap water and a paper towel after every trial in order to avoid a bias based on olfactory cues.

Representative Results

The large amount of parameters that can be measured in the mHB make this setup especially suitable to measure numerous behavioral
dimensions. One example is the identification of behavioral adaptation to a novel environment by repeated exposure to the test. Salomons et
al. (2010) studied the habituation of two inbred strains of mice (BALB/cJ and 129P3/J) to the mHB under two different light conditions (red light:
contrast between box and board: 45 lux vs. white light: contrast between box and board: 115 lux (see also protocol section 1.3))4. BALC/cJ mice
show a decreasing (habituating) latency until the first board entry (see Table 1) under red light conditions as shown in Figure 2A. Contrastingly,
129P3/J mice show no sign of habituation over trials. Figure 2B shows the experiment under white light conditions. BALB/cJ mice show again a
decreasing latency to the first board entry over trials albeit that the animals show a slower habituation pattern compared to the red light condition.
129P3/J mice not only show again impaired habituation, but also a trend towards sensitization under the white light condition. Similarly, in a study
by Salomons (2012) 129P2/OlaHsd mice showed an impaired behavioral flexibility in response to novelty compared to BALB/cOlaHsd mice23.
The difference in habituation ability thus becomes apparent between two inbred strains of mice when tested in the mHB4.

The cognitive version of the mHB can for instance be used to measure cognitive impairments in mice. Van der Kooij et al. (2010) used this set-
up to measure the cognitive functioning of C57BL/6J mice with mild cerebral hypoxia-ischemia (45 min of hypoxia; HI-45), severe HI (75 min of
hypoxia; HI-75) and sham-control mice9. The ability to complete the trials (i.e., find the baited holes within 5 min) is shown in Figure 3A. The
number of short-term memory mistakes (revisits to a baited hole), long-term memory mistakes (visits to a non-baited hole) and omission errors
(no visit to a baited hole) are shown in Figure 3B-D respectively.

In order to confirm that the HI-45 group had no cognitive impairment, this group was tested against the sham-controls in a reversal task. The
three baited holes were appointed to three different cylinders and the animals were tested for 4 trials. The reversal effect becomes apparent
when comparing the last trial of the first stage with the first trial of the reversal stage. The duration to complete the four reversal trials gives an
indication on the overall performance. Figure 4 shows the latency to complete the trial for both groups and a clear overall treatment effect is
evident. This means that in the reversal task there is indeed an impairment in cognitive flexibility (re-learning) in the HI-45 group which became
detectable using the mHB9.
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Figure 1. Schematic overview of the modified hole board. (A) The set-up consists of a test compartment (box) with in the middle the
(unprotected) board indicated with zigzag lines and the group compartment. = novel object, = familiar object, = starting point.
(B) Schematic overview of the cognitive version of the modified hole board for mice. (C) Side view of a cylinder as used in the cognitive version
of the modified hole board. A piece of almond is placed beneath the grid of all cylinders. Please click here to view a larger version of this figure.

 

Figure 2. Red light or white light conditions. (A) Latency until first board entry (mean + SEM) of BALB/cJ and 123P3/J mice measured under
red light conditions (box 0-5 lux and board 45 lux). A repeated measures ANOVA with Huyn-Feldt adjustment revealed a strain (P = 0.025), trial
(P <0.001) and trial x strain interaction (P <0.001) effect. Post hoc analyses: between strains: * = P <0.0026, between two consecutive trials: $
= P <0.0026 (BALB/cJ). (B) The latency of the first board entry (mean + SEM) under white light conditions (box 0-5 lux and board 120 lux). A
repeated measures ANOVA with Huyn-Feldt adjustment revealed a strain (P = 0.031), trial (P <0.001) and trial x strain interaction (P <0.001)
effect. Post hoc analyses: between strains: * = P <0.0026, between two consecutive trials: $ = P <0.0026 (BALB/cJ) and T = P <0.0026 (123P3/
J). This figure has been modified from Salomons et al. 20104. Please click here to view a larger version of this figure.
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Figure 3. Cognitive testing in the mHB (stage 1). All figures show mean + SEM. (A) The latency to complete the trial (sec) of the sham-control
mice, HI-45 and HI-75. (B) Number of omission errors, (C) Non-baited hole visits and (D) Revisits for baited holes. * = P <0.05, ** = P <0.01, ***
= P <0.001 sham vs. HI-75, # = P <0.05, ## = P <0.01, ### = P <0.001 HI-45 vs. HI-75. This figure has been modified from Van der Kooij et al.
20109. Please click here to view a larger version of this figure.

 

Figure 4. Reversal learning task (stage 2). Latency to complete a trial (sec) in the reversal learning task (mean + SEM). Trial effects: # = P
<0.05, ## = P <0.01 (first trial reversal task vs. previous trial). Treatment effect: * = P <0.05, ** = P <0.01 (HI-45 vs. sham). This figure has been
modified from Van der Kooij et al. 20109.

System Activity Measured parameter

Avoidance Board entry Frequency, latency (s), duration (%) and
average duration (s) on the board

Risk assessment Stretched attends Frequency and latency (s) of stretched body
postures (including hind limbs)

Arousal Grooming Frequency, latency (s), duration (%) and
average duration (s) self-grooming
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Defecation Frequency and latency (s) of boli produced

Urination Frequency and latency (s) of urinations

Directed exploration Hole visits Frequency and latency (s) of cylinder visits

Novel object exploration Frequency, latency (s), duration (%) and
average duration (s) exploring the novel object

Undirected exploration Rearing box Frequency and latency (s) of rearings in the
box (front paws not touching the wall)

Rearing board Frequency and latency (s) of rearings on the
board

Hole exploration Frequency and latency (s) of cylinder
explorations

Memory Familiar object exploration Frequency, latency (s), duration (%) and
average duration (s) exploring the familiar
object

Social affinity Group interaction Frequency, latency (s), duration (%) and
average duration (s) interacting with the group
compartment

Locomotor activity Line crossing Frequency and latency (s) of line crossings

Table 1: List of behavioral parameters

Memory system Parameter Description

Long-term memory Wrong choice Visit to non-baited cylinder; nose below the rim

Omission error Omission of a baited cylinder No visit to a baited cylinder

Short-term memory Repeated choice Revisit to baited cylinder; nose below the rim

Overall performance Total trial time Time until all baited cylinders have been visited

Table 2: List of cognitive parameters

Discussion

The mHB paradigm can be used to measure multiple dimensions of unconditioned behavior. The protocol can be slightly altered depending
on the purpose of the experiment. In this protocol we discuss the settings, times and measurements usually used in our lab. However, slight
deviations to the measurements of the apparatus have been used in the past and also the amount of cylinders on the board may vary3. Often
studies employ a testing time of 5 min per trial, but other testing times can also be appropriate, i.e., ending the test as soon as a cognitive trial
has been completed successfully or in extending testing time if animals are extremely anxious or physically impaired. The time of day of testing
was selected to be under red light condition since rodents are nocturnal animals and are most active in the early dark phase. Roedel et al.
(2006) shows the effects of light or dark phase testing on behavioral and cognitive performance in DBA mice in the mHB16. Other studies have
performed mHB experiments under white light conditions1,6, however, it should be noted that testing under white light conditions can induce
behavioral inhibition and cognitive disruption (as shown in DBA mice)16.

Tables 1 and 2 contain a large amount of behavioral parameters to be measured. During data analysis this can lead to some parameters
indicating a significant increase of for instance ‘latency to first entry board’, but not in other parameters of the same motivational system (in this
case ‘Avoidance’). In some cases this may lead to inconclusive results. Guilloux et al. (2011) introduced integrated behavioral z-scores to the
behavioral phenotyping in mice24. With the use of integrated behavioral z-scores the multiple parameters can be combined to a single z-score
describing a particular motivational system. The subsequent z-scores can in their turn be more easily compared across behavioral tests and
experiments.

Besides the described features of this paradigm, a more profound use became apparent in the study of Salomons et al. (2012). The habituation
to novelty of two mouse strains (BALC/cJ and 129P3/J) in the mHB was compared, exhibiting a difference in behavioral flexibility indicating a
non-adaptive behavioral profile of the 129P3/J mice4, mirroring impaired adaptive capacities and probably even pathological anxiety.

Concluding, the mHB allows measurement of multiple behavioral dimensions in a single experiment. By combining features from a traditional
hole board and open field test, unconditioned behavior, social interaction, cognition and adaptive capacities, i.e., welfare can be investigated.
This test can for example be used to evaluate behavioral changes due to pharmacological- and/or genetic manipulations, selective breeding and
adaptive capacities. In comparison to classical test batteries, the number of animals needed is clearly reduced and stress experienced by the
animals during testing is extremely low.
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