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Mental disorders, like anxiety and depression, are a major health problem and can appear 

early in life. Developing new compounds for anxiety and other mental disorders is desirable 

and requires good animal models. Two widely used tests to evaluate fear and anxious 

behavior in rodents are the open field (OF) and elevated plus maze (EPM) tests. The models 

are simple and it has been argued that different environments give different behavior profiles 

and measure different kind of behavior. The multivariate concentric square fieldTM (MCSF) is 

a new test that gives the rodent opportunity to visit different environments and to evaluate 

more parameters in one test. Validation of the tests is mainly done with adult animals. The 

aim with this study is to study adolescent rat behavior in the OF, OF with start box, EPM and 

MCSF tests and to see if there is any difference in running trials in the morning or in the 

afternoon. A total of 48 adolescent male Wistar rats were divided into 12 rats per group. The 

groups were OF and MCSF, OF with start box and MCSF, EPM and MCSF, and repeated 

testing in MCSF. Each session was 20 minutes and there was one week between the two tests. 

Three rats where run in the morning and three in the afternoon. Statistical analysis did show 

significant difference in some parameters in the comparison between running trials in the 

morning or in the afternoon. Repeated testing in the MCSF yielded differences in trial two 

compared to trial one. No significant difference was found in the trend analysis. The results 

show individual differences and with larger groups results may have been more liable. In this 

study some differences were found between morning and afternoon groups. Lots of data have 

been generated and there are many opportunities to use the same data for additional analyses. 
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1. Introduction 

One major public health problem is generalized anxiety disorders. The lifetime prevalence is 

30 % and about 16 % have one anxiety syndrome at one given time. Anxiety disorders appear 

early in life and about 50 % of the cases appear before the age of eleven (Läkemedelsboken, 

2011-2012). Guidelines for treatment to young people with mental disorders, e.g. depression 

and anxiety, is questioned and is always quest to become better (Högberg et al., 2011). 

Untreated children and adolescents, with major problems during childhood, can get 

devastating effects on education, career and relationship (Allgulander, 2001). Developing new 

compounds for anxiety and other mental disorders is desirable and requires good animal 

models. 

1.1 Adolescence 

Adolescence is the transition from childhood to adulthood, and appear in between 12 to 18 

years in humans and around postnatal day 28 (P28) to postnatal day 42 (P42) in rats. The age 

range can vary and some individuals can fall into a grey zone between childhood/juvenility 

and adolescence, and adolescence and adulthood. In humans the age span can go up to 25 

years. In female rats the transition from juvenility to adolescence can start already on P20 and 

in some male rats adolescence can last until P55. The purpose with adolescence is to get 

independence and learn and practice all skills that are needed for survival (Spear, 2000). 

Adolescents are in general more active and exploratory and they will more rapidly adapt to 

new environments (Deacon, 2006, Spear, 2000). They are therefore classified as a risk taking 

group compared with adults (Spear, 2000).  

1.2 Risk-taking 

Human risk-taking behavior can result in some negative outcomes like accidents, suicides and 

homicides or unwanted pregnancy and infections. All because of the curiosity to use drugs, 

drive drunk, have unprotected sex etc. (Horvath and Zuckerman, 1993, Spear, 2000, 

Steinberg, 2008). Fortunately most of the adolescents pass the experimentation period and 

grow because of their mistakes. Risk-taking behavior in adolescent rats can for instance be to 

explore a novel environment and expose themselves to a certain risk or danger to establish 

new social relationships, new territories and to get independence (Spear, 2000). 

1.3 Natural behavior of the rat 

The natural behavior of the rat is to handle a new situation with care. This is a survival 

property that keeps the rat alive and to avoid dangerous situations (Deacon, 2006). Despite 

that they are highly explorative. The laboratory rat is more explorative and less risk assessing 
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compared to the wild rat. If a wild rat and a laboratory rat are kept in different cages and a 

novel object containing food is placed in the cage, the laboratory rat will explore the new 

container and then eat the food as before. The wild rat will stay in the back of the cage and 

stop eating for days. This is a typical example of neophobia, a novel object is avoided in a 

familiar place, which is a typical characteristic of rats (Barnett, 2005). Adolescent rats are 

more curious and explore a novel object more than adult rats (Spear, 2000). 

The rat is a nocturnal animal and spends most of the light period sleeping. During the night 

the rat is most active, and will eat and drink if they have free access to food and water. The 

circadian rhythm is regulated in the hypothalamus, in the suprachiasmatic nucleus (SCN), and 

is affected by light registered by the retina. One reason for the night activity is the rat’s poor 

acuity. Disturbance of the circadian rhythm may thus impact on the results from behavior tests 

(Antle and Mistlberger, 2005). For instance constant exposure to light affect the circadian 

rhythm and decrease activity in the SCN. Moreover, depression- and anxiety-like behavior 

appear and hormonal balance is affected (Fonken et al., 2009, Tapia-Osorio et al., 2013, 

Roman and Karlsson, 2013). 

 

Because of the rats poor vision they use their vibrissae’s. Thigmotaxis is one type of behavior 

were the rat maintain contact, with a vertical surface using their vibrissae. Thigmotaxis is 

commonly observed in the open field (OF) test and reflects avoidance behavior to the open 

areas in the OF. The rat will identify the open areas as threating and will seek shelter into the 

walls (Burn, 2008). A low degree of thigmotaxis can be interpreted as a higher degree of risk-

taking behavior. Another identified stressor for the rat is exposure to bright light and 

unexpected noises (Roth and Katz, 1979). Thus, open and elevated areas and areas with 

different levels of illumination are common features of many of the behavioral tests for rats. 

1.4 Validity of animal models 

A good animal model can be estimated and validated using three criteria named face validity, 

construct validity and predictive validity. These validity parameters make it possible to 

extrapolate from animal to human and evaluate if the animal model is a good model for 

studying a certain human disease or mental state. Face validity estimates whether the animal 

model show the same symptoms. On the other hand, when the model has good construct 

validity the model is more homologous in its etiology to the condition that is measured. The 

condition and the model display the same underlying mechanisms. Predictive validity 

explains whether the pharmaceutics work or not (Willner, 1991). 
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1.5 The OF test 

One of the oldest behavior tests is the OF test. The OF was first introduced by Hall in 1934 to 

be a tool for measuring the rat’s emotional condition. In conclusion the author considered that 

an high emotional rat did not move around as frequently and had a higher number of 

defecation compared to a less emotional rat (Hall, 1934). The OF is constructed as an open 

area, either as a circle or as a square. In a review made by Prut and Belzung (2003), different 

studies using the OF were compared. In the different studies anxiolytic compounds were 

administered in rodents and the effect were evaluated. A rat interpreted as having high 

anxiety-like behavior spent less time in the center and had low levels of locomotion. The 

authors concluded that the test gave best results with the classic benzodiazepines and 5-HT1A-

receptor agonists. In the other cases the test gave various results and did not fit other more 

uncommon anxiety disorders and more rare substances. Because of that the predictive validity 

is questioned (Prut and Belzung, 2003).  

1.6 The EPM test 

In the fifties Montgomery described a test with elevated and closed arms that was used to 

evaluate fear, exploratory and avoidance behavior in rats (Montgomery, 1951, Montgomery, 

1955). Later on, the X-maze were introduced as a model for study anxiety-like behavior 

(Handley and Mithani, 1984). The elevated plus maze (EPM) consists of two open arms 

associated with fear and anxiety, and two enclosed arms consider being a safer place. Rats 

prefer to be at the closed arm. They will enter the closed arms more frequently and spent more 

time at the closed arms. The open and elevated arms are considered to be more critical than 

the illumination and the novelty. Validation of the model has been done with several different 

anxiolytic drugs. Animals administered with anxiolytics like benzodiazepines (e.g. diazepam) 

entered the elevated arms more frequently and spent more time on the elevated arms in 

compare to the non-administrated animals. In the opposite, substances that induce anxiety-like 

symptoms, like picrotoxinin, increase the time spent on the enclosed arms and reduce the 

number of entries to the open arms (Pellow et al., 1985). Based on these findings the EPM is 

today one of the most frequents tests used for interpretation of anxiety-like behavior in 

rodents. 

1.7 Different environments – different behavior responses  

Different tests are used to measure different behaviors that reflect different aspects of anxiety-

like behavior. For instance the OF and EPM has been compared with each other, together with 

other animal tests like light-dark box, and they seem to differ in the behaviors assessed. It has 
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been argued that emotionality is not one-dimensional and has the ability to vary along several 

axes in the multidimensional space. This means that different kind of environments, e.g. open 

spaces, illuminated or elevated areas, will give different kind of behavioral responses. Instead 

of using batteries of tests the need of only one test to investigate the behavioral response is 

wanted (Ramos, 2008).  

1.8 The MCSF test 

In order to fulfill the need of an animal test that can give information about a more broad 

behavior profile in just one test, Meyerson et al., (2006) implemented the multivariate 

concentric square fieldTM, MCSF. In this test the animal has the opportunity to enter different 

environments and the arena will be more like the natural milieu, as far as it is allowed in the 

laboratory environment. The model includes for example an open area, places to hide, zones 

with different lightning conditions, elevated areas, holes for nose-poking etc. This gives the 

animal a free choice to investigate the novel environment. Instead of using several different 

tests and sessions the MCSF gives the opportunity to evaluate more parameters in one and the 

same session. The MCSF test is more unprejudiced compared to other tests and not 

constructed to evaluate anxiety-like behavior (Meyerson et al., 2006). 

Innate and learned mechanisms for responding on environments associated with risk are 

deeply rooted and are therefore incorporated in the MCSF. To identify areas associated with 

risk and shelter, lactating female rats and food-deprived male rats were used in the MCSF test. 

The lactating females carried their pups from the bridge to the dark corner room (DCR) and 

the males carried food from the bridge to the DCR. Based on these behaviors the authors 

consider the bridge as an area associated with risk and the DCR as an area associated with 

safety (Meyerson et al., 2006). Behavior profiling has been studied in the MCSF several times 

with different conditions in adult animals (Ekmark-Lewén et al., 2010, Meyerson et al., 2006, 

Roman et al., 2012, Meyerson et al., 2013). Adolescents have been used in one previous study 

(Palm et al., 2013). It is therefore not known if the MCSF test is valid for adolescent rats and 

if there are any difference between adults and adolescents? 

1.9 Adolescents in different tests 

Behavior studies done on adolescent rats in the OF and EPM have given various results. Some 

studies have reported higher locomotor activity and more exploratory behavior compared with 

adult rats (Philpot and Wecker, 2008) and other studies reported lower activity compared with 

adult rats (Doremus et al., 2003). Some studies didn’t even find any difference between 

adolescent and adult rats (Doremus et al., 2006). Adolescent mice explored a novel 
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environment more frequent then adult mice (Adriani et al., 1998). However, the main purpose 

with these studies was not to study age differences and all studies did not use the same tests, 

age spans or strains/lines. One main problem with the tests used is that the validation is done 

with adult rats and only a few studies have been done with adolescents (Lynn and Brown, 

2010).  

2. Aim 

The aim with this study is to compare explorative strategies and behavior in adolescent rats in 

the OF, OF with start box, EPM and MCSF tests and to investigate the effects of repeated 

testing in the MCSF test. In addition, it is investigated if there is any difference between 

running trials in the morning or in the afternoon.  

3. Material and Methods 

3.1 Animals and housing 

A total of 48 male Wistar rats (Harlan Laboratories Europe) were used. At the arrival the rats 

were approximately three weeks old and were housed in transparent cages (59 x 38 x 20 cm) 

with three animals in each cage. Bedding material consisted of wood-chip and they had paper 

sheets for enrichment. The animals were housed in a room with 12-hour reversed light/dark 

cycle (lights off at 06:00 h), temperature- (22 °C ± 0.5 °C) and a humidity-control (55% ± 

5%) and had free access to food pellets and water.  

The animals were left undisturbed for one week in order to habituate to the facility and the 

reversed light/dark cycle. After one week the rats were ear notched, handled, weighed and 

transported in a bucket to the test area to be more familiar with the procedures. The animal 

room and experimental room had a masking background noise and all handling was made 

during the dark period of the dark/light cycle. The animals were divided into different groups 

(n=12/group). The groups were OF and MCSF, OF with start box and MCSF, EPM and 

MCSF, and repeated testing in MCSF. Thus, each rat was tested twice with one week 

between. Three rats were run in the morning and three rats in the afternoon on each test day. 

Prior to the first experimental animal on each day a spare animal was run in the respective 

arena in order to avoid altered behavior in the first experimental animal due to factors like less 

odor etc. The weight span during trial one was about 120-150 g and the rats were about four 

weeks old. During trial two the weight span was 170-200 g and the rats were about five weeks 

old. 
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All animal experiments followed Swedish legislations and guidelines and were approved by 

the Uppsala Animal Ethical Committee (C20/12). 

3.2 Apparatuses  

3.2.1 The OF test 

The construction of the OF is a black stainless-steel circle, diameter 90 cm, with 35 cm high 

walls and a stainless-steel wire-mesh floor, 10 mm between the bars, see Figure 1a. The 

possibility to attach a start-box at the wall was used for one experimental group, which also 

enabled measures of shelter seeking in the start box. In this group the rat was started in the 

start box. For the group without start box the rat was placed at the same spot, nose pointing to 

the wall, when starting each session. Each trial lasted 20 minutes and the maze was cleaned 

with 10 % ethanol solution between the trials. The lightning conditions (1x) were 100 in the 

center.  

3.2.2 The EPM test 

The EPM is constructed of black aluminum and consisted of two open, elevated (51 cm from 

the floor) arms and two enclosed arms and together they build a cross, see Figure 1b. Each 

arm is 40 cm long and 10 cm wide and the walls are 40 cm high. The center of the maze (10 x 

10 cm) is not considered to be either a closed or open space. The rat is placed in the center 

with the nose pointing at one open arm. Each trial was 20 minutes and after each trial the 

maze was cleaned with 10 % ethanol solution. The lightning conditions (1x) were 100 at the 

open arms. 

 

Figure 1. a) The open field test with a start box attached and b) the elevated plus maze. 
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3.2.3 The MCSF test 

The MCSF test consists of an arena like a square (100 x 100 cm) with a smaller square in the 

center (70 x 70 cm), see Figure 2. Walls are 25 cm high. In the outer edge there are three 

corridors; north, south and west (15 cm wide) and one illuminated and elevated bridge (walls 

40 cm high). The outer wall at the bridge is transparent and the elevated floor consists of 

stainless-steel mesh. There is a zone, called slope, which the animal needs to cross to enter the 

bridge from the north corridor. In the left corner in the south corridor there is one hidden zone 

(DCR) for the animal to seek shelter in. In the left corner adjacent to the north corridor and 

upper corner to the west corridor there is an elevated platform called the hurdle, with a hole-

board floor that record the number of head-dips using photocells. Each rat was placed in the 

center with the nose pointing at the wall without an entrance to the corridors. Each session 

was 20 minutes and after each trial the arena was cleaned with 10 % ethanol solution. The 

lightning conditions (1x) were as follows: DCR <1, center zone, corridors and hole-board: 10-

15, slope: 50 and bridge: 600-650. 
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Figure 2. The multivariate concentric square fieldTM
 with the zones 1. center and 2. central circle (area 

associated with risk), 3. north, 4. south and 5. west corridors, 6. dark corner room (DCR; shelter seeking), 7. 

hurdle with hole board and photocells (area to investigate), 8. slope (risk assessment) and 9. bridge (area 

associated with risk). 

 

3.2.4 Behavioral recordings 

All observations were made from a different room. For all tests the total number of stretched 

attended postures (SAPs), grooming and rearing were recorded. Head dips (DIPs) were 

counted in the MCSF using the photocells and by direct observations in the EPM test. Total 

number of fecal boli was counted after each trial. Urinations were counted in the MCSF and 

the EPM. Latency (LAT, s) to first visit of a certain zone, frequency (FRQ) of visits, duration 

(DUR, s) of time spent in a certain zone, mean velocity (cm/s) and total distance (cm) were 

registered with EthoVision® XT (Noldus Information Technology, Wageningen, The 
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Netherlands). The arenas were also drawn in EthoVision® XT, the MCSF is shown in Figure 

3.  

1.1.1 Statistical analyses  

The Shapiro Wilk´s W-test was used to check if the parameters were normally distributed. 

There were no normally distributed parameters so non-parametric statistics were used. The 

Mann-Whitney U-test was used to analyze if there was any difference between animals run 

A.M. and P.M. Comparisons between the repeated tests in MCSF were analyzed with 

Wilcoxon signed rank test.  

The Kruskal-Wallis test was used to rank the individuals within the respective descriptive 

parameter used in the MCSF trend analysis (Meyerson et al., 2013). In the MCSF trend 

 

Figure 3. The multivariate concentric square fieldTM with zone groups drawn in EthoVison® XT. Pink lines 

explain a certain zone and green lines is drawn as hidden zones because the rat is not always visible for the 

program there. Entry zones merge one zone to a hidden zone.  
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analysis parameters were divided into five functional categories; general activity (parameters: 

total activity, frequency total corridors, duration/frequency total corridor, frequency center 

and distance total arena), exploratory activity (parameters: duration total corridors, duration 

center, duration hurdle, rearing and photocell counts), risk assessment (parameters: SAP, 

frequency, duration and duration/frequency slope), risk taking (parameters: frequency 

duration and duration/frequency bridge, frequency, duration and duration/frequency center 

circle), and shelter seeking (parameters: frequency, duration and duration/frequency dark 

corner room). Individuals were ranked and the rank values were summarized and analyzed 

with the Mann-Whitney U-test and the Wilcoxon signed rank test. All the statistics were done 

in Statistica 10.0 (StatSoft Inc., Tulsa, OK). Significant differences were set at p<0.05 and 

results were considered a trend at p=0.055-0.07. 

2. Results 

2.1 Individual differences  

During all tests large individual differences were found as animals had different movement 

patterns in the different arenas. In Figure 4 the pattern of movement, for one less active rat (a) 

and one more active rat (b), are presented for all four tests. Similar explorative strategies were 

found, between the OF (1 a-b) and the MCSF (4 a-b) test and the OF with start box (2 a-b) 

and the MCSF test (4 a-b), where the rats that did avoid the open area (tighmotaxis) in the OF 

test did avoid the open area (center) in the MCSF test and vice versa. The general pattern of 

activity in the OF, the OF with start box and the MCSF test were more active and risk taking 

compared to the EPM test (3 a-b) where the rats had a less risk-taking behavior.  

2.2 Comparison between A.M. and P.M trials. 

Results and descriptive data for the animals initially tested in the OF, OF with start box and 

the EPM are shown in Table 1, Table 2 and Table 3, respectively. The Mann-Whitney test did 

not show any significant difference between animals run in the morning and in the afternoon 

in the OF, OF with start box and EPM but there were trends in a few parameters in the OF test 

(duration, % duration, duration/frequency outer circle, duration, % duration middle circle and 

total activity).  
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Figure 4. Explorative strategies for one less active (a) rat and one more (b) active rat in the OF (1), the OF with 

start box (2), the EPM (3) and the MCSF (4) test. 

 

After the respective initial test, all animals were tested in the MCSF one week later. Results 

from the Mann-Whitney test for the MCSF is presented in Table 4 together with the 

descriptive data. In the second test for the same animals, the MCSF test, significant 

differences were found in latency slope, frequency center circle, velocity arena, photocell 

counts for animals who were initially tested in the OF test and a trend was found in distance 

arena. Significant differences in the MCSF test for animals initially run in OF with start box 

were found in latency hurdle and latency bridge. Significant differences were found in 

frequency and % frequency center circle, duration and % duration center circle for those 

initially run in EPM first. Thus, differences in different MCSF parameters were found in 

animals initially tested in the OF, OF with start box and the EPM.  

For the animals that were repeatedly tested in the MCSF the results are shown in Table 5 

together with descriptive data. From the Mann-Whitney U-test significant difference were 

found in latency leave center for both trials, %duration total corridor for trial one, photocell 

counts for trial one and frequency slope for trial two.  
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Table 1. Descriptive data and results from the Mann-Whitney U-test in the open field test.  

 Parameters OF A.M. P.M. Mann-Whitney 

U-test 

  Median QR Median QR p 

Outer circle FRQ OUTCI 35.0 29.0 57.5 16.0  

 DUR OUTCI 1155.7 33.0 1101.9 51.7 # 

 %DUR OUTCI 96.3 2.8 91.8 4.3 # 

 DUR/FRQ OUTCI 33.4 34.5 18.9 5.3 # 

Middle circle LAT MIDCI 40.1 127.1 25.4 21.6  

 FRQ MIDCI 28.0 29.0 58.5 16.0  

 DUR MIDCI 32.8 26.8 82.0 40.5 # 

 %DUR MIDCI 2.7 2.2 6.8 3.4 # 

 DUR/FRQ MIDCI 1.2 0.6 1.5 0.6  

Inner circle LAT INNCI 125.6 212.6 115.9 62.8  

 FRQ INNCI 6.5 7.0 14.0 3.0  

 DUR INNCI 6.8 9.3 18.7 11.7  

 %DUR INNCI 0.6 0.8 1.6 1.0  

 DUR/FRQ INNCI 1.2 0.6 1.2 0.7  

Other TOTACT 75.5 53.0 130.5 27.0 # 

 DISTANCE ARENA 5616.0 1162.1 7286.9 409.6  

 VELOCITY ARENA 8.7 1.0 10.2 0.9  

 VELOCITY OUTER 8.4 0.6 9.6 1.0  

 VELOCITY MIDDLE 17.7 7.4 15.5 3.4  

 VELOCITY INNER 20.2 15.3 19.2 6.8  

 GROOM 5.0 6.0 8.0 7.0  

 REAR 34.0 24.0 59.5 23.0  

 SAP 0.0 0.0 0.0 0.0  

 OCC SAP 0/6  0/6   

 FECAL BOLI 6.0 2.0 5.5 5.0  

 OCC FECAL BOLI 6/6  5/6   

 BODY WEIGHT 128.6 4.1 128.7 2.5  

Descriptive data are presented in median and quartile range (QR). Statistically significant differences between 

A.M. and P.M., as analyzed by the Mann-Whitney U-test are shown * p ≤ 0.05, # trend 0.055-0.07. Occurrence 

(OCC) is shown for the zones that were not visited by all animals in each group or the behaviors that were not 

performed by all animals in each group. OUTCI = outer circle, MIDCI = middle circle, INNCI = inner circle, 

FRQ = frequency, DUR = duration (s), DUR/FRQ = duration per visit (s), LAT = latency (s), SAP = stretched 

attend posture, TOTACT = total activity, i.e. the sum of all frequencies; TOTARENA = total arena. 

 

Table 2. Descriptive data and results from the Mann-Whitney U-test in the open field test with start box.  

 Parameters OF with 

start box 

A.M. P.M. Mann-

Whitney U-

test 

  Median QR Median QR p 

Outer circle LAT OUTCI 52.9 74.6 73.6 90.7  

 FRQ OUTCI 45.5 25.0 64.0 7.0  

 DUR OUTCI 388.4 151.8 557.0 140.7  

 %DUR OUTCI 31.2 12.2 44.8 11.1  

 DUR/FRQ OUTCI 10.3 4.1 8.4 1.7  

Middle circle LAT MIDCI 185.8 229.5 169.9 69.8  

 FRQ MIDCI 31.0 25.0 38.5 36.0  

 DUR MIDCI 27.2 32.9 39.0 49.1  

 %DUR MIDCI 2.2 2.6 3.1 4.0  

 DUR/FRQ MIDCI 0.9 0.5 1.0 0.4  

Inner circle LAT INNCI 379.5 503.2 288.7 295.6  

 FRQ INNCI 9.5 15.0 13.5 9.0  

 DUR INNCI 9.1 8.2 13.7 11.0  
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 %DUR INNCI 0.7 0.7 1.1 0.9  

 DUR/FRQ INNCI 0.9 0.8 0.9 0.7  

Start box FRQ STARTBOX 12.0 2.0 16.0 6.0  

 DUR STARTBOX 772.9 160.3 596.1 156.8  

 %DUR STARTBOX 62.0 13.0 47.9 12.8  

 DUR/FRQ 

STARTBOX 

67.0 8.9 
33.2 7.8 

 

Other TOTACT 104.0 56.0 142.0 45.0  

 DISTANCE ARENA 4765.3 921.6 6212.9 1173.8  

 VELOCITY ARENA 6.8 1.9 8.4 1.4  

 VELOCITY OUTER 9.8 0.8 9.2 1.5  

 VELOCITY MIDDLE 17.4 6.4 17.2 8.3  

 VELOCITY INNER 22.0 12.9 14.5 6.8  

 GROOM 1.0 2.0 1.0 2.0  

 OCC GROOM 4/6  4/6   

 REAR 31.0 31.0 70.0 54.0  

 SAP 0.0 1.0 0.5 1.0  

 OCC SAP 2/6  3/6   

 FECAL BOLI 4.0 7.0 4.0 1.0  

 OCC FECAL BOLI 4/6  5/6   

 BODY WEIGHT 149.4 5.4 144.3 8.3 # 

Descriptive data are presented in median and quartile range (QR). Statistically significant differences between 

A.M. and P.M., as analyzed by the Mann-Whitney U-test are shown * p ≤ 0.05, # trend 0.055-0.07. Occurrence 

(OCC) is shown for the zones that were not visited by all animals in each group or the behaviors that were not 

performed by all animals in each group. OUTCI = outer circle, MIDCI = middle circle, INNCI = inner circle, 

FRQ = frequency, DUR = duration (s), DUR/FRQ = duration per visit (s), LAT = latency (s), SAP = stretched 

attend posture, TOTACT = total activity, i.e. the sum of all frequencies, TOTARENA = total arena.  

 

Table 3. Descriptive data and results from Mann-Whitney U-test in the elevated plus maze.  

 Parameters elevated 

plus maze 

A.M. P.M. Mann-

Whitney U-

test 

  Median QR Median QR p 

Open arm 1 LAT OUTER A1 62.7 561.8 356.0 543.1  

 FRQ OUTER A1 0.5 1.0 0.0 1.0  

 DUR OUTER A1 3.7 12.0 0.0 9.0  

 %DUR OUTER A1 0.3 1.0 0.0 0.8  

 DUR/FRQ OUTER A1 1.0 0.8 0.8 0.1  

 OCC OUTER A1 3/6  2/6   

 LAT INNER A1 159.1 304.8 13.7 80.0  

 FRQ INNER A1 14.0 16.0 9.5 8.0  

 DUR INNER A1 19.1 25.2 17.0 8.8  

 %DUR INNER A1 1.6 2.1 1.4 0.7  

 DUR/FRQ INNER A1 0.8 2.2 1.8 1.7  

Closed arm 1 LAT CLOSED A1 12.8 27.6 8.6 28.2  

 FRQ CLOSED A1 21.0 31.0 20.5 23.0  

 DUR CLOSED A1 690.0 475.9 948.9 433.0  

 %DUR CLOSED A1 57.5 39.7 79.1 36.1  

 DUR/FRQ CLOSED A1 21.2 27.4 50.5 202.1  

Open arm 2 LAT OUTER A2 341.8 728.5 807.6 0.0 * 

 FRQ OUTER A2 0.5 1.0 0.0 0.0  

 DUR OUTER A2 0.7 7.5 0.0 0.0  

 %DUR OUTER A2 0.1 0.6 0.0 0.0  

 DUR/FRQ OUTER A2 7.5 7.5 8.4 0.0 * 

 OCC OUTER A2 3/6  1/6   

 LAT INNER A2 248.5 251.8 160.2 318.2  

 FRQ INNER A2 14.5 6.0 7.5 16.0  
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 DUR INNER A2 8.1 13.3 10.7 35.3  

 %DUR INNER A2 0.7 1.1 0.9 2.9  

 DUR/FRQ INNER A2 0.4 1.0 1.0 1.2  

 OCC INNER A2 6/6  5/6   

Closed arm 2 LAT CLOSED A2 15.9 60.1 2.1 2.3  

 FRQ CLOSED A2 24.0 24.0 22.0 36.0  

 DUR CLOSED A2 383.6 397.7 165.6 324.6  

 %DUR CLOSED A2 32.0 33.1 13.8 27.1  

 DUR/FRQ CLOSED A2 14.2 17.5 7.3 3.4 # 

 OCC CLOSED A2 6/6  5/6   

Center square LAT CTRSQR 0.2 2.0 0.0 10.3  

 FRQ CTRSQR 79.5 37.0 58.5 65.0  

 DUR CTRSQR 44.6 36.2 40.9 64.5  

 %DUR CTRSQR 3.7 3.0 3.4 5.4  

 DUR/FRQ CTRSQR 3.7 3.0 3.4 5.4  

Summarized 

arms 

DUR TOT CA 1117.2 60.4 1106.4 120.8  

%DUR TOT CA 93.1 5.0 92.2 10.1  

 DUR TOT OUTER OA 9.9 14.8 0.0 9.0  

 DUR% TOT OUTER OA 0.8 1.2 0.0 0.8  

 DUR TOT INNER OA 33.6 27.8 28.7 39.7  

 %DUR TOT INNER OA 2.8 2.3 2.4 3.3  

Other TOTACT 167.0 67.0 118.5 137.0  

 DISTANCE ARENA 2913.3 1247.7 2694.4 1757.3  

 VELOCITY ARENA 8.6 0.6 8.2 1.1  

 GROOM 6.0 4.0 6.0 7.0  

 REAR 22.5 8.0 20.0 20.0  

 SAP 2.0 1.0 0.5 2.0  

 OCC SAP 6/6  3/6   

 URINATION 0.0 0.0 0.0 0.0  

 OCC URINATION 0/6  1/6   

 FECAL BOLI 3.0 6.0 4.0 3.0  

 OCC FECAL BOLI 4/6  5/6   

 BODY WEIGHT 142.8 11.3 141.0 16.9  

Descriptive data are presented in median and quartile range (QR). Statistically significant differences between 

A.M. and P.M., as analyzed by the Mann-Whitney U-test are shown * p ≤ 0.05, # trend 0.055-0.07. Occurrence 

(OCC) is shown for the zones that were not visited by all animals in each group or the behaviors that were not 

performed by all animals in each group. A1 = arm 1, A2 = arm 2, CTRSQR = center square, CA = closed arm, 

OA = open arm, FRQ = frequency, DUR = duration (s), DUR/FRQ = duration per visit (s), LAT = latency (s), 

SAP = stretched attend posture, TOTACT = total activity, i.e. the sum of all frequencies, TOTARENA = total 

arena.  
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Table 4. Descriptive data and results from the Mann-Whitney U-test for the multivariate concentric square field™ (MCSF) test for those animals initially run in the open field 

(OF), open field with start box (OF+SB) or elevated plus maze (EPM) and one week later tested in the MCSF test.  

Functional 

categories 

Parameters MCSF (OF) MCSF (OF+SB) MCSF (EPM) 

  A.M. P.M. p A.M. P.M. p A.M. P.M. p 

Median QR Median QR Median QR Median QR Median QR Median QR 

General 

activity 

TOTACT 274.5 106.0 279.5 70.0  231.0 56.0 357.0 92.0  279.5 146.0 298.0 109.0  

FRQ TOTCORR 74.5 32.0 72.0 28.0  71.0 21.0 72.0 44.0  53.5 18.0 46.0 59.0  

FRQ CENTRE 28.0 30.0 41.5 9.0  33.0 19.0 35.5 11.0  33.5 19.0 23.5 17.0  

DUR CENTRE 128.7 94.8 178.8 11.0  167.9 100.4 148.1 28.0  183.6 56.8 174.4 30.9  

DUR/FRQ CENTRE 3.6 2.7 4.3 0.7  5.9 2.7 4.0 1.4  5.8 2.6 6.9 2.8  

DISTANCE ARENA 8532.4 2407.0 11090.7 1075.5 # 9305.8 2828.1 9649.0 3057.5  9063.0 1863.8 10097.6 3209.5  

DISTANCE CENTER 1957.8 1293.2 2632.8 162.4 * 3224.9 1140.9 3025.1 851.1  2195.2 622.8 2103.5 418.1  

VELOCITY ARENA 14.0 2.1 17.4 2.0 * 14.7 3.7 16.6 6.5  14.8 2.3 15.7 5.6  

VELOCITY CENTER 18.4 4.0 17.3 1.6  18.0 1.5 18.6 4.9  16.9 1.2 16.0 2.9  

Exploratory 

activity 

LAT LEAVE  24.7 7.8 23.0 1.8  24.2 19.1 17.3 16.3  22.8 18.2 35.9 57.5  

DUR TOTCORR 440.0 73.6 469.8 44.4  417.6 77.4 405.4 44.7  364.9 56.2 394.6 51.8  

DUR/FRQ 

TOTCORR 

6.0 1.4 5.8 1.8  5.8 2.2 6.0 2.2  53.5 18.0 8.3 5.7  

LAT HURDLE 75.1 9.7 108.6 62.0  204.9 50.8 92.5 73.7 * 159.5 132.6 45.3 104.3  

FRQ HURDLE  49.0 21.0 60.5 33.0  36.5 61.0 75.5 90.0  64.0 95.0 48.5 27.0  

DUR HURDLE 119.8 44.5 136.4 20.2  131.2 47.2 149.0 34.7  114.8 48.5 128.3 72.9  

DUR/FRQ HURDLE 2.8 0.1 2.5 0.7  3.7 6.5 2.1 2.5  1.9 1.2 2.4 1.6  

PHOTOCELL 

COUNTS 

1.0 2.0 2.5 1.0 * 1.0 1.0 0.5 2.0  0.5 1.0 1.5 4.0  

REARING 83.0 36.0 111.0 18.0  94.0 34.0 111.5 34.0  95.0 27.0 91.5 37.0  

Risk 

assessment 

LAT SLOPE 167.7 330.4 58.3 50.5 * 264.6 108.2 88.6 178.8  70.2 195.4 120.7 115.4  

FRQ SLOPE 37.5 25.0 29.0 18.0  26.0 21.0 29.0 33.0  31.0 27.0 34.0 11.0  

DUR SLOPE 125.1 64.3 75.6 14.0  58.2 33.0 62.5 30.5  10.5 4.1 12.8 4.1  

DUR/FRQ SLOPE 2.9 7.1 2.8 2.4  1.7 1.2 1.7 2.6  0.2 0.4 0.4 0.1  

 SAP TO CENTER 0.0 0.0 0.0 0.0  0.0 0.0 0.0 0.0  0.0 0.0 0.0 0.0  

 OCC SAP CENTRE 1/6  1/6   0/6  0/6   0/6  0/6   

Risk taking LAT BRIDGE  133.6 341.6 48.8 50.1 * 264.7 102.0 88.6 178.6 * 95.8 195.5 117.6 165.3  

 FRQ BRIDGE  62.0 49.0 62.5 43.0  58.0 41.0 83.0 36.0  54.0 72.0 65.5 40.0  

 DUR BRIDGE  182.0 49.0 187.8 19.1  116.4 55.6 162.5 78.0  193.8 79.2 188.7 158.8  

 DUR/FRQ BRIDGE 3.4 2.3 3.1 1.3  2.5 1.7 2.2 1.0  3.8 5.0 3.2 2.3  

 LAT CTRCI 216.6 651.5 143.2 186.2  210.1 237.4 2.5 195.3  145.0 190.1 139.1 289.1  

 FRQ CTRCI 1.5 6.0 11.5 9.0 * 2.5 3.0 6.5 4.0  9.5 6.0 3.5 5.0 * 
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 DUR CTRCI 0.8 4.3 5.0 5.0  1.7 3.1 3.9 3.6  8.3 1.9 3.6 2.8 * 

 DUR/FRQ CTRCI 0.4 2.5 0.6 0.22  0.7 0.2 0.6 0.1  1.0 0.6 1.2 1.1  

 OCC CTRCI 3/6  6/6   5/6  6/6   6/6  6/6   

Shelter 

seeking 

LAT DCR  173.3 181.0 181.6 142.6  53.1 84.0 72.8 159.1  170.5 338.8 205.4 98.5  

 FRQ DCR  6.0 4.0 7.5 4.0  7.5 2.0 6.0 2.0  6.5 4.0 5.5 2.0  

 DUR DCR 167.9 205.2 105.1 125.0  232.5 204.2 193.9 170.8  169.3 108.7 117.3 199.4  

 DUR/FRQ DCR 17.9 32.9 21.2 9.1  28.3 29.2 23.6 20.7  28.2 26.3 19.7 11.8  

 OCC DCR 6/6  6/6   6/6  6/6   6/6  5/6   

Other GROOMING 2.5 1.0 3.0 3.0  2.0 2.0 1.5 1.0  0.5 2.0 1.0 0.0  

 OCC GROOMING 5/6  5/6   5/6  5/6   3/6  5/6   

 FECAL BOLI 0.0 0.0 0.0 2.0  0.0 4.0 0.0 0.0  0.0 1.0 0.0 0.0  

 OCC FECAL BOLI 1/6  2/6   2/6  1/6   2/6  1/6   

 URINE 0.0 1.0 0.0 1.0  0.0 0.1 0.5 2.0  0.0 0.0 0.0 0.0  

 OCC URINE 2/6  2/6   2/6  3/6   1/6  0/6   

 BODY WEIGHT 177.8 6.2 174.7 7.0  194.7 6.4 187.1 15.4  190.0 5.3 183.4 17.5  

Anxiety-like 

behavior 

FRQ RISK/SHELTER 

INDEX 

6.9 3.9 8.3 4.0  0.8 0.1 0.8 0.1  0.7 0.2 0.8 0.0  

DUR 

RISK/SHELTER 

INDEX 

0.2 0.6 0.3 0.5  -0.3 0.7 -0.1 0.6  0.0 

 

0.5 0.4 

 

0.9 

 

 

 

Impulsive-

like 

behavior 

SLOPE/BRIDGE 

INTERVAL 

0.0 0.2 0.0 0.0  0.0 0.1 0.0 0.0  0.0 0.0 0.0 0.0  

Descriptive data are presented in median and quartile range (QR). Statistically significant differences between A.M. and P.M., as analyzed by the Mann-Whitney U-test are 

shown * p ≤ 0.05, # trend 0.055-0.07. Occurrence (OCC) is shown for the zones that were not visited by all animals in each group or the behaviors that were not performed by 

all animals in each group. CTRCI = central circle, DCR = dark corner room, DUR = duration (s), DUR/FRQ = duration per visit (s), FRQ = frequency, LAT = latency (s), 

OCC = occurrence, SAP = stretched attend posture, TOTACT = total activity, i.e. the sum of all frequencies, TOTARENA = total arena, TOTCORR = total corridor, i.e. the 

sum of all corridors. 
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Table 5. Descriptive data and results for animals repeatedly tested in the multivariate concentric square field™ 

(MCSF) test. 

Functional 

categories 

Parameters A.M. Wilcoxon 

signed 

rank test 

P.M. Wilcoxon 

signed 

rank test 

Mann-

Whitney 

U-test 

  Median QR p Median QR p p 

General activity TOTACT  

 

      

Trial 1 282.0 82.0  253.0 169.0   

 Trial 2 341.0 185.0  336.5 52.0   

F TOTCORR        

 Trial 1 78.5 17.0  77.0 91.0   

 Trial 2 279.8 96.4  89.0 15.0   

F CENTER        

 Trial 1 48.5 21.0  52.5 33.0   

 Trial 2 47.5 24.0  62.0 20.0   

D CENTER        

 Trial 1 213.2 36.8  197.7 36.4   

 Trial 2 210.7 44.3  182.3 24.4   

D/F CENTER        

 Trial 1 4.1 2.2  3.1 3.7   

 Trial 2 3.9 3.7  3.1 2.0   

%D CENTER        

 Trial 1 17.8 3.1  16.5 3.1   

 Trial 2 17.7 3.7  15.3 1.9   

DISTANCE CENTER        

 Trial 1 2807.4 338.6  2551.0 1259.4   

 Trial 2 3082.1 752.3  2950.5 288.8   

VELOCITY CENTER        

 Trial 1 15.5 2.0  16.4 5.3   

 Trial 2 17.7 7.0  17.7 7.0 *  

DISTANCE ARENA        

 Trial 1 9774.4 1958.0  9242.6 2183.3   

 Trial 2 10530.6 2286.7  10349.6 2018.2   

VELOCITY ARENA        

 Trial 1 15.1 2.7  15.3 2.9   

 Trial 2 15.5 3.4  16.0 4.1   

Exploratory 

activity 

L LEAVE         

Trial 1 24.0 26.2  54.5 15.7  * 

 Trial 2 7.0 3.3 # 4.6 2.4 * * 

D TOTCORR        

 Trial 1 257.7 76.4  449.6 282.8   

 Trial 2 279.8 96.4  257.7 79.0 *  

D/F TOTCORR        

 Trial 1 4.0 1.2  5.8 5.5   

 Trial 2 3.7 2.5  3.1 1.2 *  

%D TOTCORR        

 Trial 1 21.6 6.7  38.3 24.4  * 

 Trial 2 23.4 7.6  22.0 6.4 *  

L HURDLE        

 Trial 1 239.3 209.4  113.1 106.0   

 Trial 2 59.3 85.1 * 84.7 111.5   

F HURDLE         

 Trial 1 46.0 40.0  35.5 31.0   

 Trial 2 70.5 116.0  53.5 45.0   

 D HURDLE        

 Trial 1 135.3 31.6  145.2 14.8   

 Trial 2 167.1 45.2 * 143.4 21.3   
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D/F HURDLE        

 Trial 1 2.9 3.6  3.6 5.9   

 Trial 2 2.1 2.1  3.5 3.5   

%D HURDLE        

 Trial 1 11.3 2.6  12.1 1.2   

 Trial 2 13.9 4.0 * 12.0 1.7   

PHOTOCELL 

COUNTS 

       

 Trial 1 1.5 1.0  0.0 0.1  * 

 Trial 2 1.0 3.0  0.5 2.0   

OCC PHOTOCELL 

COUNTS 

       

 Trial 1 6/6   2/6    

 Trial 2 4/6   3/6    

REARING        

 Trial 1 106.0 25.0  89.5 16.0   

 Trial 2 119.5 32.0  120.0 30.0 *  

Risk 

assessment 

L SLOPE        

 Trial 1 239.6 106.2  187.0 108.6   

 Trial 2 121.2 30.8  54.1 147.3 *  

F SLOPE        

 Trial 1 32.5 10.0  24.0 33.0   

 Trial 2 29.5 31.0  17.0 12.0  * 

D SLOPE        

 Trial 1 7.3 7.8  5.5 7.1   

 Trial 2 6.7 21.4  2.7 4.4   

D/F SLOPE        

 Trial 1 2.9 3.5  0.2 0.1   

 Trial 2 0.3 0.3  0.2 0.1   

% D SLOPE        

 Trial 1 0.6 0.7  0.5 0.6   

 Trial 2 0.6 1.8  0.2 0.4   

SAP TO CENTER        

 Trial 1 0.0 0.0  0.0 1.0   

 Trial 2 0.0 0.0  0.0 0.0   

OCC SAP TO 

CENTER 

       

 Trial 1 1/6   2/6    

 Trial 2 0/6   0/6    

Risk taking L BRIDGE         

 Trial 1 216.2 66.7  140.3 138.1   

 Trial 2 106.0 57.7  90.6 136.4   

F BRIDGE         

 Trial 1 59.0 59.0  70.0 34.0   

 Trial 2 75.5 65.0  83.5 51.0   

D BRIDGE         

 Trial 1 183.6 47.2  153.6 21.1   

 Trial 2 126.8 38.1  118.6 54.7   

D/F BRIDGE        

 Trial 1 2.9 3.5  2.5 1.2   

 Trial 2 1.7 1.6  1.5 0.4   

%D BRIDGE        

 Trial 1 15.3 4.0  12.8 1.8   

 Trial 2 10.6 3.2  9.9 4.6   

L CTRCI        

 Trial 1 72.8 94.9  187.2 1029.8   

 Trial 2 80.7 134.1  58.4 467.9   

F CTRCI        

 Trial 1 9.0 7.0  3.5 4.0   
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 Trial 2 9.5 7.0  4.0 1.0   

D CTRCI        

 Trial 1 4.7 3.5  3.9 4.0   

 Trial 2 15.7 20.4  3.1 1.9   

D/F CTRCI        

 Trial 1 0.9 0.6  1.5 2.7   

 Trial 2 1.2 1.3  0.6 0.5   

%D CTRCI        

 Trial 1 0.4 0.3  0.3 0.3   

 Trial 2 1.3 1.7  0.3 0.2   

DISTANCE CTRCI        

 Trial 1 139.3 156.2  74.8 73.1   

 Trial 2 241.4 289.0 # 70.9 61.8   

VELOCITY CTRCI        

 Trial 1 22.3 16.7  20.6 21.7   

 Trial 2 21.8 21.0  30.6 21.4 *  

Shelter seeking L DCR         

 Trial 1 42.7 26.7  232.9 295.4   

 Trial 2 46.2 143.9  8.2 2.6 *  

F DCR         

 Trial 1 7.0 2.0  6.0 2.0   

 Trial 2 7.0 2.0  8.0 1.0 *  

D DCR        

 Trial 1 128.3 64.6  152.1 73.2   

 Trial 2 117.7 86.9  154.8 45.4   

D/F DCR        

 Trial 1 20.9 5.3  21.9 16.4   

 Trial 2 15.9 7.5  20.2 9.7   

%D DCR        

 Trial 1 10.7 5.4  12.7 6.1   

 Trial 2 9.9 7.3  13.0 3.8   

Anxiety-like 

behavior 

F RISK/SHELTER 

INDEX 

       

 Trial 1 0.8 0.1  0.8 0.1   

 Trial 2 0.8 0.2  0.8 0.1   

D RISK/SHELTER 

INDEX 

       

 Trial 1 0.2 0.3  0.1 0.2   

 Trial 2 0.1 0.4  -0.2 0.4   

Impulsive-like 

behavior 

SLOPE/BRIDGE 

INTERVAL 

       

 Trial 1 0.0 0.1  0.0 0.0   

 Trial 2 0.1 0.2  0.0 0.0   

Other GROOMING        

 Trial 1 1.5 1.0  2.0 3.0   

 Trial 2 2.0 3.0  1.5 2.0   

 OCC GROOMING        

 Trial 1 6/6   4/6    

 Trial 2 5/6   6/6    

 FECAL BOLI        

 Trial 1 0.0 2.0  0.0 0.0   

 Trial 2 0.0 0.0  0.0 0.0   

 OCC FECAL BOLI        

 Trial 1 2/6   1/6    

 Trial 2 0/6   0/6    

 URINE        

 Trial 1 0.5 1.0  1.0 1.0   

 Trial 2 0.0 0.0  0.5 1.0   

 OCC URINE        

 Trial 1 3/6   4/6    
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Descriptive data are presented in median and quartile range (QR). Statistically significant differences between 

A.M. and P.M., analyzed by the Mann-Whitney U-test, as well as within groups over time, analyzed by the 

Wilcoxon signed rank test, are shown *p ≤ 0.05, # trend 0.055-0.07. Occurrence (OCC) is shown for the zones 

that were not visited by all animals in each group or the behaviors that were not performed by all animals in each 

group. CTRCI = central circle, DCR = dark corner room, DUR = duration (s), DUR/FRQ = duration per visit (s), 

FRQ = frequency, LAT = latency (s), OCC = occurrence, SAP = stretched attend posture, TOTACT = total 

activity, i.e. the sum of all frequencies, TOTARENA = total arena, TOTCORR = total corridor, i.e. the sum of 

all corridors. 

 

2.3 Comparison between trial one and trial two in the MCSF 

Results are presented in Table 5. Trial one and two were compared with each other with the 

Wilcoxon signed rank test. Significant difference were found in in the A.M. group in latency, 

duration and %duration hurdle and in the P.M. group in velocity center, latency leave center, 

duration, duration/frequency and %duration total corridor, rearing, latency slope, velocity 

center circle, latency and frequency dark corner room. Significant differences were also found 

in body weight for both groups. Trends were found for latency leave center and distance 

center circle for the A.M. group.  

2.4 The MCSF trend analysis 

The trend analysis ranking was done with the Kruskal-Wallis test. The sum of the rank values 

for each MCSF group (A.M. and P.M.) are presented as median and quartile range for the 

functional categories, Figure 5. No significant differences were found. The MCSF (OF) 

(Figure 5a) and MCSF (OF+SB) (Figure 5b) had the same pattern for the functional groups. 

For the functional category risk taking in the MCSF (EPM) (Figure 5c) and the MCSF 

repeated (Figure 5d), the sum value was higher in the A.M group compared to the P.M. group. 

The opposite pattern was found in the other two tests. 

The results from the trend analysis also show the sum rank for the A.M. and P.M. group the 

first and the second trial in the MCSF test (Figure 5d). Exploratory activity is higher in the 

first trial for A.M. group and lower for the P.M. group and vice versa for the second trial. Risk 

taking got a higher value in A.M. group in the second trial and in the first trial for P.M. group. 

 Trial 2 1/6   3/6    

 Body weight        

 Trial 1 140.8 15.3  134.9 7.3   

 Trial 2 179.8 13.7 * 179.0 3.0 *  
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Figure 5. Trend analysis for the MCSF test for those initially tested in a) OF, b) OF with start box, c) EPM, and d) repeatedly tested in MCSF. Results are presented as 

median and quartile range of the sum rank values for each parameter, A.M. (blue) and P.M. (green), included in the functional categories.  
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3. Discussion 

The aim with the study was to study the behavior in OF, OF with start box, EPM and MCSF 

tests in adolescent Wistar rats and to see if there was any difference to run the trial in the 

morning or in the afternoon.  

All tests were run for twenty minutes. This is common in the MCSF test (Meyerson et al., 

2006, Meyerson et al., 2013) but not in the other tests that usually run five minutes or teen 

minutes max. The time setup was chosen for all tests to make them comparable with each 

other. One option is to split the time into five minutes sessions and compare those. This type 

of comparison was not made in this paper.  

Circadian rhythms are important to maintain normal hormone levels and exposure to constant 

light induce anxiety- and depressive-like behavior in rodents (Antle and Mistlberger, 2005, 

Fonken et al., 2009, Tapia-Osorio et al., 2013) Results did not show major differences in 

running trials in the morning or in the afternoon for the OF, OF with start box and EPM. 

Significant differences were found in latency and duration/frequency outer arm 2 in the EPM. 

It depends on that only one animal visited the outer arm 2 in the P.M. group and three animals 

visited the same arm in the A.M. group. When the open arms were added to each other no 

significant differences were found, see summarized arms in Table 3.The lightning condition 

in the EPM was 100 lux on the open arms. This was chosen because it would be comparable 

to the OF. The fact that the rats had a very low activity on the open arms in the EPM test 

suggest that the lightning condition maybe was too strong and in further tests it should 

perhaps be a lower level of illumination. Trends were found in the OF test in duration, % 

duration, duration/frequency outer circle, duration, % duration middle circle and in total 

activity. The individual differences were large and with a larger group of rats this may have 

been significant. The fact that a trend was found in total activity indicates that there is a 

possibility that it is some difference in activity during the dark period of the light/dark cycle 

in adolescent rats. In the MCSF test significant differences were found in some parameters, 

see Table 4 and 5. For example in MCSF (OF) significant differences were found in distance 

center and velocity arena but not in MCSF (OF+SB) and MCSF (EPM). If it really would be 

any difference in running trials in the morning or in the afternoon, it would also be seen in the 

other trials. A significant difference was found in latency leave in the comparison between 

A.M. and P.M. and in the comparison between trial one and two for the P.M. group and with a 

trend for the A.M. group. Latency leave indicates when the rat first leaves the center. In trial 

two, the rats had already been in the MCSF so they know where to go, and leave the center 
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quicker, which indicates that the animals have a memory of the arena similar to that seen in 

adult animals (Meyerson et al., 2006). Significant difference in the comparison between A.M. 

and P.M. group in both trials seem to be a coincidence because A.M. group is faster to leave 

in trial one and slower in trial two compared to P.M. group. There are individual differences 

and the population is too small to see any liable differences in the groups. 

The trend analysis for MCSF (OF) and MCSF (OF+SB) has the same pattern. Risk taking 

differed among the different groups and it seems like the rats are more risk taking in the 

afternoon in the MCSF (OF and OF+SB) compared to MCSF (EMP and repeated) where the 

A.M. group had a higher sum rank value in risk taking.  There was no significant difference 

for none of the trend analyses but the different patterns are interesting. Maybe there are 

differences in running trials in the morning or in the afternoon and it can be possible that the 

first introduced novel environment, OF, OF with start box or EPM, cause different kind of 

behavior in the MCSF test. Thus, it may be that the initial tests give the animals different 

experiences, which are captured in the MCSF run one week later. However, the individual 

differences affect the results also here. One rat may have a higher value in the A.M. group and 

a lower in the P.M. group and vice versa. To get more information about whether there is any 

difference or not in running trials in the morning or in the afternoon, further studies is 

required in different times during the day. 

Adolescence is the transition from childhood to adulthood and the purpose with adolescence 

is to get independence (Spear, 2000). In order to become independent teenagers test the 

boundaries and expose themselves to things they might not normally do, they are more risk 

taking (Horvath and Zuckerman, 1993, Spear, 2000, Steinberg, 2008). Adolescent rats are 

more explorative in a novel environment than adult rats (Spear, 2000). This can be seen in the 

MCSF test were almost all adolescent rats explore the whole arena in about five minutes. 

Compared to other studies in untreated adult rats in the MCSF test the functional categories 

general activity and risk taking is much higher for the adolescent rats. Total activity, for 

example, is in median 61.5-63.5 for the adults and 231.0-298.0 for the adolescents. The 

parameters frequency and duration bridge are also much higher for adolescents compared to 

adults (Meyerson et al., 2013) and they do not seem to avoid of the elevated and illuminated 

bridge. Other studies have also seen differences in entries into illuminated areas between 

adolescent rats and adult rats. Adolescents have a higher number of entries into illuminated 

areas compared to adults (Arrant et al., 2013). Risk assessment is one functional category that 

don’t differ a lot from the adults (Meyerson et al., 2013), but in this study the parameter 
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bridge entrance was not scored so it’s not easy to say that it is any difference in the risk 

assessment. In other studies, adolescent rats seem to have a lower risk assessment than adults 

(Arrant et al., 2013). Rearing is an exploratory behavior in rats. Adolescent rats rear less than 

adult rats in another study (Arrant et al., 2013), but in this study rearing was more frequent in 

the MCSF test than in adolescents than in adult rats (Meyerson et al., 2013). This may be due 

to the multivariate design of the MCSF compared to many conventional tests. In conclusion, it 

seems like adolescent rats have a different approach behavior in the MCSF compared to 

adults. 

One issue with the study is that only male rats were used. However, the limited time did not 

allow for females to be included. Adolescent females have higher novelty seeking behavior 

compared with adolescent males (Zuckerman 2006, Lynn and Brown, 2009). It would be 

appropriate to use both males and females in further studies. Results may then have been 

different and added valuable information about explorative strategies in the two sexes. One 

strength with the study is that same animal was tested at the same time during the dark period 

for both trials and that all animals were handled equally by the same experimenter. The fact 

that the rats were run in the dark of the light/dark-period is a strength with the study 

considering the rats were tested during their active period and that the circadian rhythms is as 

little disturbed as possible (Antle and Mistlberger, 2005)  

One other problem with the study was the size of the holes in the MCSF hurdle. Only two 

sizes were available and they were either too small or too large and the automatic photocell 

counter could not be used. Manual scoring was therefore used and may not be as precise as 

the photocell counter. The problem with the large holes was that the rats were able to put 

down their whole head and could get stuck in the hole. On the other hand, the small holes 

were not of interest. For further studies in adolescent rats in the same age span, holes in a size 

in between are required.  

EthoVision® XT is the automatic tracking program that was used to record and analyze all 

videos. The program can be used for all common behavior tests and works very well. For 

more complex tests, like the MSCF test, it is difficult to get the program to record the 

adolescent rat and to analyze the data. First, the level of illumination is more varied compared 

with the OF test and EPM test and with more contrasts. It means that the rat is more difficult 

to discern from the surroundings. Second, there are more places were the rat disappear from 

the record in the MCSF test due to the high walls. This means that time will be lost and it will 

be more work afterwards to look at the videos and manually record the time that have been 
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lost. Another problem is when the rat enters the slope. The slope is drawn as a hidden zone, 

Figure 3, and in some cases the rat will be record in just the hidden slope zone and not in the 

slope zone. So when the rat then enters the bridge it is not recorded that the same rat has been 

in the slope zone first and this will affect the results unless manually corrected. The parameter 

SLOPE/BRDIGE INTERVAL can only be negative or zero but if there is record that the rat 

entered the bridge before the slope this will be a positive value. This is the case for some of 

the results and it can be circumvented by manual scoring of the time at the first entrance to the 

slope and the bridge. 

There is always ethical issues with using animals in scientific research (Miziara et al., 2012). 

It is also expensive and time consuming which makes it more important to have a good 

animal model that is valid for its purpose (Anonymous, 2011). This study has generated lots 

of data that can be used in many different ways. For instance, the results can be used to look 

for correlations between the tests and further studies can use female rats and compare those 

data with this data set. The individual information can be used to study individual differences, 

divide them into new groups and compare them with each other. Due to the limited time for 

this project all possible analyses were not possible to perform. The study has saved future 

time and money and most importantly saved on future resources. Further validation of the 

MCSF test need to be done with drugs in both adult and adolescent animals. Only one paper 

with drug-induced effects on behavioral profiles in adults is published (Meyerson et al., 

2013). 

In conclusion, adolescent male rats seem to be more active and risk taking compared to adult 

rats and they seem to have a different approach behavior in the MCSF compared to adults. 

Additional studies in female rats need to be done. The study did not reveal any large 

differences between running adolescent rats in the morning compared to running them in the 

afternoon, which is good since not all studies can be as controlled with regard to time of day 

as this study was. In agreement with studies in adult rats there are individual differences that 

make the results more difficult to interpret but also opens for construction of subgroups given 

that the number of animals is sufficient. Therefore complementary studies are desired with 

larger groups and in different times of the day. Lots of data have been generated and there are 

many opportunities to use the data for additional analyses.  
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